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[bookmark: _Toc6328107][bookmark: _Toc6328108][bookmark: _Toc6328109][bookmark: _Toc6602000]1 Project Proposal 
[bookmark: _Toc6602001]1.1 The Topic
A feasibility study to find a viable and sustainable method to heat the main swimming pool (1800m3) of LUX* Belle Mare at a minimum of 28 degrees Celsius in winter.

[bookmark: _Toc6602002]1.2 Rational

For the past five years, hotels in Mauritius have started promoting their heated swimming pools as a Unique Selling Point especially during the winter season.
As part of the renovation in 2014, LUX* Belle Mare embraced the same strategy and implemented a system in order to heat its swimming pool. The system consisted of capturing the heat emission from the chillers in order to heat the pool.  This method only reaches its optimum in summer when the chillers are working at full capacity. In winter, when the chillers are used at half capacity, the heat emission is low and hence not adequate to heat the swimming pool. 
Whilst the hotel is marketed with a heated pool, the temperature of the latter reaches an average of only 20 degrees Celsius in winter. This has led to many guest complaints and pressure from tour operators resulting in potential loss of business.

[bookmark: _Toc6602003]1.3 The Intended Impact

The intended impacts of the research is as follows:
1. Identify and implement a cost effective and environmentally friendly method for heating the pool of LUX* Belle Mare up to a minimum of 28 degrees Celsius in winter.
2. In so doing, minimise or eliminate the guest complaints related to pool temperature.
·  This research would also have a positive impact on my knowledge and understanding of sustainable pool heating methods which is aligned to the “green philosophy” of The Lux Collective.
· Moreover I will be able to grasp maximum information and enrich myself in those new technologies which are more and more on demand 

[bookmark: _Toc6602004]1.4 The proposed Methodology

The method which will be used for this research will be primarily qualitative and explorative (both primary and secondary data). It will consist of:
Existing research and survey:
· Overview of what competitors proposed and are using (e.g.: Temperature of water, size of pool, strategic locations….)
· Sunlight yield on the east coast region
· Type and capacity of heat pumps to be used on the existing system

Interviews:
The purpose of interviews is to obtain more detailed qualitative information from Maintenance Managers of other resorts regarding their systems which could help to design and implement a durable and green solution to the problem.
 
[image: ]

Figure 1: Gantt chart



[bookmark: _Toc6602005]1.5 Ethics and Insider Researcher

The research will be specific to the outlined technical field and will thus have no impact on a third party.  The first part of the research will be based on published articles and journals. The second part of the research will involve hotel maintenance managers on the east coast of Mauritius who will share only what they are willing to share. Data collected will be used for the purpose of this research only.
	 


2 [bookmark: _Toc6602006]Project Report

[bookmark: _Toc6602007]2.1 Introduction

The purpose of the project is to find a practical and sustainable method of heating the main swimming pool (capacity 1800m3) of LUX* Belle Mare at a desired  temperature of 28 degrees Celsius in winter.
The implementation of a system in order to heat the swimming pool was done in 2014 during the renovation. The system consisted of using the heat emission from the chillers in order to heat the pool.  This method only reaches its optimum temperature in summer when the chillers are working at full capacity. In winter, since the chillers only operate at 30% of its capacity, the heat recovered is very low, resulting in a temperature around 20 degrees which is 9 degrees less than the desired temperature. This has led to many guest complaints and explicit demand to fix same from tour operators.
The aim of the study will help in developing new skills, explore what is realisable here in Mauritius and benchmark against competitors who also have heated/temperature controlled pools. 

