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3/58 Energy consumption

Chap 1. Introduction and Literature Review

60%19%

14%

4%3%

Space heaitng

Water heating

Appliances

Lighting

Space cooling

Table:1 Space heating by fuel. 

Fuel types DHW Space

heating

Natural gas 68% 50%

Electricity 29% 25%

Heating oil 2% 7%

Wood 1% 17%

Other 2% 1%

Natural Resource Canada (NRCan) 

6 million tons of CO2 to Canada's GHG every year

Residential consumers are consuming about 16%
In 2020, solar electricity production is nearly 1% of the total 

electricity generation and almost 6300 MW.

Canada plans to reduce its GHG emissions by 30% below 2005 levels by 2030[2]. 

Sectors Ratios

Space Heating 67%

Appliances 15%

Water Heating 15%

Lighting 3%
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4/58 Solar Energy Resources

Chap 1. Introduction and Literature Review

➢ In 2020, solar electricity production is nearly 1% of the total electricity generation and 

almost 6300 MW.

➢ The average annual solar irradiance in Newfoundland province is around 1000 kWh/kW/yr.

➢ The average per capita electricity consumption in Newfoundland province was 1294 kWh in 

2019

➢ NL province received an F rating that means a 5 kW photovoltaic system able to produce 

around 4,713 kWh per year,

Gas

72%

Electric

23%

Solar

2%

Propane

3%
Oil

0%
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5/58 Solar Instruments

Chap 1. Introduction and Literature Review

Fig. 3 Flat plat collector (water-based) Hybrid PVT CollectorPV Array, Efficiency: 14~18%
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6/58 Domestic Water Heater Types

Chap 1. Introduction and Literature Review

Tankless water heater

Integrated Water Heaters Heat pump Water Heaters
Solar Water Heaters

TES: Thermal Energy Storage Systems

STES: Solar TES

SSTES: Sessional Solar TES

Conventional 
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7/58 Thermal Collector:

Chap 1. Introduction and Literature Review

Low

Temperature 

Medium High

Concentration 

Metallic 
Non-concentrating/

Stationary 

High concentrating 

1. Solar collector are>Absorber 

area. 2. Concave reflecting types 

surface 3. High temperature

4. Applications: Solar thermal 

power plants.  

Parabolic trough Parabolic dish Heliostat field 
Glazed Unglazed

1. Low grade heat 

(<110 F)

2. Applications: 

swimming pool, 

greenhouses, low 

grade water and 

space heating. 

1. Medium grade heat 

(>110F, 140~180F)

2. Use of glazed flat-

plate collectors (air or 

liquid as heat transfer 

instrument, or 

concentrator collector 

3. Applications: 

Mainly domestic hot 

water heating. 

1. Parabolic 

dish or trough 

collectors

2. High heat 

(>180F)

3. Application: 

Independent 

power station

1. Collector area 

& absorber area 

are equal

2. Examples: 

Flat-plate or 

Evacuated tube 

collector

3. Applications: 

Building heating

Track the sun 

on a single 

axis

Fluid temp up 

to 750 F

Satellite dish 

type

Concentrated to 

a focal point. 

Fluid temp up to 

500 F. 

Tracking mirrors 

& solar tower. 

Fluid temp up to 

3700 F

Non-metallic 

Glazed Unglazed

Solar Thermal Collector 

Medium
(Parabolic cylinder)

Tracking Non-tracking

Single axis Two axis

Flat receiver with booster mirrror

Tabor-Zeimer circular cylinder

Compound parabolic conc.

V-trough
Paraboloidal dish concentrator
Central tower receiver 
Circular Fresnellens 

Hemispherical bowl mirror 

Fixed mirror solar concentrator

Cylindrical parabolic conc.

Linear Fresnel lens/reflactor
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8/58 Energy Storage Systems

Chap 1. Introduction and Literature Review

Thermal 
Mechanical Chemical Biological Magnetic

Physical 

processes

Chemical 

processes

Sensible Latent heat

Liquids Solids Solid-Solid

Solid-Liquid

Liquid-Gaseous

Thermochemical 

pipeline

Chemical 

heat pump

Heat of reaction
Closed Open

AdsorptionAbsorption

Zeolite

Silica gelSalt hydrates

Two phase systems 

(solid-gas) Three phase system 

(soli-liquid-gas)

Pump 

hydroelectric 

Compressed air

Flywheels

Supercapacitor

Electrical

Electric double layer 

capacitor (EDLC)

Superconducting 

magnetic energy 

storage (SMES)

Hydrozen

Methanol

Liquid 

hydrocarbon

Ammonia

Flow batteries

NaS Battery

High energy 

supercaparcitor 

Li-ion battery

Advanced led 

acid battery

High power 

supercapacitors

Advanced battery energy 

storage systems (ABESSs)

Fuel cells

Energy storage system

Electrochemical

Alkaline fuel 

cells (AFC)

Proton exchange membrane fuel 

cells (PEMFC)
Phosphoric acid 

fuel cells (PAFC)

 Molten carbonate 

fuel cells (MCFC)

Direct methanol 

fuel cells (DMFC)

Solid oxide fuel 

cells (SOFC)

Chemical heat pump (CHPs)

Mono-

variant

Di-variant

Metal 

hydrides

Chemical 

reactions

Mish-metal 

compound

Low-hysteresis 

intermetalic

Solid-gas

Liquid gas

Organic

Inorganic

Direct 

fired

Indirect 

fired

Power to Gas

Starch

Glycogen 

Hydraulic 

accumulator

Fireless 

locomotive

Solar 

pond

ICE storage air 

conditioning 
Phase change 

material 

Liquid air energy 

storage (LAES)

Cryogenic 

energy storage

Organic PCMs

Inorganic PCMs

Hygroscopic 

Materials

Solid-solid PCM
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9/58 Solar Collector Market

Chap 1. Introduction and Literature Review
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10/58 Reference Projects

Chap 1. Introduction and Literature Review

» Drack Landing project, AB in 2007. 

» TES systems in BC for a fish firm. 

» UOIT Developed a BTES Systems in 1990.

» Carleton University developed Low-temperature based TES.

» University of Alberta Built a BTES ES in 2015. 

» Ahmed Aisa and Tariq Iqbal designed a sessional STES systems for a residential house 

in 2018. 

» K & P contracting Ltd. built up a net-zero energy home in St. John's, Newfoundland 

» Many more project around the world. 
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11/58 Research steps:

Chap 1. Introduction and Literature Review

✓ Software Parts:

House parameters analysis using BEopt software.

» Components sizing in Mathematical calculations and Homer Software as well as weather.

» Design, simulation, and analysis of ES in PolySun software

» The TES system design and control using Matlab/Simulink software

✓ Hardware Parts:

Remote Control Implementation steps:

» The openHAB is used an IoT Platform (Home Server).

» Remote monitoring and control system has been developed using ESP 32Thing, MQTT

and sensors.
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12/58 Problem Description and Assumptions

Chap. 2. Design and Analysis of TES Systems With Seasonal Storage

Space heating, 11404.2 kWh, 60%

Water heating, 3421.26

kWh, 18%

Lighting, 950.35

kWh, 5%

Appliances, 2667 

kWh, 14%

Space cooling, 570.21 kWh, 

3%

The following assumptions are considered:

✓ The water flow has been considered under steady-state conditions.

✓ The tube flow has been assumed fully developed flow

✓ The collector's layer temperature has been neglected.     

✓ All other parameters have been assumed temperature independent. 

✓ There is no heat gain (or loss) when the water through the pumps and 

pipes. 

✓ It is assumed that there is no shading and dust on the collector panel. 
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13/58 SSTES Components Sizing

Chap. 2. Design and Analysis of TES Systems With Seasonal Storage

✓ The required area of the solar collector 16 m2

✓ The optimal volume to collector area ration should be 2 m3/m2

✓ The optimal sessional tank volume is 30 m3

✓ The small tank for DWH is considered as 0.189 m3.

✓ Finally, the sessional tank volume, V= 𝛑 × 𝐃𝟐 × 𝐇 /𝟒

Where the tank height, H=3 m and the volume, V= 30 m3. T

✓ The calculated tank diameter is, D= 3.36 m. So, H/D=3⁄3.36 =0.89.

It showed a good agreement with literature.

✓ Heat Pump COP=
To

To−Ti
=3 

ASHP/GSHP?

Ground Temp: to = td + Adexp −y Ω/(2a) cos Ωτ − y Ω/(2a)
2.5
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14/58 Weather Analysis

Chap. 2. Design and Analysis of TES Systems With Seasonal Storage
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15/58 House Parameters Analysis

Chap. 2. Design and Analysis of TES Systems With Seasonal Storage

House parameters: Chap. 2, Table 1

BEopt Software is used
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16/58 House Demand Analysis

Chap. 2. Design and Analysis of TES Systems With Seasonal Storage
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17/58 Existing House Simulation in PolySun

Chap. 2. Design and Analysis of TES Systems With Seasonal Storage
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18/58 SSTES Simulation & Flowchart

Chap. 2. Design and Analysis of TES Systems With Seasonal Storage
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19/58 SSTES System Control

Chap. 2. Design and Analysis of TES Systems With Seasonal Storage

Solar collector to tank loop

Controller Input: Tank bottom 

and collector outlet temperature

Is the pump 

running?

Tcollector outlet-Ttank 

bottom layer>2 oC? 
Tcollector outlet-Ttank 

bottom layer>10 oC? 

Pump-ONPump-OFF

No Yes

No
Yes

Yes

No

Reapet

Controller Input: Set and actual 

tank temperature

Is the heater 

running?

Tactual -Tset >5 oC? 
Tactual-Tset<-5 oC? 

Heater-ONHeater-OFF

No Yes

No

Yes Yes

No

Reapet

Auxiliary heater controller

Controller Input: Two tank upper 

temperatures and hot water settings

Is the circulating 

pump running?

T sessional tank upper & Tdiurnal 

tank upper >settings (oC)? 

T sessional tank upper & Tdiurnal tank 

upper <settings (oC)? 

Pump-ONPump-OFF
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Circulating pump controller
Controller Input: Set and actual 

room temperature

Is the radiator 

pump running?

Tactual -Tset >1 oC? 
Tactual-Tset<-1 oC? 

Pump-ON
Pump-OFF

No Yes
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Yes

Yes
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Reapet

Space heating controller

Change the mixing valve position

Parameters 10 m3 15 m3 20 m3 25 m3 30 m3

Fuel consumption (kWh)[HP] 4185 3621 3797 3960 4135

Eenrgy to the system (kWh) 11769 10217 10721 11132 11685

Energy saving solar thermal (kWh) 4861 6791 6860 6904 6921

CO2 savings solar thermal (kg) 2608 3643 3680 3703 3712

Sessional storage tank heat loss (kWh) 2426 2839 3378 3809 4357

Tank top layer temperature (oC) 70.2 69.9 69.8 68.5 68.2

Tank top layer temperature (oC) 43.5 47.2 47 46.9 46.4
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20/58 SSTES Simulation Results

Chap. 2. Design and Analysis of TES Systems With Seasonal Storage
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21/58 Presentation Overview:

Chap. 2. Design and Analysis of TES Systems With Seasonal Storage
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22/58 Comparison of Ref and SSTES

Chap. 2. Design and Analysis of TES Systems With Seasonal Storage

particulars Reference systems (Grid + EH) SSTES

Total energy demand (kWh) 12873 12573

Space heating temperature (oC) 20 20

Hot water temperature (oC) 55 55

Collector size N/A 16 m2

Main tsank size (m3) 0.189 30

Solar fraction to hot water (%) 0 61

Solar fraction to space heating (%) 0 61

Total thermal energy generation (kWh) 12873 12855

Solar energy production (kWh) 0 7837

Auxiliary heater production (kWh) 12873 5015

CO2 emission (kg) 6224 3556

Electrical energy savings (%) 0 0

Thermal energy savings (%) 0 61%
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Weather and house parameters remains same as mention in Chapter-2

Coldwater temperature=10 0C.

Storage hot water temperature= 55 0C.

Per person hot water demand, DHW= 20 liter/day 

Hot water demand in kitchen, HWDk= 30 liter/day

Storage volume, 

VST = [ B × O × DHW + HWDK] × 1.2
= [ 02 × 02 × 20 + 30] × 1.2
= 132 liter=0.132 m3 Main Tank: 0.2 m3

Energy demand for hot water, 

QS = VST × Cp× ∆T

= 0.132 × 1.16 × 45 = 6.89 kWh/day.
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Collector yield,

CY = SR × ηK × ηsys
=2.9×0.6×0.8=1.392 kWh/m2.

Collector array, CA =
Q

CY
=
6.89 kWh

1.392
kWh

s.m

= 4.95 m2

The required number of collectors=
Daily requirement

Collecotor output
=0.0223 (m2/day)

The total number of collectors=0.02231(m2/day) × 125.27 m2=2.7 per

day.

The surface area of collector array=No of collectors × size of each

collector in m2

=2.7 × 1.9 m2 = 5.13 m2

AE-21 model solar collector dimension is considered

Total collector area for space heating and DHW=10.08 m2 ≅10 m2

Installation, 

38%

Collector, 14%
Fixing & 

mounting, 7%

Fluid, 1%

Pipes,

8%

Tank, 24%

Pump & controller, 8%

Cost Analysis

Total Implementation cost: 

Oil Burner based TES: CA $ 53600

Heat Pump based TES: CA $ 54600

Need Details? Chap. 3, Table 2
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Chap 3. Design and Analysis of Energy Storage Using Solar Electric Modules

Basic sections Particulars Existing/ reference system Model 1 (Oil Burner) Model 2 (Heat pump)

Solar collector

Type N/A Flat plate Flat plate

Number of collectors N/A 05 (No tracking) 05 (No tracking)

Total gross area N/A 10 m2 10 m2

Annual Output N/A 4345 kWh 5161 kWh

Storage tank
Volume 181 Liter (132+200) Liter (132+200) Liter

Functions DHW only DHW and space heating DHW and space heating

Auxiliary burner
Type, capacity Electric resistance (4 kW) Oil burner (3 kW) Heat pump (3 kW)

Energy input/output Same 1635/1091 kWh 354/882 kWh

Annual energy

consumption
DHW and space heating 17009 kWh 9389.5 kWh + 159.2 L Oil 8320.5 kWh

Annual consumer bill
DHW and space heating 1690 CAD 1201 CAD 998.46 CAD

Savings No 29% 44%
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Sizing of Inverter and the MPPT

✓ Sizing PV for Water Heating

Required load for water heating= 6.89 kWh/day (standard two rooms for 4 people)

Total PV panels energy needed= 6.89 kWh/day×1.3= 8.957 kWh/day. 

Total Wp of PV panel capacity needed= 8957 Wh/day/3.4=2634 Wp. 

Number of PV module=2634 Wp/150 W= 17.56 modules ≅ 18 modules. 

The area of PV panel=0.93 × 0.675 m2= 0.6277 m2/per panel 

The total area of PV panel= 11.3 m2 

✓ Sizing for Space Heating

Required load for space heating= 20.27 kWh/day [standard two rooms with 4 people]

Total PV panels energy needed= 20.27 kWh/day × 1.3= 26.35 kWh/day.

Total Wp of PV panel capacity needed= 26350 Wh/day/3.4=7750 Wp.

Number of PV module=7750 Wp/150 W= 51.66 modules ≅ 52 modules.

The area of PV panel=0.93 × 0.675 m2= 0.6277 m2/per panel

The total area of PV panel= 0.6277 m2 × 52= 32.64 m2

The total number of a solar panel for water and space heating is 70 numbers, which are equal to 43.94 m2.

20-25% bigger size then demand

Chap 3. Design and Analysis of Energy Storage Using Solar Electric Modules
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Chap 3. Design and Analysis of Energy Storage Using Solar Electric Modules

Installation 

22%

Tank 

20%Electrical components 

& fixing

8%

PV module

50%

Descriptions Sizing and Prices

PV Panel cost 150$×70 no’s=10500 CAD.

Installation cost 10500×34%=2310 CAD.

450 L of Electric Water Tank with high insulation cost 3000 CAD

Combiner box (6 String, 250 V AC, 10 A each) 12×225 = 2700 CAD

MPPT installation optional

Inverter cost (12000 W) 3000 CAD

Electrical components and fixing 10500×8%=840 CAD.

The total investment cost 22350 CAD
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Particulars

Reference system Thermal Collector Based PV Based

Model 1 Model 2

Energy generation

from a renewable

source

0 kWh/year 4345 kWh/year 4345 kWh/year 26412 kWh

Energy is taken

from the grid
17009 kWh/year

9389.5 kWh + 159.2

L Oil
8320.5 kWh

0 kWh/year (If net

metering is

implemented)

Annual energy

savings
0 kWh/year 7619.5 kWh/year 8688.5 kWh/year 17009 kWh/year

Surface

requirement
--------- 10 m2 10 m2 43.94 m2

Storage tank size 181 L (132+200) Liter (132+200) Liter 454 L

Investment cost Nothing change 53,600 CAD 54,600 CAD 22350 CAD

Yearly savings 0 CAD (0%) 914.34 CAD (29%) 1042.62 CAD (44%)
2041.08 CAD

(100%)
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Chap 4. Dynamic Simulation of Solar Water Heating Systems in MATLAB

1. The water flow has been considered under steady-state conditions.

2. The tube flow has been assumed fully developed flow.

3. The PVT and collectors layer temperature has been neglected.

4. All other parameters have been assumed; temperature independent.

5. There is no heat gain (or loss) when the water through the pumps and pipes.

6. It is assumed that there is no shading and dust on the PVT and collector panel.

Assumptions: 

TES system simulation softwares

TRNSYS, ESP-r, POLYSUN, TRNSOL, 

MINSUN, SOLCHIPS, MATLAB, 

DYOMLA, SmartStore, EnergyPlus, eQuest, 

HVACSIM+, GeoStar, GetSolar (GR), Fortran
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Chap 4. Mathematical Modelling of Solar Water Heating Systems in MATLAB

Solar Collector:

𝐝𝐓𝐜𝐨

𝐝𝐭
=

𝐀𝐜𝛈𝐨

𝐂
𝐈𝐜 −

𝐔𝐋𝐀𝐜

𝐂
𝐓𝐚𝐯 − 𝐓𝐜𝐚 +

ሶ𝐯𝐜

𝐕𝐜
𝐓𝐜𝐢 − 𝐓𝐜𝐨

Heat exchanger

𝐝𝐓𝐬
𝐝𝐭

=
ሶ𝐯𝐥

𝐕𝐬
𝐓𝐝 − 𝐓𝐬 +

ሶ𝐯𝐥
𝐕𝐬

𝐓𝐡𝐜𝐨 − 𝐓𝐬 −
𝐀𝐬𝐤𝐬
𝛒𝐬𝐜𝐬𝐕𝐬

𝐓𝐬 − 𝐓𝐬𝐚

Ref.: J. Buzás and I. Farkas, “Solar Domestic Hot Water System Simulation 

Using Block Oriented Softwrae,” Jun. 2000. 
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Chap 4. Mathematical Modelling of Solar Water Heating Systems in MATLAB

The Simulink diagram of city cold water supply to the tank.

Circulating Pump
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Chap 4. Mathematical Modelling of Solar Water Heating Systems in MATLAB

The flow rate in the collector to storage tank loop[13]:

ሶ𝐯𝐜 = ൝
𝟐. 𝟗 × 𝟏𝟎−𝟓 𝐦𝟑 𝐒−𝟏 𝐰𝐡𝐞𝐧 𝐓𝐜𝐨 ≥ 𝐓𝐬 + 𝟑

𝟎 𝐦𝟑 𝐒−𝟏 𝐰𝐡𝐞𝐧 𝐓𝐜𝐨 ≤ 𝐓𝐬 + 𝟑

The flow rate in the storage tank to the radiator loop:

ሶ𝐯𝐜 = ൝
𝟓. 𝟗 × 𝟏𝟎−𝟓 𝐦𝟑 𝐒−𝟏 𝐰𝐡𝐞𝐧 𝐓𝐜𝐨 ≥ 𝐓𝐬 + 𝟑

𝟎 𝐦𝟑 𝐒−𝟏 𝐰𝐡𝐞𝐧 𝐓𝐜𝐨 ≤ 𝐓𝐬 + 𝟑

The pump On/Off control was used

The flow rate controller modelingAuxiliary Electric Heater The Controlled Valve



Newfoundland and Labrador, Canada                                     Md. Habibur Rahaman                                    www.mun.ca

Design, Analysis and Control of Solar Heating System with Seasonal Thermal Energy Storage

35/58 Mathematical Modelling of Solar Collector Based TES

Chap 4. Design of Solar Water Heating Systems in MATLAB

Radiator System Design Parameters: Chap. 4, Table 1

Thermostat (Matlab Programming) 

Pre-heating Tank

Demand

cold water in
Hot water

Grid

Collector

Electric boiler

Pump  Controller

Full TES system
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Chap 4. Dynamic Simulation of Solar Water Heating Systems in MATLAB

Details parameters: Chap. 4. Table 2
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Chap 4. Dynamic Simulation of Solar Water Heating Systems in MATLAB
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Chap 4. Design and Simulation of Solar Water Heating Systems
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Chap 4. Design and Simulation of Solar Water Heating Systems

ηthermal =
Quseful−heat

Ix×Acollector

Quseful−heat= ሶmCpΔT

ηthermal = ηo − α1
ΔT

Ix

Qelectrical =
Im×Vm

Is×Acollector

ηelectrical = ηo − α1
ΔT

Ix

𝜂𝑡𝑜𝑡𝑎𝑙 = 𝜂𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 + 𝜂𝑡ℎ𝑒𝑟𝑚𝑎𝑙

EPV = APV × Ix × ηmodule × ηinv × ηwire

The thermal efficiency of a glazed and unglazed PVT collector 

is about 48% and 35%, 

Solar radiation (Ix) in St. John's, NL is 3.06 kWh/m2, Acollector is 

the collector absorber area which is 16 m2

The electrical efficiency of a glazed and unglazed PVT collector 

is about 11.5 and 13.4%

Total efficiency of glazed and unglazed PVT collectors is 59.5% 

and 48.4%, 

=14%, 90%, and 95%, 

PVT Collector
Electric boiler

Demand

cold water in
Hot water

Grid
Pump  Controller

H. E= Heat Exchanger

H.E

Details parameters: Chap. 4. Table 3
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Mathematical Modelling of PVT Based TES

Chap 4. Design and Simulation of Solar Water Heating Systems
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Available Technology in the Market

Chap 5. Remote control of house thermal energy storage system

Thermostat 

Name
Price Pros Cons

Google Nest $329

Smart way to control

3rd Gen are available

Support multi-stage, multi-zone

Local/Remote control

Customer can not increase the number of channels

The development control is with Google team

Honeywell $149

Local/Remote control

digital screen, the humidity, temperature, 

and thermostat settings options are 

available

It does not include the wall plate for installation, 

wiring is too complicated.

it is a non-programmable device 

ecobee $229

Compatible with temperature and 

humidity sensors

Local/Remote control

it has only one temperature sensor and two 

occupancy sensors build in at Ecobee4 systems

41/58
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Chap 5. Remote control of house thermal energy storage system
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Overview of System Development

Chap 5. Remote control of house thermal energy storage system
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4.3 System Specifications and Requirements is mentioned

Components Description

5.1 openHAB Home Automation Local Server IoT Platform

5.2 DHT11 Digital Temperature Sensors

5.4 Wi-Fi Router (Communication Channel)

5.5 Digital Thermostat and Heater

43/58
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Architecture and Connection of the ESP32 Thing board

Chap 5. Remote control of house thermal energy storage system
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Sparkfun ESP32 Thing development board
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Chap 5. Remote control of house thermal energy storage system

ESP32 Thing 

Microcontroller

Thermostat settings

Wireless 

Remote

Model: Comfort Zone CZ523RBK 

UpDown

ON/OFF

5 15 23

Connection diagram of remote and ESP32 Thing 
openHAB Setup and JAVA Programming 

Start

Install Zulu 8 (Windows) for JAVA programming 

Download, unzip it to to the C Drive (C:\openHAB2) the 

latest Windows Snapshot ZIP file of openHAB software.  

Launch the runtime by executing the script 

(C:\openHAB2\start.bat)

 openHAB start 

page?

Point your browser to http://localhost:8080

Updating the openHAB Runtime

Starting openHAB as a Service

Shutdown the openHAB (logout)

openHAB start 

page?

Update wrapper at openHAB2-wrapper.conf

Run Command Prompt as an administrator

openHAB start 

page?

Verifying that the Windows Service is running (Start 

manu>services.msc)

openHAB service 

running?

Install SSH clientand connect to the openHAB console 

(MQTT, Putty, kiTTY)

Is it connected?

All done (End)

45/58
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Chap 5. Remote control of house thermal energy storage system

openHAB components Short descriptions

Add-ons To communicate with connected devices

Things Device representation in openHAB

Items Things properties and capabilities

Groups Items collections and categories 

Sitemaps
User-defined interface to arrange groups, items, 

and so on. 

Transformations Functions to transform user data. 

Persistence Store updated data service

Rules It is used to automate the systems. 

Javascript
Define rule and other runtime objects using Java 

programming. 
openHAB and MQTT Configuration

openHAB Configuration46/58
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Chap 5. Remote control of house thermal energy storage system

The relation between Things and Items. openHAB home server and ESP32 Thing communication via MQTT broker

Communication Mechanism47/58
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Chap 5. Remote control of house thermal energy storage system

Remote Access

(Log in ID/Password)

openHAB Cloud

openHAB Home Server
ESP32 Thing microcontroller board

DHT11 Sensor 

(Inside/

Outside)

Solid State Relay

User 1

User 2

User 3

Publish/SubscribePublish/Subscribe

Connection Through 

Wi-Fi

myopenhab.org

Table 2: The implementation methodologies

Communication Mechanism48/58
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Experimental Setup

Chap 5. Remote control of house thermal energy storage system

DHT 11 Temperature sensors data

5 V USB 

Heater Remote

Up
Down

ON/OFF

ESP32 Thing Board

DHT11 Sensors Data

5 V USB

ESP32 

Thing Board

Heater Remote

Local Server

Electrical Heater

Digital Thermostat

Control and Monitoring Dashboard
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Testing

Chap 5. Remote control of house thermal energy storage system

Start

Sensors Read Data From Room 

Inside and Outside Environment

ESP32 Thing Receives Data From 

Sensors

ESP32 Displays Data on Serial 

Monitor

ESP32 Connects to the Local Wi-Fi 

Network 

MQTT Broker Publishs/Subcribes 

Post Data on openHAB Homer 

Local Server

IoT Server 

Acknowledges Data 

Receipt? 

Is Relay Gets ON/

OFF Signal?

Register at openHAB Cloud Console 

with UUID & Secrete Number

Do You Able to Access 

Dashboard Remotely?

Yes

Yes

Yes

Yes

No

No

No

Re-check C Drive 

for UUID/Secrete 

Number
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Main control and monitoring dashboards

Chap 5. Remote control of house thermal energy storage system
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Remote Control and Monitoring

Chap 5. Remote control of house thermal energy storage system

https://myopenhab.org/login or openHAB App
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Proposed System Features

Chap 5. Remote control of house thermal energy storage system

S/

N
Name of the components QTY Price (CA$)

1 ESP32 Thing 1 31.90

2 TMP35 temperature sensors 2 2

3 DHT11 Temperature sensor 2 2

4
Miscellaneous (Breadboard, 

Resistors, Wires, Boxes, etc.)
1 10

Grad total: 45.9

S/N Hardware Power (W)

1 ESP32 Thing 0.5

2
Breadboard (with Sensors, 

ESP32, Resistors, etc. connected)
3.3

Total: 3.8 W

Thermostat 

Name
Price Pros Cons

Google Nest $329

Smart way to control

3rd Gen are available

Support multi-stage, multi-zone

Local/Remote control

Customer can not increase the number of 

channels

The development control is with Google 

team

Honeywell $149

Local/Remote control

digital screen, the humidity, 

temperature, and thermostat settings 

options are available

It does not include the wall plate for 

installation, wiring is too complicated.

it is a non-programmable device 

ecobee $229

Compatible with temperature and 

humidity sensors

Local/Remote control

it has only one temperature sensor and two 

occupancy sensors build in at Ecobee4 

systems
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Contributions

Chap 6. Conclusion and Future Research

✓ Space heating and water heating is needed for approximately eight months in a year.

✓ The major problem: grid overloading, GHG emission, high electricity bill and so on.

✓ A single-family residential house has been analyzed and energy demand is calculated.

✓ Proposed four TES systems such as solar collector, solar photovoltaic, hybrid type solar photovoltaic

thermal array and a sessional. All systems can save a major portion of electricity consumption.

✓ The proposed TES systems implementation cost and their instrumentation has been discussed.

✓ A sessional solar thermal energy storage system has been proposed, mathematically designed, simulated

and analyzed.

✓ All results have been compared with the annual energy demand and annual energy production.

✓ Nobody proposed such a system before in such a way and with respect to the Canadian (NL province )

weather condition.

✓ Proposed a remote control and monitoring systems prototype which is low cost and low power

consumption.

✓ The user can monitor and control from locally or remotely anywhere in the world.
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Future Research Scopes

Chap 6. Conclusion and Future Research

✓Proposed STES systems can be redesigned at residential community, commercial or

industrial.

✓Several parameters assumed constant or ignored, can be considered and re-design

✓The thermal and electrical efficiency can be further improved.

✓A robust controller can be proposed in dynamic simulation

✓Proposed STES system can be re-deigned for all cold climate zone.

✓Detailed reliability analysis of IoT based systems can be done in future

✓The remote-control prototype can be made with other type of MCU board to reduce cost

✓Data encryption can be implemented to ensure the more security.

✓Various open source IoT/ SCADA systems can be developed.
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