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WP3: Applications to case-study regions. Case-scenario: 2 urban areas in Loughborough, UK (262 dwellings). Inputs.

. RED AREA BLUE AREA
City/town Loughborough (UK)
Dwelling type
LR T g (e lo ReleIa (o [Ig={s Ml From 01/06/2018 00:00 to 31/12/2019 23:00 detached 44.90% 46.20%
semidetached 29.20% 45.10%
terraced 15.70% 7.50%
flat 10.10% 1.20%
Total number of dwellings 89 173
Tipz2toez
Ceiiwin tamporalmente Household type
@ One person household 25.80%
o
" "’@sc/ Married couple household 41.60%
With dependent children 24.70% 20.20%
Maxw;” . 1 6.00% 10.95%
2 14.22% 5.89%
§ Purple/Turtle Disco 4’%, “' 3 4.48% 3.36%
- Wedding and.Priviite... ;
no dependent children 16.90% 28.90%
Same sex couple 0.00% 0.00%
With dependent children 0.00% 0.00%
1 0.00% 0.00%
2 0.00% 0.00%
3 0.00% 0.00%
no dependent children 0.00% 0.00%
Cohabiting couple 13.50% 14.50%
With dependent children 3.40% 8.70%
1 0.83% 4.72%
2 1.96% 2.54%
3 0.62% 1.45%
no dependent children 10.10% 5.80%
Lone parent 10.10% 16.70%)
With dependent children 9.00% 12.10%
1 2.19% 6.56%
2 5.18% 3.53%
3 1.63% 2.01%

nd¥ependeRffisipiiahour market statistics, NOMIS, (n.d.). https:{/wgw.nomisweb.co.ukf.gno;



WP3: Applications to case-study regions. Case-scenario: 2 urban areas in Loughborough, UK (262 dwellings). Inputs.

RHSs main parameters
USED IN DWELLINGS

. TES main parameters
Renewable power sources used to power domestic HPs

Wind assumed installed capacity (WIND e ings» MW) 0-0.5
. . Penetration (% of dwellings with stores)
Solar PV assumed installed capacity (PVpye, ngsy MW) 0-0.5 T eooooooooo—----oo---
STWT 50%
PCM 30%
STCs
'''''''''''''''''''''''''''''''''''''''''''''' LTWT NA
%ETSTChweLLinGs 50%
TCS 10%
%FPSTC 50%
Area of STC per dwelling (m?) 0-3
Charging temperature (°C)
TCS 120
HPs
'''''''''''''''''''''''''''''''''''''''''''''' STWT 50
%ASHP 50%
PCM 50
%GSHP 50%
LTWT 50-90
ASHPs capacity per unit (kW) As required
GSHPs capacity per unit (kW) As required
Volume
USEDTO CHARGELTWT oo
. . STWT volume per dwelling (m3) 1
Renewable power sources used to power HTHPs needed to lift temperature of water prior
. PCM volume per dwelling (m3) 1
charging LTWT
[ ST oSS TTTTTTTTmTTmTTTmTTTmT T T cTTTTTTTTTTT TCS volume per dwelling (m3) 1
Wind assumed installed capacity (WIND,,;, MW) As required
) . . LTWT (m3) Variable
Solar PV assumed installed capacity (PV 5, MW) As required

ETSTC 7\ area (m?) As required




Methodology: Case-scenario: 2 urban areas in Loughborough, UK (262 dwellings). Inputs.

Piping network main parameters

Distance between Point 2 and Point 3 (m)? 80.5
Distance between Point 1 and Point 3 (m)? 291.5
Distance between Point 3 and LTWT (m)?! 162.0
Inner diameter of pipes (m) 0.4
Thickness of pipes (m) 0.01
U-value (W/m K) 0.023[2]
Material AluFlex[2]

Costs of variable parameters

[2]

Installed PV (£/MW)][3] 1000000
Installed Wind (£/MW)[4] 1610000 3]
LTWT (£/m?3)[5] 50 [4]
ASHPs (£/unit) 5000 (51
GSHPs (£/unit) 13000 -
HTHPs (£/kW)[7] 250 7]
TCS (£/m?3)[8,9] 100 [8]
PCM (£/kWh)[5] 45 [o]
STWT (£/m3)[5] 30
Piping network (£/dwelling), [10,11] 800 o
[11]

1 Obtain by means of google maps.

PurplejTurtle Disco
- Wedding and Privi
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WP3: Applications to case-study regions. Case-scenario: 2 urban areas in Loughborough, UK (262 dwellings). Inputs.

Costs of variable parameters

ETSTC (£/m2)[6] 170

FPSTC (£/m2)[6] 170
Type Manufacturer  Cost (£)  Area (m?) Cost per m2 (£/m2) website
ETSTC Navitron 725.0 4.54 159.7 ebay
ETSTC Slimline 330.0 2.33 141.8 ebay
ETSTC Biasol 264.0 1.72 153.8 ebay
ETSTC Consol UK 380.0 1.66 228.9 bimblesolar
ETSTC Consol UK 810.0 3.90 208.0 bimblesolar
ETSTC Navitron 470.0 3.22 146.0 stoveandsolar
ETSTC Biasol 630.0 4.86 129.5 ebay
FPSTC FPFINO 241.0 0.89 269.9 ebay
FPSTC Biasol 180.0 2.02 89.1 ebay
FPSTC Navitron 475.2 2.13 222.8 ebay
FPSTC Navitron 557.0 2.52 221.0 ebay
FPSTC PL20 185.0 2.01 92.0 bimblesolar
FPSTC Sunex 543.1 2.01 270.2 heiz24
FPSTC NS 375.0 2.07 181.2 ebay

FPSTC Worcester 449.0 2.25 199.6 ebay
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https://www.ebay.co.uk/itm/174719468312?hash=item28ae178318:g:g2cAAOSwmCxf4jZ3
https://www.ebay.co.uk/itm/203347281980?var=503735198315&mkevt=1&mkcid=1&mkrid=710-53481-19255-0&toolid=10050&campid=5338358731&customid=16323994134366236035812031000008005
https://www.ebay.co.uk/itm/193774236238?var=494005807501&&mkcid=1&mkrid=710-53481-19255-0&siteid=3&campid=5338743056&customid=jkp_CjwKCAjwy7CKBhBMEiwA0Eb7avkJFQJfGViAZ1RdIwEiQ-LOf6xCEOHi4pvXcsry-FmK3fbwv5X0NhoCH58QAvD_BwE&toolid=10001&mkevt=1&gclid=CjwKCAjwy7CKBhBMEiwA0Eb7avkJFQJfGViAZ1RdIwEiQ-LOf6xCEOHi4pvXcsry-FmK3fbwv5X0NhoCH58QAvD_BwE&gclsrc=aw.ds
https://www.bimblesolar.com/solar/thermal-panels-on-own/solar-thermal-10-tube
https://www.bimblesolar.com/solar/thermal-panels-on-own/solar-thermal-25-tube
https://www.stovesandsolar.com/product-page/navitron-5820al-solar-thermal-panel-1
https://www.ebay.co.uk/itm/BIASOL-Solar-Thermal-Collectors-Heat-Pipe-10-30-tubes-/193774236238?var=
https://www.ebay.co.uk/itm/203347281982?hash=item2f5871483e:g:XZsAAOSw8WdbmQAo
https://www.ebay.co.uk/itm/192529963769?chn=ps&norover=1&mkevt=1&mkrid=710-134428-41853-0&mkcid=2&itemid=192529963769&targetid=1279039639649&device=c&mktype=pla&googleloc=1006965&poi=&campaignid=12126078222&mkgroupid=126374355007&rlsatarget=pla-1279039639649&abcId=9300480&merchantid=6995734&gclid=CjwKCAjwy7CKBhBMEiwA0Eb7atMtUhf6aLhTi5H4iA-Un1-K9VXtXUy_IXsiWCEjZXdQIFRONBrrdRoCNoIQAvD_BwE
https://www.ebay.co.uk/itm/203347281981?chn=ps&var=503735198311&norover=1&mkevt=1&mkrid=710-134428-41853-0&mkcid=2&itemid=503735198311_203347281981&targetid=1281240838025&device=c&mktype=pla&googleloc=1006965&poi=&campaignid=12125451281&mkgroupid=117862865970&rlsatarget=pla-1281240838025&abcId=9300480&merchantid=115597337&gclid=CjwKCAjwy7CKBhBMEiwA0Eb7aog92_dNTJWTWbwQyGCDcIUSS2Yb2EQGrgCoMA9KWgWr67sH6OMAehoCn_oQAvD_BwE
https://www.ebay.co.uk/itm/203347281987?chn=ps&var=503735198321&norover=1&mkevt=1&mkrid=710-134428-41853-0&mkcid=2&itemid=503735198321_203347281987&targetid=1281240839425&device=c&mktype=pla&googleloc=1006965&poi=&campaignid=12125451281&mkgroupid=117862865970&rlsatarget=pla-1281240839425&abcId=9300480&merchantid=115597337&gclid=CjwKCAjwy7CKBhBMEiwA0Eb7ascYqLdMpqaPujVdg11UBCpCpkuMKMKcoi4Qw53oU0QfzBWNmt3r2xoCQxwQAvD_BwE
https://www.bimblesolar.com/solar/thermal-panels-on-own/flat-plate-solar-thermal-2m
https://www.heiz24.de/In-roof-flat-plate-collector-Sunex-type-SX-20-New#anker
https://www.ebay.co.uk/itm/294346359841?var=0&&mkcid=1&mkrid=710-53481-19255-0&siteid=3&campid=5338743056&customid=jkp_CjwKCAjwy7CKBhBMEiwA0Eb7ahijRkYCb-XxD0TK8aqcFNXRhRG5FzLRYo5xOaWKllfRojjJdST9MBoC_M4QAvD_BwE&toolid=10001&mkevt=1&gclid=CjwKCAjwy7CKBhBMEiwA0Eb7ahijRkYCb-XxD0TK8aqcFNXRhRG5FzLRYo5xOaWKllfRojjJdST9MBoC_M4QAvD_BwE&gclsrc=aw.ds
https://www.ebay.co.uk/itm/202381972040?mkevt=1&mkcid=1&mkrid=710-53481-19255-0&campid=5338723872&toolid=20006&customid=BWAJ7d8KAAAAtPeA8-CbamqzCUcAAAAAAA

WP3. Results: Effect of PV and Wind installed capacity on i)

DH network (npy)-
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ii) cost per dwelling and iii) energy efficiency of the

USED IN DWELLINGS

STCs penetration into dwellings

YETSTCowerungs 50%
%FPSTC 50%
Area of STC per dwelling (m?) 2
HPs penetration into dwellings

%ASHP 50%
%GSHP 50%
USED IN LTWT

Use HTHPs powered by PV? YES
Use HTHPs powered by Wind? YES
Use ETSTCs? YES
LTWT

T charging LrwT (°C) 80
V qwr (m3) 2500




WP3. Results: Effect of PV and Wind installed capacity on
DH network (npy)-

I) Ademand-production'

ii) cost per dwelling and iii) energy efficiency of the

Ademam:l-productian (kwh)
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Wind installed capacity (MW)

01/11/2019 ..
01/12/2019

PV

ain parameters

IN DWELLINGS
)enetration into dwellings
‘Cowerunes 50%
'C 50%
|average = 14.13% f STC per dwelling (m?) 2
2netration into dwellings
P 50%
P 50%
Average = 33.12% IN LTWT

THPs powered by PV? YES
THPs powered by Wind? YES
[STCs? YES

rwT

E T charging LrwT (°C) 80 E

v" Minimum cost per dwelling and maximum energy efficiency obtained in 4 ,.,,.414 production < 0 ZONe When using just Wind and not using PV (BUT using the other
solar-based source considered in this study: STCs)

v This is due to the much higher capacity factor of Wind compared with that of PV in Loughborough for the time-period considered.



WP3. Results: Effect of i) heat sources used to charge LTWT, ii) V \rand iii) Ty, eing ,rwr ON the cost per dwelling.

8400
BV 7 = 2500 m®
8200 - ® V 7 =5000m3
AV 7 =7500 m?
8000 A
< 7800 -
(@)
=
o 7600 -
s A
©
o 7400 -
o
S 7200 - ‘o,
O h = ~
7000 - e e ..
6800
6600 T T T T T T T T T
50 60 70 80 90

T charging LTWT (OC)

RHSs main parameters

USED IN DWELLINGS

STCs penetration into dwellings

%FPSTC 50%
Area of STC per dwelling (m?) 2

HPs penetration into dwellings

%ASHP 50%
%GSHP 50%
USED IN LTWT

Use HTHPs powered by PV? NO
Use HTHPs powered by Wind? YES
Use ETSTCs? NO

v The cost decreases with T ;.. .o 7wt @and V 7 Up to ca. 5000 m3, due to a larger storage capacity available which leads to a less heat sources capacity needed

to fully meet demands.




WP3. Results: Effect V|1,; on the cost per dwelling.

Total cost of DH network
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3500 ¢
3750
4250
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5000

5750

v A minimum cost was obtained for V,;,,; = 4600 m3.

v Larger volumes leads to an increase of the cost due
to the higher increment of cost of the LTWT

comparing with the reduction of the cost of RHSs.

RHSs main parameters

USED IN DWELLINGS
STCs penetration into dwellings
SETSTCoweruines 50%
%FPSTC 50%
Area of STC per dwelling (m?) 2
— = \in dawellings HPs penetration into dwellings
e %ASHP 50%
. LT %GSHP 50%
e o USED IN LTWT
. zss::: Use HTHPs powered by PV? NO
S —— Use HTHPs powered by Wind? YES
Use ETSTCs? NO
LTWT
T charging LTwT (°C) 80




WP3. Results: Effect V1, on the cost per dwelling.

Total cost of DH network

per dwelling (£)

Cost per dwelling (£)
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Max
Max

Max

Max

. = 313500 kWh
. = 306533 kWh

. = 243833 kWh

. = 209000 kWh

T V_mwr=3000 m3

TV qyr = 3500 mB

T Viqwr=4000 m?

V, rwr = 4300 m?

Vwr = 4400 m?

T V_qwr= 4500 m®

V, rwr = 4600 m?
Vi wr = 4700 m®

V_rwr = 5000 m3

s obtained for V;,,; = 4600 m3.

Is to an increase of the cost due
ent of cost of the LTWT

reduction of the cost of RHSs.

barameters

IELLINGS

ation into dwellings

LINGS 50%
50%
per dwelling (m?) 2

ition into dwellings

50%
50%
VT
sJowered by PV? NO
sowered by Wind? YES
] NO

TES main parameters

LTWT

T charging LTWT (oc) 80




WP3. Results: Effect of i) heat sources used to charge LTWT, ii) Vqyyand iii) Top,reing rwr ON the energy efficiency of the DH

network (npy)- V,ryr = 2500 m? V, 1y = 5000 m?
82 A v . =2500m° PR . :
V' Vipur = 5000 m? w .. ’ : Y
804 & v, =7500m* ‘ < i
78
2 'S
76 - v * ¥ b 4
. v
S 74 -
3
T 72-
70 - "
i A A :
68 - A RHSs main parameters
i A USED IN DWELLINGS
A
66 - STCs penetration into dwellings
I ' I ' I ' I ' I
50 60 70 80 90 SETSTCowerunes 50%
Tcharging LTWT (°C) %FPSTC 50%

Area of STC per dwelling (m?) 2

HPs penetration into dwellings

V' ForaVinyr = 2500 m3, np,, increases with 1 .. ging rwr due to more
storage room available at the tank and therefore less heat wasted due

: : %ASHP 50%
to maximum capacity reached at the store.
%GSHP 50%
For larger V ;7 (>5000 m3) np,, decreases with T ., ing irwr due to USED IN LTWT

more heat losses at the tank as a result of both i) tank not fully filled
with hot water and ii) higher exposed surface of the tank. Use HTHPs powered by PV? NO

Use HTHPs powered by Wind? YES
Use ETSTCs? NO




WP3. Results: Effect of STC’s area per dwelling on the cost.

[
\ RHSs main parameters

USED IN DWELLINGS

STCs penetration into dwellings

7900 BETSTCowerungs 50%
7860 %FPSTC 50%
7820 HPs penetration into dwellings
7780
7740 %ASHP 50%
7700 %GSHP 50%
7660 USED IN LTWT
=) 7620 Use HTHPs powered by PV? NO
=X 7580
g 7540 Use HTHPs powered by Wind? YES
8. 7500 Use ETSTCs? YES
4@ 7460
E 7420 .
7380 TES main parameters
7340 LTWT
7300 V irwr (mM?) 5000

Minimum cost operating conditions
T charging LTWT (°C)
STC area per dwelling (m?)

Cost DH per dwelling (£)

v" The minimum cost is obtained when using an area of STC =2 m? per
dwelling and a charging temperature for LTWT of ca. 70°C.




WP3. Results: Effect of STC’s area per dwelling on the cost.

v When not using STCs in dwellings, a small
installed capacity of PV (compared with that
of Wind) is required to fully meet domestic
heat loads at the beginning of the time-
period considered for the simulation (June
2018), due to both low Wind-based power

production efficiency in this period of the
year and none heat stored at TES at the
beginning of the simulation.
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Assumed STC area per dwelling = 1 m?
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Tcharging LTWT (OC)

Assumed STC area per dwelling = 3 m?
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AN
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Tcharging LTWT (OC)

A
v
¢ GSHPs
<
»

> —®— WIND (dwellings)
e > i — ~-® - WIND (LTWT)

-~ ETSTC (LTWT)
- ASHPs

HTHPs
“ TOTAL

Within the range 50-70°C, the increase of the T, ..., .rwr implies a decrease of the cost due to the higher storage capacity available in LTWT which leads

to less RHSs needed to meet demands.

Teharging rwr > 70°C results in a increase of the total cost due to the higher increase of the cost of the RHSs needed to lift the temperature of water before

charging the LTWT than the decrease of the cost of RHSs needed to meet domestic demands.



WP3. Results: Effect of STC’s area per dwelling on npy,.

RHSs main parameters

USED IN DWELLINGS
STCs penetration into dwellings
KETSTCowerunes 50%
%FPSTC 50%
76.84 HPs penetration into dwellings
76.34 %ASHP 50%
7584 %GSHP 50%
75.34 USED IN LTWT
ra.8d4 Use HTHPs powered by PV? NO
4.4 Use HTHPs powered by Wind? YES
73.84
7334 Use ETSTCs? YES
72.84
71.84 LTWT
71.34 V iwr (m?) 5000

v" The maximum efficiency is obtained when using an area of STC=0

m? per dwelling and a charging temperature for LTWT of ca. 70°C.




WP3. Results: Effect of STC’s area per dwelling on npy,.

STC area per dwelling =/022»’ T~ ) STC area per dwelling = 1'“2/ T ' T RHSs main parameters

USED IN DWELLINGS

STCs penetration into dwellings
%FPSTC 50%

HPs penetration into dwellings

%ASHP 50%
%GSHP 50%
USED IN LTWT

Use HTHPs powered by PV? NO

Use HTHPs powered by Wind? YES

Use ETSTCs? YES

LTWT

V irwr (mM?) 5000

The maximum efficiency obtained when using an area
of STC = 0 m? per dwellingand a T ;i ;rwr = 70°C is

due to the lower heat wasted due to maximum storage
capacity reached in all TES, as a result of the low heat
production by RHSs at these conditions.



WP3. Results: Optimum results.

Simulation operating conditions

Results

System used to lift T

RHSss used in

RHSss used in LTWT

before LTWT dwellings
HTHP Domestic
Tchamging,_m,T Viwr e STCs Now Adem_prod PV WIND PV WIND HTHP ETSTC Cost
(m?2 per (vearly (yearly average
(°C) (m3) PV Wind dwelling) average, KWh) g (A (MW)  (MW) (MW) (m?) (£)
%)
TOTAL -190.8 0 0.1720 0 0.0209 0.449 569 £1912433
70 5000 YES NO YES 2 75.2 Per
-0.7 0 6.56E-04 0 7.98E-05 1.71E-03 2.17 £7299

dwelling




Main conclusions:

Methodology:

A cost-optimisation study of a simulated DH network at the town of Loughborough, UK, for the time period comprised between 01/06/2018 00:00 to
31/12/2019 23:00, was undertaken.

A parametrical analysis of the effect of different operating parameters of the DH network such as i) Vi and ii) Tpareing rwr ON the cost per dwelling and ng,,
was carried out.

For each case-scenario the results were obtained by modifying both WINDycings aNd PVyyeiiings installed capacity in order to ensure domestic heat loads to be
met for the whole time-period considered at the minimum cost.

The results showed that:

1.

HPs powered by Wind energy and an average of STC’s area = 2 m? per dwelling are the best option to provide heat to dwellings in the Loughborough area for
the time-period considered.

A minimum cost of £7023 per dwelling and a np,, = 74.39% were obtained at the optimum conditions.

In general terms, an increase of the Ty, ine iwr F€duces the cost per dwelling and increases the overall efficiency of the system, due to a larger storage
capacity of the LTWT, which leads to a less heat sources capacity needed to fully meet demands and less heat wasted.

The increase of the V5,1, Up to 4600 m3reduces the cost per dwelling, again due to increase of the heat storage capacity available in the LTWT which leads to
less RHSs installed capacity needed to fully meet demands. Volumes larger than 4600 m3 lead to an increase of the total cost due to the higher increment of
cost of the LTWT comparing with the reduction of the cost of RHSs.