2.2 [bookmark: _Toc6602008]Literature review


The research focused on the value of using: 
a) Heat pumps
b) Photovoltaic panels 

[bookmark: _Toc6602009]2.2.1 Heat Pumps

The operating principles of a heat pump is that it uses the calories (heat) in the air to heat up pool’s water; therefore the warmer and damper the air is, the better the heat pump will perform. (Basic operation provided in Figure1)
[image: Image result for schematic drawing for zodiac heat pump to pool]
Figure 1: Heat pump operation
Chan et al (2003) have done a study on the evaluation of the thermal performances, energy saving and financial feasibility of using heat pumps for heating of an outdoor swimming pool compared to conventional electric boiler and gas fired condensing boilers. Even if the survey was not conducted in Mauritius, the principle of using the heat pump remains the same and the more the ambient air is hot and damp, the better will be the performance of the heat pump.
In doing so, the saving in energy when using heat pumps compared to fossil fuel is less expensive as Mauritius is well known for its hot climate. 
Moreover, green house and noxious emission can also be reduced indirectly, thus contributing to a greener planet.

[bookmark: _Toc6602010]2.2.2 PHOTOVOLTAIC

Since the hotel sector is energy intensive and electricity is a major expense for hotel operations; making use of cleaner and cheaper energy sources will help to reduce operation costs, increase competitiveness and sustainability.
Being blessed with a good light exposure on the east coast of the island even during the winter period, the photovoltaic panels will be an advantage for producing electricity which will in return run the heat pumps and at the same time reducing the energy consumption.
Consequently, the introduction of photovoltaic (solar cells) which are electronic devices that convert sunlight directly into electricity, could be advantageous.
 Hossam-Eldin et al (2015) has been studying three generations of photovoltaic and has demonstrated to what extent the use of Green technology has evolved during the past years. 
 The performance of the Photovoltaic technologies and different basic materials used for its manufacturing stage have been dissected and elaborated in such a way that the complete overview of its conception is obtained. 
Hossam-Eldin et al (2015) have mentioned that nowadays, with the new technologies in photovoltaic, it is proven that 28% of the sun’s energy can be converted into electricity. In the current situation, the fact that in winter we do have only 6hrs of sunlight (minimal compared to summer), the yield will still be sufficient to produce electricity with the new technologies in photovoltaic. 
Nema et al (2010) shows different characteristics of photovoltaic and how solar cells convert photons into electric potentials and when connected in series can generate a substantial voltage.
The combination of the two technologies (Heat Pumps & Photovoltaic) with more in-depth research on site and calculation will be of great asset in the realisation of the project.
[bookmark: _Toc6602011]2.3 Methodology

The research work was based on our direct competitors in a competitive set of same category as LUX* Belle Mare along the east coast. Likewise, all these hotels have the same characteristics as being exposed to the south east trade winds dropping at the same time the ambient temperature during winter season. Other important features are that most of these hotels have sea facing pools.

	COMPETITIVE SET

	HOTELS
	POOL HEATED

	1. St Geran Hotel
	YES

	2. Prince Maurice Hotel
	YES

	3. Constance Hotel
	NO

	4. Long Beach Hotel
	YES

	5. Residence Hotel
	YES

	6. Shangri-La Hotel 
	YES

	7. Four Seasons Hotel
	YES



Table 1.3: Competitive set on the East Coast 

The methodology is both qualitative and quantitative in order to be aligned with what competitors are proposing to their guest and among those 7 Hotels listed in the competitive set featured above in Table 1.3, one has been removed since it doesn’t offer this facility to their guest.
Other aspects of the survey are:
1. Temperature setting of their pool
2. Size of pools that are being featured in those different hotels
3. Strategic location
4. Method used to heat the pool
5. Problem encountered with those equipment
6. What are the hidden costs attached to same 
The survey of not more than 30 minutes, was made on site together with my peers - Maintenance Managers as these hotels which are some 5kms to 10 kms along the same coastal road. The questionnaire used was more as a guide to have a consistency on the research questions, making the recording part consistent and on track with what was expected at the end.
The enquiry was made in such a way that explicitly outlined the technical information needed and thus had no impact on a third party. It was conducted as a more casual meeting - face to face dialogue. Before any site visit, the maintenance managers were contacted by phone just for a small brief on what was the purpose of the survey and were re-assured that it was only for data collection purposes.
Despite the fact that risk of any adverse effect or outcome was very low, in regards to any negative response from my peers, most of the technical data was already available online for the in depth calculation part such as:
1. Meteorological  solar data from dawn to dust (from meteorological station)
2. Capacities of heat pumps/water flow required
3. Photovoltaic production range (calculation of numbers of panels required for green energy sources to reduce energy consumption)
Moreover, pertaining to The Lux Collective code of Ethics and Data protection Act 2017, all data generated by the research is stored on company computers which are protected, anonymous and used only for research purposes outlines. 

[bookmark: _Toc6602012]2.4 Findings

The first component of the survey was based on the 07 hotels listed in the competitive set same as LUX* Belle Mare where:
· Constance Hotel was removed since their main pool is not heated
Based on the information gathered from the questionnaires an Analysis has been done in a spreadsheet (Appendix 2)
The survey was done with 06 hotels’ Maintenance Managers namely:
1. St Geran Hotel
2. Prince Maurice Hotel
3. Long Beach Hotel
4. Residence Hotel
5. Shangri-La Hotel
6. Four Seasons Hotel

The survey itself was done in three distinct parts:
· A questionnaire was made to ease the survey. Before going through, an explanation was given to interviewee 
· A quick site visit of their installation to have an overview of their system in place.
· Collection of secondary data from meteorological station and some affiliated companies with whom we use to work.(same regroup in appendix 3,4)
Question 1 was asked in such a way to investigate on the volume of water used in the other resorts pertaining to their respective swimming pools ,as same is  very important to determine which is the best methods that was used to heat such volume of water. Therefore, the analytic part reveal that 5 hotels out of 6 have a volume of water to be heated which is above 800m3, same as LUX* Belle Mare, which contains 1800m3 of water. 
During the discussion with the other maintenance managers on the swimming pool capacity, one important point was raised on the fact that the more the volume of water increases, the more the re-circulation takes time. As after filtration of pool water, it passes through a heat exchange that transfers the heat recovered from the chillers to the water via inox plates (see Figure A). This cycle continues until the required temperature is reached (In simple terms, the total volume of water of a said pool has to pass through the heat exchanger to be able to achieve the required temperature.)
The temperature range for the pools in all the listed hotels are around 26-28 degrees, while 5 of the 6 hotels have a heating time of maximum 12Hrs to reach the required temperature.
Moreover, 100% of the 06 properties listed above use the heat recovery system from their chillers (Centralised Air-Conditioning System) which are of higher performance in terms of heat recovery compared to LUX* Belle Mare Hotel.
During the site visit while doing the survey, it has been noted that the chillers from the other resorts were more efficient in terms of capacity and make. The in-built system of their chillers had a better heat recovery system compared to what is readily available at LUX* Belle Mare where, the temperature recovered from the heat recovery system is around 40 to 45 degrees compared to 50 to 60 degrees for the other hotels. The way the design of heat recovery was done, they were able to exploit the maximum possible from the heat recovery system which was then stocked in big tanks before diverging same to different usage.
From big storage tanks, the water was pumped directly to the boiler and reheated if need be for domestic purposes. Another pump circulated the volume required to a heat exchanger (see Figure A) next to the pool plant room for the pool heating.
For question 4 on whether the hotels have guest complaints about pool temperature, all hotels said they had none. However from the research perspective, the chillers work less during the winter season, due to the ambient temperature being cooler and therefore the heat recovered from the chillers will be less and somehow the water might be less heated or can take longer time for the pool to reach the required temperature. Refer to average temperature in winter as opposed to summer in Figure 2 below.
	
