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[bookmark: _Toc7550230]1. