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Low Temperature Heat recovery and Distribution Network Technologies (LoT-NET)

Main objectives:

 To develop a spatial and temporal simulation tool that can be used to simulate a smart thermal network
interacting with storage and thermal transformation technologies, which will allow the adoption of 4th

generation district heating concept based on low/zero carbon heat sources.

i. Determine and geographically map the heat demand and available heat resources and how they
vary in time within an area. Obtain heat demand time resolved data (for different areas) and heat
production time resolved data (for different heat resources, focusing in low carbon heat
resources).

ii. Develop a model for a heat network based on low carbon heat sources.
iii.Apply the developed model to 3 selected regions: Loughborough, Bunhill and Coleraine.

 Prototype a range of alternative systems utilising chemical, phase change material or sensible heat for both
the distribution and storage of energy.
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Obtained with on-line tool Renewables.ninja developed by Staffell and 
Pfenninger1-2. The tool allows to obtain different historic hourly weather 
data for a given location: 

i. temperature (°C), 
ii. precipitation (mm/h), 
iii. snowfall (mm/h), 
iv. snow mass (amount of snow per land area, kg/m²), 
v. ground-level solar irradiance (W/m2), 
vi. top of atmosphere solar irradiance (W/m²), 
vii. cloud cover fraction and air density (kg/m3). 

The data are taken from the MERRA-2 reanalysis.

1 S. Pfenninger, I. Staffell, Long-term patterns of European PV output using 30 years of validated hourly reanalysis and satellite data, Energy. 114 (2016) 1251–
1265. doi:10.1016/J.ENERGY.2016.08.060.
2 I. Staffell, S. Pfenninger, Using bias-corrected reanalysis to simulate current and future wind power output, Energy. 114 (2016) 1224–1239. 
doi:10.1016/J.ENERGY.2016.08.068.

https://www.renewables.ninja/
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The on-line tool Renewables.ninja can be used to directly estimate the 
hypothetical hourly capacity factor that could be achieved in a given 
location by using Solar Photovoltaic (SPV) panels and Wind turbines. 
Some variables can be modified also, such as :

i. System loss fraction
ii. Tilt
iii. Azimuth angle

For the SPV panels and:

i. Hub height 
ii. Turbine model

For the Wind.

1 S. Pfenninger, I. Staffell, Long-term patterns of European PV output using 30 years of validated hourly reanalysis and satellite data, Energy. 114 (2016) 1251–
1265. doi:10.1016/J.ENERGY.2016.08.060.
2 I. Staffell, S. Pfenninger, Using bias-corrected reanalysis to simulate current and future wind power output, Energy. 114 (2016) 1224–1239. 
doi:10.1016/J.ENERGY.2016.08.068.

https://www.renewables.ninja/


Simplified framework for the model

Stage 1

W
EA

TH
ER

 a
t 

h
o

u
r 

i

Heat demand at hour i 𝑯𝑫𝒊 =෍

𝒋=𝟏

𝟒

𝑯𝑳𝒊𝒋 +𝑯𝒉𝒘𝒊
+𝑯𝑳𝒗𝒊 −𝑯𝑮𝒊

𝐻𝐿𝑖𝑗 are the hourly heat losses through fabric at t = i of the part of the 

dwelling j (where j = 1…4, being 1 = walls, 2 = floor, 3 = ceiling and 4 = 
glazing) (kWh)

𝐻ℎ𝑤𝑖
is the hourly heat demand originated from tap water heating (kWh)

𝐻𝐿𝑣𝑖 are the hourly heat losses due to ventilation (kWh)

𝐻𝐺𝑖 are the hourly heat gains due to: 

1. Occupancy

2. Solar heat gains



Hourly heat losses through fabric 𝑯𝑳𝒊𝒋 = 𝑼𝒋 ∙ 𝑨𝒋 ∙ 𝑻𝒊𝒏 − 𝑻𝒐𝒖𝒕𝒊

Hourly heat losses due to ventilation 𝑯𝑳𝒗𝒊 =
𝝆𝒂𝒊𝒓 ∙ 𝑪𝒑𝒂𝒊𝒓 ∙ 𝑯𝑽 ∙ 𝑻𝒊𝒏 − 𝑻𝒐𝒖𝒕𝒊 ∙ 𝑵𝒂𝒊𝒓

𝟑𝟔𝟎𝟎

𝑯𝑳𝒊𝒋 are the heat losses at t = i of the part of the dwelling j (where j = 1…4, being 1 = walls, 2 = floor, 3 = ceiling and 4 = glazing) (kWh)

Uj is the U-value or thermal transmittance of the part of the dwelling  j (W/m2 K)

Aj is the area of the part of the dwelling j (m2)

Tin is the desired temperature inside the dwelling or the space heating control set point, and was assumed to be 21 °C (typical of that seen in UK housing 
[7])

𝑻𝒐𝒖𝒕𝒊 is the outdoors temperature at t = i (obtained with the on-line tool Renewables.ninja) 

ρair is the density of the air inside the house (1.225 kg/m3 at 20°C), 

Cpair is the specific heat capacity of the air (1 kJ/kg K), 

HV is heated volume of the dwelling (which is obtained from the dimensions showed in Table 2 for every type of dwelling, m3)

Nair is the number of air changes per hour, which is taken from Table 1 for every type of dwelling.

Heat demand calculation. Heat losses through fabric and due to ventilation: Equations 



Floor area (m2 )[1] Heated volume (m3)[1] Total windows area (m2)1 Width (m)2

Detached 136 286 34.00 10

Semi-detached 87 186 21.75 10

Terraced 57 142 14.25 10

Flat 56 140 14.00 10

Basic U-value 
(W/m2 K) [1]

Improved U-value 
(W/m2K) [1]

External wall 0.45 0.11

Floor 0.60 0.10

Ceiling 0.25 0.13

Glazing 2.94 0.70

Infiltration (air changes per hour) 0.50 0.06

1 Assumed as a 25% of the floor area, according to [2]
2 Assumed values.

[1] J. Allison, K. Bell, J. Clarke, A. Cowie, A. Elsayed, G. Flett, G. Oluleye, A. Hawkes, G. Hawker, N. Kelly, M.M.M. de Castro, T. Sharpe, A. Shea, P. Strachan, P. Tuohy, Assessing domestic 
heat storage requirements for energy flexibility over varying timescales, Appl. Therm. Eng. 136 (2018) 602–616. doi:10.1016/J.APPLTHERMALENG.2018.02.104.
[2] UK goverment, Approved Document L1B: conservation of fuel and power in existing dwellings, 2010 edition (incorporating 2010, 2011, 2013, 2016 and 2018 amendments), n.d. 
https://www.gov.uk/government/publications/conservation-of-fuel-and-power-approved-document-l (accessed November 12, 2019).

Heat demand calculation. Heat losses through fabric and due to ventilation: Assumptions



Heat demand calculation. Heat demand originated from tap water heating 

Hot-water daily consumption profile. Adapted from [3].

𝑯𝒉𝒘𝒊
=
𝑽𝒉𝒘𝒊

𝝆𝒘𝒂𝒕𝒆𝒓𝑪𝒑𝒘𝒂𝒕𝒆𝒓 𝑻𝒔𝒖𝒑𝒑𝒍𝒚 − 𝑻𝒓𝒆𝒕𝒖𝒓𝒏 ൗ𝑵𝒐𝒄𝒄
𝟒

𝟑𝟔𝟎𝟎 ∙ 𝟏𝟎𝟎𝟎

𝑽𝒉𝒘𝒊
is the volume of hot water consumed per 4 person and per hour 

at t = i (l/h per 4 person),

ρwater is the density of water (kg/m3), 

Cpwater is the specific heat of water (kJ/kg K), 

𝑻𝒔𝒖𝒑𝒑𝒍𝒚 temperature of the water in the supply pipe (°C), 

𝑻𝒓𝒆𝒕𝒖𝒓𝒏 temperature of the water in the return pipe (°C) and 

𝑵𝒐𝒄𝒄 is the number of occupants.

[3] S.A. Kalogirou, S.A. Kalogirou, Solar Water Heating Systems, Sol. Energy Eng. 
(2009) 251–314. doi:10.1016/B978-0-12-374501-9.00005-4



Heat demand calculation. Solar heat gains

𝑯𝑮,𝒊 = 𝑨𝒘𝜶𝑭𝒄 ഥ𝒇𝒊𝝉𝒃𝑰𝒃,𝒊𝑹𝒃 + 𝝉𝒅𝑭𝒓𝒔𝑰𝒅,𝒊 +
𝝆

𝟐
𝝉𝒈𝑰𝑻,𝒊

Dwelling orientation South-facing windows (50%)

Lougborough latitude 52,8°

Ground reflectance (ρ) 0,20

Control function (𝑭𝒄) 1

Reflectance of the room surfaces (ιR) 0,60

Transmittance for beam radiation (τb) 0,71

Transmittance for diffuse and ground-reflected (τd and τg) 0,64

Radiation view factor between receiver and sky (Frs) Calculated from the dimensions of the window and 
overhang (using Tables at Duffie and Beckman, 1980)

Ratio of total beam radiation on a vertical surface during a month to that 
on a horizontal surface during the same month (ഥ𝑹𝒃)

Estimated for every month as a function of latitude from 
Figures at Duffie and Beckman, 1980.

Ratio of total beam radiation on the shaded receiver during a month to
that on the unshaded receiver in same month (ഥ𝒇𝒊)

Calculated from dimensions of window and overhang
(using Tables at Duffie and Beckman, 1980)

Ib,i, Id,i and IT,i are, respectively, the hourly daily beam, diffuse and total 
solar radiation per unit area on a horizontal surface (W/m2)

Obtained by renawables.ninja



Heat demand calculation. Solar heat gains

𝑯𝑮,𝒊 = 𝑨𝒘𝜶𝑭𝒄 ഥ𝒇𝒊𝝉𝒃𝑰𝒃,𝒊𝑹𝒃 + 𝝉𝒅𝑭𝒓𝒔𝑰𝒅,𝒊 +
𝝆

𝟐
𝝉𝒈𝑰𝒊

Detached Semi-detached Terraced Flat

Relative width of window (width/height) ≈4,0 ≈4,0 ≈4,0 ≈4,0

Relative projection of overhang (projection overhang/height
window)

≈0,5 ≈0,5 ≈0,5 ≈0,5

Overhang: position above the window (m) 0,4 0,4 0,4 0,4

Extensions (m) 0,0 0,0 0,0 0,0

α is the effective absorptance of the window/room combination, calculated as 𝛼 = 1 −

𝜏𝑏𝜄𝑅𝐴𝑤
𝐴𝑅

1−𝜄𝑅 1−
𝐴𝑤
𝐴𝑅

[where ιR is the reflectance of 

the room surfaces, assumed as 0.6 (0.9 can be used for clean white surfaces, 0 for black surfaces) and AR is the room surface area 
(walls, floor, ceiling)]

𝜶 = 𝟏 −

𝝉𝒃𝜾𝑹𝑨𝒘
𝑨𝑹

𝟏 − 𝜾𝑹 𝟏 −
𝑨𝒘
𝑨𝑹
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Heat demand calculation. Solar heat gains

I. Solar heat gains higher in the 

winter due to a lower sun position 

in the sky and therefore lower 

incidence angle of the sun on 

south-facing windows.

II. Solar heat gains higher in detached 

houses due to a bigger windows 

area in these dwellings.



Heat demand calculation. Heat gains due to occupancy

SOURCE: Chartered Institution of Building Services Engineers (CIBSE), http://www.cibse.org/getattachment/Knowledge/CIBSE-Guide/CIBSE-Guide-A-
Environmental-Design-NEW-2015/Guide-A-presentation.pdf.aspx
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AIR SOURCE HEAT PUMPS 
(50%)

WATER SOURCE HEAT PUMPS 
(50%)

HEAT

i. SOLAR PHOTOVOLTAIC

ii. WIND ONSHORE

iii. SOLAR THERMAL

iv. WASTE HEAT 

v. BIOMASS

Simplified framework for the model



Heat output produced by heat pumps powered by SPV and Wind turbines

platform used to obtain the hourly weather data (Renewables.ninja) can be used to directly estimate the hypothetical

𝑷𝒐𝒖𝒕𝒑𝒖𝒕 𝑺𝑷𝑽+𝑾 𝒊
= 𝑪𝑭 𝑺𝑷𝑽+𝑾 𝒊

∙ 𝑪𝒐𝒖𝒕𝒑𝒖𝒕 𝑺𝑷𝑽+𝑾

Renewables.ninja
Hourly capacity factor 
for SPV and Wind (%)

Assumed 
capacity for SPV 
and Wind (MW)

Hourly power output produced 
by SPV and Wind (kWh), Poutput

(SPV+W),i

Tair,i (°C)

Twater,i (°C)

Data supplied by 
manufacturers (a0, a1

and a2)

𝑪𝑶𝑷 = 𝒂0 + 𝒂1∆𝑻 + 𝒂2∆𝑻
2

Twater in pipes= 35°C Tair, home = 21°C

CoPWSHP,i CoPASHP,i

Hourly heat output produced 
by SPV and Wind (kWh)

𝑪𝒐𝑷𝒊 =
𝑯𝒐𝒖𝒕𝒑𝒖𝒕 𝑯𝑷,𝒊

𝑷𝒐𝒖𝒕𝒑𝒖𝒕 𝑺𝑷𝑽+𝑾 ,𝒊



Heat output produced by Solar thermal Collectors

platform used to obtain the hourly weather data (Renewables.ninja) can be used to directly estimate the hypothetical

Renewables.ninja

𝜼𝑺𝑻𝑪,𝒊 = 𝜼𝟎 − 𝒌𝟏
𝑻𝒔𝒖𝒑𝒑𝒍𝒚,𝒘𝒂𝒕𝒆𝒓 − 𝑻𝒂𝒊𝒓,𝒊

𝑰𝑮𝑳,𝒊
− 𝒌𝟐

𝑻𝒔𝒖𝒑𝒑𝒍𝒚,𝒘𝒂𝒕𝒆𝒓 − 𝑻𝒂𝒊𝒓,𝒊
𝟐

𝑰𝑮𝑳,𝒊

𝜼 =
𝑯𝑺𝑻𝑪

𝑨𝒄𝑰𝑮𝑳,𝒊

Tair,i IGL,i

Hourly collector efficiency, ηSTC,i

Data supplied by 
manufacturers (η0, 
k1 and k2)

Hourly heat output produced 
by STC (kWh)

Collector η0 k1 k2

FPC [4] 0.775 3.73 0.0152

ETC [4] 0.75 1.18 0.0095
[4] Kingspan Water & Energy | Home | Kingspan | Great Britain, (n.d.). 
https://www.kingspan.com/gb/en-gb/about-kingspan/kingspan-water-energy 
(accessed November 12, 2019).

Ac, assumed 2 m2 per dwelling



Name Technology Capacity (MW) Date operational Totals (MW)
A C Shropshire (Farm AD) Anaerobic Digestion 2 14/05/2013
Colwick Industrial Estate (Farm and Food waste) Anaerobic Digestion 2 30/09/2014
Stoke Bardolph energy crop (Farm AD) Anaerobic Digestion 2 10/07/2010 6
Green's Lodge Farm Biomass (dedicated) 2 14/05/2013 2
Mountsorrel Landfill Site Landfill gas 1.6 01/05/1996
Enderby Warren Phase II Landfill gas 4.9 01/06/1999
Narborough Landfill Landfill gas 2.7 11/03/2005
Bradgate Quarry Landfill Gas Scheme Landfill gas 2.5 01/08/1998
Lount/Smoile Landfill gas 1.1 21/07/2003

Bretby Power Landfill gas 1.6 01/09/2001
Dorket Head Landfill gas 2.8 01/02/2005
Burntstump Landfill Scheme Landfill gas 1.8 15/04/1999 19
Beeston Weir Hydro Scheme Small hydro 1.7 01/02/2000 1.7
East Midlands Distribution Centre Solar photovoltaics 6.1 02/03/2015
Walnut Yard (Phase 1) Solar photovoltaics 1.8 31/03/2015
Radcliffe Solar Farm Solar photovoltaics 4.2 13/06/2015
Wymeswold Airfield Solar photovoltaics 34 28/03/2013
Six Hills Solar Farm Solar photovoltaics 18.7 24/03/2015
Prestop Park Farm Solar photovoltaics 16 21/03/2015
Packington Solar Farm Solar photovoltaics 13.9 16/03/2015

Toyota Solar Farm Solar photovoltaics 4.6 25/07/2011
Atherstone Solar photovoltaics 14.7 31/03/2015
The Stables Solar photovoltaics 1.8 22/08/2014
Gedling Solar Farm Solar photovoltaics 5.6 15/03/2015 121.4
East Midlands Airport Wind Onshore 1 10/05/2011
Severn Trent STW Wind Onshore 2.5 26/02/2014
Newthorpe Wind Turbine Wind Onshore 2.5 08/04/2014
Low Spinney Wind Farm Wind Onshore 8 29/09/2011 14

TOTAL 164.1
NO RENEWABLES
Ratcliffe Coal 2000 1968
TOTAL 2000MW

TOTAL (OVERALL) 2164.1

SUMMARY RENEWABLES (and non renewables) AVAILABLE NEAR LOUGHBOROUGH (30 KM RADIUS). 

SOURCE: https://www.carbonbrief.org/mapped-how-the-uk-generates-its-electricity



Simplified framework for the model

𝑯𝑳𝒑,𝒙 𝒕𝒐 𝒚,𝒊 = 𝟐 ∙ 𝝅 ∙ 𝝀 ∙ 𝑳𝒙 𝒕𝒐 𝒚 ∙
𝑻𝒊𝒏 − 𝑻𝒐𝒖𝒕,𝒊

𝒍𝒏
𝒓𝒐𝒖𝒕
𝒓𝒊𝒏

Pipes characteristics

Din (m) 0.0091

Dout (m) 0.011

Insulation material AluFlex2

λ (W/m K) 0.0232

Tsupply (°C) 50

Treturn (°C) 35

Length (m) To be decided1 Assumed values
2 M. Brand, J.E. Thorsen, S. Svendsen, Numerical modelling and 
experimental measurements for a low-temperature district heating 
substation for instantaneous preparation of DHW with respect to service 
pipes, Energy. (2012). doi:10.1016/j.energy.2012.02.061.
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PCM: Sodium acetate trihydrate1 TCS: MgSO4 + zeolite2 Sensible: Water

Density (kg/m3) 1450 Density (kg/m3) 1453 Density (kg/m3) 1000

Latent heat (h, kJ/kg) 180 Reaction enthalpy (ΔHr, KJ/Kg) 708 Specific heat (kJ/kg K) 4.18

Specific heat of liquid (kJ/kg K) 3.35 Conversion achieved (xr %) 13 Cost (£/kg)

Specific heat of solid (kJ/kg K) 1.97 Cost (£/kg)

Temperature of solid (cold) (°C) 303

Temperature of liquid (hot) (°C) 703

Melting/freezing point (°C) 58

Cost (£/kg) 0.081

Main properties of TES materials.

1 M. Kenisarin, K. Mahkamov, Salt hydrates as latent heat storage materials: Thermophysical properties and costs, Sol. Energy Mater. Sol. 
Cells. 145 (2016) 255–286. doi:10.1016/J.SOLMAT.2015.10.029.
2 D. Mahon, P. Henshall, G. Claudio, P.C. Eames, Feasibility study of MgSO4 + zeolite based composite thermochemical energy stores 
charged by vacuum flat plate solar thermal collectors for seasonal thermal energy storage, Renew. Energy. 145 (2020) 1799–1807. 
doi:10.1016/J.RENENE.2019.05.135.
3 Assumed values.

THERMAL ENERGY STORAGE



Sensible Latent Sensible Thermochemical storage

Small Water Tanks 

(SWT)

Phase Change Materials

(PCM)

Big Water Tank

(BWT)

Thermochemical Storage 

(TCS)

Maximum volume allowed (m3)1 1 1 500000 1

Temperature charging (°C) 80 80 80 120

Temperature discharging (°C) 80 T range available 80 T range available

Storage capacity (kWh)1 26 55 52250000 143

Initial energy stored (kWh) 0 0 0 0

THERMAL ENERGY STORAGE Main assumptions referred to TES devices.

1 The maximum volume allowed when referring to SWT,
PCM and TCS is the volume per every 2 dwellings,
whereas when referring to BWT the maximum volume is
the volume of the whole single unit.
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 Number of dwellings of each type with 

similar characteristics: 10000;

 Number of person living in the dwelling: 4;

 Heating hours: 7 am - 9 am, 5 pm - 9 pm;

 Working hours: 8 am to 5 pm;

 No heat demand originated from tap water 

heating considered here.

 Temperature inside dwelling = 21°C

 Assuming improved U-vales for the fabric.

RESULTS



 Number of dwellings of each type with 

similar characteristics: 10000;

 Number of person living in the dwelling: 4;

 Heating hours: 7 am - 9 am, 5 pm - 9 pm;

 Working hours: 8 am to 5 pm;

 No heat demand originated from tap water 

heating considered here.

 Temperature inside dwelling = 21°C

 Assuming basic U-vales for the fabric.

RESULTS
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RESULTS
The Big Water 
Tank help to meet 
heat demands in 
winter and 
autumn months. 

High number of heat charges to Big 
Water Tanks in summer months, due to 
both lower demand and higher heat 
production in these months
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Type of dwelling: detached
Number of dwelling with same characteristics: 10000
Number of person living in the dwelling: 4
Heating hours: 7 am - 9 am, 5 pm - 9 pm
Working hours: 8 am to 5 pm
No heat losses in pipes considered for SWT, PCM and TCS
Distance from BWT to dwellings (pipes above the ground): 1000 m
No heat losses in stores considered yet
Temperature inside dwelling = 21°C.
Just ETSTC considered. 

PCMs start being charged in the 
spring months, due to SWT 
reaching maximum capacity



RESULTS
The Big Water 
Tank help to meet 
heat demands in 
winter and 
autumn months. 

The low heat demand in flats leads to 
maximum capacity reached in SWT, 
PCM and BWT in summer months and 
therefore TCS are started to being 
charged.
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Type of dwelling: flat
Number of dwelling with same characteristics: 10000
Number of person living in the dwelling: 4
Heating hours: 7 am - 9 am, 5 pm - 9 pm
Working hours: 8 am to 5 pm
No heat losses in pipes considered for SWT, PCM and TCS
Distance from BWT to dwellings (pipes above the ground): 1000 m
No heat losses in stores considered yet
Temperature inside dwelling = 21°C.
Just ETSTC considered. 
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RESULTS
Type of dwelling: flat
Number of dwelling with same characteristics: 10000
Number of person living in the dwelling: 4
Heating hours: 7 am - 9 am, 5 pm - 9 pm
Working hours: 8 am to 5 pm

No heat losses in pipes considered for SWT, PCM and TCS
Distance from BWT to dwellings (pipes above the ground): 1000 m
No heat losses in stores considered yet
Temperature inside dwelling = 21°C.
Just ETSTC considered. 
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PCMs start charging 
when maximum capacity 
is reached in SWTs

BWT starts charging 
when maximum capacity 
is reached in SWTs and 
PCMs

TCS devices start charging when maximum capacity 
is reached in SWTs, PCMs and BWT



FUTURE WORK

i. Identify possible sources of waste heat near Loughborough.

ii. Assume biomass-source heat production capacity (MW).

iii. Introduce heat losses in stores (kWh).

iv. Find a detailed profile for domestic hot water consumption.

v. Calculate friction losses in pipes. 

vi. Consider profiles when discharging some TES materials (PCMs).

vii. Find cost of the different materials and technologies in order to carry out a proper study.

viii. Decide lengths of pipes for the different sections of the District Heating. Decide if pipes will be underground or above the ground. 

ix. Include different profiles for dwellings.

[1] J. Allison, K. Bell, J. Clarke, A. Cowie, A. Elsayed, G. Flett, G. Oluleye, A. Hawkes, G. Hawker, N. Kelly, M.M.M. de Castro, T. Sharpe, A. Shea, P. Strachan, P. Tuohy, Assessing domestic heat storage requirements for 
energy flexibility over varying timescales, Appl. Therm. Eng. 136 (2018) 602–616. doi:10.1016/J.APPLTHERMALENG.2018.02.104.



FUTURE WORK

x. Detailed spatial/temporal model for district heating networks including thermal storage.

xi. Produce results and validate the model.



Simulation of a 4th generation district 
heating network operating with 
renewable heat sources and TES 

technologies
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ANY (EASY) 
QUESTIONS?



Hreni – HDi –
HLpren to dwe,i > 0?

NO SWTi-1 + HR0,i –
HLpSWT to dwe,i -
HLstoPCM > 0?

SWTi-1

NO Heat to be supplied 
by other technologies 
= - HR4,i

Hour i

PCMi-1 BWTi-1 TCSi-1

NO NO

NO

BWTi-1 + HR2,i –
HLpren to BWT,i -
HLstoBWT > 0?

PCMi-1 + HR1,i –
HLpPCM to dwe,i -
HLstoPCM > 0?

TCSi-1 + HR3,I –
HLpTCS to dwe,i

-HLstoTCS > 0?

SWTi = SWTi-1

PCMi = PCMi-1 + HSi +Hadd - HLpren to PCM,i - HLstoPCM

BWTi = BWTi-1

TCSi = TCSi-1

Discharge Discharge DischargeDischarge

Heat 
demand

Heat Pumps

Heat losses in pipes

Weatheri

HDi

Dwellings characteristics
SWTi = SWTi-1 + HSi +Hadd - HLpren to SWT,i - HLstoSWT

PCMi = PCMi-1

BWTi = BWTi-1

TCSi = TCSi-1

+                 Technology Readiness Level                 -

- Distance from dwellings                  +

HLpi

SWTi-1 + HSi + Hadd –
HLpren to SWT,i –

HLstoSWT> Cmax(SWT)? YES YES

BWTi-1 + HSi + Hadd –
HLpren to BWT,i –

HLstoBWT > Cmax(BWT)? YES

TCSi-1 + HSi + Hadd –
HLpren to TCS,i –

HLstoTCS > Cmax(TCS)?

YES YES YES YES

NOSWT Charging

YES
Heat wasted

YES
(Scenario 2)

SWTi = 0
PCMi = PCMi-1 + HR1,i – HLpPCM to dwe,i -HLstoPCM

BWTi = BWTi-1

TCSi = TCSi-1

SWTi = SWTi-1 + HR0,i – HLpSWT to dwe,i -HLstoSWT

PCMi = PCMsi-1

BWTi = BWTi-1

TCSi = TCSi-1

SWTi = 0
PCMi = 0
BWTi = BWTi-1 + HR2,i – HLpBWT to dwe,i -HLstoBWT

TCSi = TCSi-1

SWTi = 0
PCMi = 0
BWTi = 0
TCSi = TCSi-1 + HR3,i– HLpTCS to dwe,i -HLstoTCS

To Hour i +1

SWTi = 0
PCMsi = 0
BWTi = 0
TCSi = 0

SWTi = SWTi-1

PCMi = PCMsi-1

BWTi = BWTi-1 + HSi + Hadd - HLpren to BWT,i - HLstoBWT

TCSi = TCSi-1

SWTi = SWTi-1

PCMi = PCMsi-1

BWTi = BWTi-1

TCSi = TCSi-1 + HSi + Hadd - HLpren to TCS,i - HLstoTCS

To Hour i +1

NOPCMs charging NOBWT charging NOTCS charging

SWTi = SWTi-1

PCMi = PCMi-1

BWTi = BWTi-1

TCSi = TCSi-1

Pipes characteristics: Length, diameter, 
thickness, k-value, fluid temperature.

PCMi-1 + HSi + Hadd –
HLpren to PCM,i –

HLstoPCM > Cmax(PCMs)?

SPV Wind

STC

Hreni (Scenario 1)

HR1,i HR2,i HR3,i HR4,i

Hreni – HDi – HLpren to dwe,i = HR0,i

Hreni – HDi – HLpren to dwe,i = HSi

Waste 
heat

Hadd
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