[image: ]Note: 
On the left hand side there is an inlet for hot water from the chiller heat recovery and output back to chillers.
On the right hand side there is the input from pool filtration system that takes the heat through the thin inox plate via a heat transfer technique and sends it back to the pool.
The same process is done continually until the entire pool reaches the required temperature. 
                       Figure 2- heat exchanger

In terms of energy recording system, the maintenance managers from the other resorts don’t perform any separate recording for energy consumption but similarly to LUX* Belle Mare Hotel, all the other hotels tabulate their electrical consumption per guest and per night. On average, 4 hotels on 6 have a total consumption which varies between 55Kwh and 60Kwh per guest and per night, whereas 2 hotels are less than 50Kwh per guest and per night.


[bookmark: _Toc6602013]2.4.1 Calculation and estimation 

The exercise below is derived from the comparison of average electrical consumption of any of the hotels found in the competitive group. Another important note that was discussed with the other maintenance manager was on the energy required to operate such big hotels with large amount of rooms,  pools, equipment, pumps, air-conditioning system, lightings and that in a near future, alternative green sources will be required.
[bookmark: _GoBack]Assuming an average of 150 rooms’ hotel with a 100% occupancy and 300 guests, the total cost for electrical consumption per day will be approximately Rs110, 310. (1Kwh =Rs 6.14)
Therefore, any hotel in the competitive group spends approximately more than Rs 3,039,300 only on electricity consumption per month.
Another cost effective method in the long run, is the usage of chemical product for stability of the pool water. Even though, 5 hotels mentioned that they don’t have a variation in product-use for cleaning, the answers obtained seemed to be biased as with high temperature the chemical products have the tendency to evaporate quicker. This question is more quantitative, as those hidden costs can alter maintenance expenses in the long run.
Similarly, the servicing contract for the chillers varies as follow:
· 2 hotels have servicing three times per year twice per year for 
· 4 hotels conduct same twice per year 

In doing so, the probability of having breakdowns is very low.
The scenario is the same with the actual heat recovery system of LUX* Belle Mare Hotel: this is where the findings will help in designing a cheaper and more ecological method to top-up the swimming pool during the winter season to the desired temperature.

[bookmark: _Toc6602014] 2.4.2 Mauritius Meteorological Services

An in-depth survey was made on the meteorological services for the East Coast in order to have an overview of the weather conditions in the region (see Table 1.4.2 below)

                                         Mauritius Meteorological Services
Region: East                
Station: Fuel
	MONTH
	TEMPERATURE
	HUMIDITY
	WIND
	SUNSHINE
	RAINFALL
	NO OF DAYS WITH
	NO OF DAYS WITH

	
	Mean Max
	Highest Max
	Mean Min
	Lowest Min
	%
	Mean Wind Speed
	Highest Gust
	Daily
	Mean
	
	
	

	
	(71 - 00)
	Recorded
	(71 - 00)
	Recorded
	
	Km/h
	Km/h
	Hrs per day
	Monthly
	LTM (71-00)
	RAINFALL >1MM
	RAINFALL <5MM

	January
	28.8
	34.5
	22.0
	16.0
	84
	8.00
	156
	7.00
	216.3
	261.3
	17
	9

	February
	28.7
	33.0
	22.3
	17.5
	86
	9.1
	238
	6.6
	186.1
	334.1
	17
	10

	March
	26.6
	34.0
	22.0
	17.4
	84
	9.6
	201
	6.7
	209.4
	231.2
	17
	9

	April
	27.6
	32.5
	21.2
	16.3
	85
	9.1
	121
	6.00
	179.1
	240.00
	17
	9

	May
	26.2
	29.5
	19.3
	14.0
	83
	9.3
	60
	6.3
	193.9
	167.7
	15
	8

	June
	24.6
	28.5
	17.8
	12.8
	82
	10.8
	78
	6.1
	182.8
	104.00
	14
	7

	July
	23.7
	27.5
	17.3
	11.0
	82
	12.3
	61
	6.1
	187.6
	102.5
	16
	6

	August
	23.8
	28.5
	17.00
	12.0
	81
	11.7
	63
	6.1
	187.7
	104.9
	15
	6

	September
	24.3
	28.0
	171
	11.0
	81
	11.2
	69
	6.3
	189.5
	70.1
	11
	4

	October
	25.4
	30.0
	17.9
	11.0
	81
	11.00
	59
	6.8
	210.1
	62.2
	11
	3

	November
	27.1
	31.5
	19.4
	12.5
	81
	10.1
	114
	7.3
	219.8
	82.00
	10
	4

	December
	28.2
	32.5
	21.00
	16.0
	84
	9.1
	200
	7.00
	216.8
	201.8
	13
	7



Table 1.4.2: Mauritius Meteorological services yearly temperature record sheet

Note:
The highlighted figures are the five months during which the temperature and sunlight are lowest

Mauritius being a tropical island and despite the meteorological conditions that prevail during the winter season, the temperature proves to be quite high compared to winter in the northern hemisphere.
As highlighted in figure 3 the minimum temperatures registered are 17 - 22 degrees during the day and with 6.1 hours of sunshine per day at a humidity level of 81% as per chart above. In those conditions, the implementation of photovoltaic panels can be operating at an optimum efficiency with those parameters. 
Another piece of information obtained from “greenyellow” which is a company working closely with us (see appendix 3).The quality, thickness and dimensions of a photovoltaic panels, may give outstanding performances at low irradiance (very low exposure to sunlight) with an average efficiency of 96.5 % for irradiances between 200W/m2 to 1000W/m2 .Therefore, with minimum sunlight/sun exposure the performance of those photovoltaic panels remain high.



[bookmark: _Toc6602015]2.4.3 Photovoltaic                               

From all the data collected, an evaluation of a section of the resort’s roof-top was done in collaboration with a local supplier, Sotratech Ltd, in order to calculate the quantity of panels that can be implemented in the resort and the outcome in terms of energy. 
The result of this exercise gave a total of 112 photovoltaic panels for a coverage of only 30% of roofs in the resort. Assuming that a 100% coverage would end-up with a total of 373 panels that can be implemented in such a way that all the solar energy produced always gets shared through the existing power grid, taking the electrical load way for the heat pumps.
An average dimension of a panel is around 1.44m2 for a yielding of 288W, the estimation of the total production at a very low sun radiation during winter period can reach 107.4KW/day and a total of 3,222 KW/ month
Those estimations show that the implementation of the heat pumps will be powered by green energy, resulting in a saving on the electrical consumption after the installation of the heat pumps to top up the pool temperature from the existing circuit. 
[bookmark: _Toc6602016] 2.4.4 Heat Pump

[image: ]The heat pump also works at its optimum power when the ambient temperature is hot. Pertaining to the Mauritius Meteorological services chart in figure 3, the use of heat pumps can top-up in a short period of 8 to 12 hrs to reach up to 27-28 degrees.



                                                                                         Figure 4: Heat pump


In the case of LUX* Belle Mare: the cold water inlet from the pool would have to be replaced by the water coming from the chiller’s heat recovery system and the water out will be sent to the heat exchanger plate (similar to Figure 2) at the swimming pool plant room to heat the pool.
Moreover, doing the survey proved very fruitful in terms of personal learning as this enabled me acquiring better understanding of how other hotels were performing similar task in different ways.



[bookmark: _Toc6602017]2.5 Conclusion & Recommendations

The researcher is of the opinion that we do have feasible information for the final proposition in view of increasing the swimming pool temperature during the winter period. As a pointer, the research work showed that the heat pumps is a good means for increasing the water  coming out from the heat recovery system of the chillers and then send to the heat exchanger of the swimming pool where heat transfer will occur to increase the water to the desired temperature.
Taking into consideration the temperature records obtained from the meteorological station, the use of photovoltaic panels as source of energy that could eventually be: 
Used to produce electricity and send to the main grid 
· Used to absorb the power required to run the heat pumps during winter period  
· Used to reduce total electrical consumption of the hotel in summer when heat               pumps will not be required (electricity production will still be ongoing via photovoltaic panels)
Presently, we are working with “greenyellow” which is a company that conduct surveys in order to assess your current situation and find smart energy solution.

Therefore:

· Site inspection  of all usable roof for installation of photovoltaic panels was done & measurement taken
· Calculation is in process to quantify energy that can be obtained
· They will see feasibility of implementing the heat pumps without the hotel investing any capital
· Based on actual savings recorded, the hotel will be required to pay the company a             fixed percentage from the savings generated for a defined period of years.

In doing so, the hotel will still gain on green energy production during summer period from October to April during which the heat pumps will not be in operation. The energy yield by the photovoltaic panel will help in the reduction of the overall cost on energy consumption and at the same time pay back the implementation of those equipment. 
By implementing the full scope of the proposed solution, the project in itself proved to be cost effective and environmentally friendly method for heating the pool of LUX* Belle Mare up to a minimum of 28 degrees Celsius in winter.





[bookmark: _Toc6602018][bookmark: _Toc3991818]
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[bookmark: _Toc6602020]Appendix 1

[bookmark: _Toc6602021]Appendix 1: Questionnaire

Hotel: …………………………..                                                       Date: ………………………..

The objective of this survey is to do understand the feasibility of incorporating heat pumps to the existing circuit in order to increase the temperature of the main swimming pool of LUX* Belle Mare.
1. What is the pool capacity that you are currently heating
       Below 600m3      	   	600 – 800 m3	     			Above 900 m3

2. By which means is your pool heated?
Heat Recovery
Heat Pump                                   
Gas Heater
Solar Panel                                
Any Other Method If so, please elaborate
………………………………………………………………………….

3. To what temperature is your pool set?
               19 – 25 degree	   	26 – 28 degree                             29 – 30 degree        
         
4. In winter, do you get complaints from guest on pool temperature?
               Yes		   	      No


5. During rainy & windy season, how long does the pool take to reach your required temperature?
	



	


                   1 – 6hrs                         
	


                7 – 12hrs
  Above 13hrs
 Is your plant room equipped with an electrical metering?

               Yes		   	      No

6. What is your daily consumption in KWH/GNS? 
	



	


      Below 50Kwh                            
	


Between 55kwh – 60kwh
  Above 65kwh
   
7. Have you noticed any variation in the amount of product use for cleaning of your pool with a higher pool temperature compared to ambient temperature?    
	

	



Yes
  
No 

8. What the frequency for the servicing of your equipment?       
	



	


      Every month
	


     Every 3 months                                   
	


    Every 6 months                      
            One per year

9. Have you had any inconvenience/ break down/ service challenges since the installation of your system?             
	

	



Yes
  No 
                                               
   If yes, please elaborate:




[bookmark: _Toc6602022]Appendix 2: Analysis
	
	
	
	
	
	
	
	
	
	
	

	
	Survey Sample Size: 06 Hotels
	
	
	
	
	

	
	Questions
	1
	2
	3
	 
	 
	Analysis

	
	
	Below 600m3
	600 - 800 m3
	Above 900m3
	
	 
	Total 1
	Total 2
	Total 3
	Total/Question

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Q1: What is the pool capacity that you are
	 
	1
	5
	 
	 
	0
	1
	5
	6

	
	Currently heating?
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 
	 
	16.66%
	83.30%
	 
	 
	0
	16.66%
	83.30%
	 

	
	 
	Heat Recovery
	Heat Pump
	Gas Heater
	Solar Panel
	 
	Total 1
	Total 2
	Total 3,4
	 

	
	 
	6
	 
	 
	 
	 
	6
	0
	0
	6

	
	Q2: By which means is your pool heated?
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 
	100%
	 
	 
	 
	 
	100%
	0%
	0%
	 

	
	 
	19 - 25 degrees
	26 - 28 degrees
	29 - 30 degrees
	 
	 
	Total 1
	Total 2
	Total 3
	 

	
	 
	 
	6
	 
	 
	 
	0
	6
	0
	 

	
	Q3: To what temperature is your pool set?
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 
	 
	100%
	 
	 
	 
	0%
	100%
	0%
	6

	
	 
	YES
	NO
	 
	 
	 
	Total 1
	Total 2
	 
	 

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Q4: In Winter, do you get complaints from 
	 
	6
	 
	 
	 
	0
	6
	 
	6

	
	Guests on pool temperature?
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 
	 
	100%
	 
	 
	 
	0%
	100%
	 
	 

	
	 
	1 - 6 Hrs
	7 - 12 Hrs
	Above 13Hrs
	 
	 
	Total 1
	Total 2
	Total 3
	 

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Q5: During rainy & windy season, how long does the pool take to reach your required temperature?
	 
	5
	1
	 
	 
	0
	5
	1
	6

	
	
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 
	 
	83.30%
	16.66%
	 
	 
	0%
	83.30%
	16.66%
	 

	
	 
	YES
	NO
	 
	 
	 
	Total 1
	Total 2
	 
	 

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Q6: Is your plant room equipped with an electrical metering?
	 
	6
	 
	 
	 
	0
	6
	 
	6

	
	
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 
	 
	100%
	 
	 
	 
	0%
	100%
	 
	 

	
	 
	Below 50Kwh
	Between 55Kwh 
	Above 65Kwh
	 
	 
	Total 1
	Total 2
	Total 3
	 

	
	 
	 
	and 60Kwh
	 
	 
	 
	 
	 
	 
	 

	
	 
	2
	4
	 
	 
	 
	2
	3
	0
	6

	
	Q7: What is your daily consumption in KWH/GNS?
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 
	33.33%
	66.66%
	 
	 
	 
	33.33%
	66.66%
	0%
	 

	
	 
	YES
	NO
	 
	 
	 
	Total 1
	Total 2
	 
	 

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Q8: Have you noticed any variation in the 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Amount of product use for cleaning of your pool with a higher pool temperature compared to the ambient temperature?
	1
	5
	 
	 
	 
	1
	5
	 
	6

	
	
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 
	16.66%
	83.30%
	 
	 
	 
	16.66%
	83.30%
	 
	 

	
	 
	Every Month
	Every 03months
	Every 06months
	One Per Year
	 
	Total 1,4
	Total 2
	Total 3
	 

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Q9: What is the frequency for the servicing of
	 
	2
	4
	 
	 
	0
	2
	4
	6

	
	your equipment?
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	YES
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	Q10: Have you had any inconvenience/break down/service challenges since the installation of your system?
	 
	6
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	100%
	 
	 
	 
	0%
	100%
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© 1.2 Hydraulic connections

* The device will be connected with a #63 or 90 PVC pipe, using the connectors supplied, to the pool's filtration
circuit, after the filter and before the water treatment.

« Respect the direction of hydraulic connection.

 Aby-pass must be installed to make it easier to work on the device.

@ vater inlet valve
@ by-pass valve
@ water outlet valve

@ water inlet adjustment valve
(optional)

@ water outlet adjustment valve
(optional)

* minimum distance

Connection to a standard filtration circuit





image1.png
[Tasks

Jan-19
Week 3 | Week4d

Week 1

Feb-19

Mar-19

Apr19

Literature Review

Design of questionnaire Interviewees

Week 2 | Week3

Week4

Week 1

Week2

Week 3

Week4

Week 1

Conducting the survey and interviews

[Analysis of Data and Findings
Conclusion





image2.jpeg
— HeatPump.

Fier
- Cold In T l Hot Out

Fiter pump.





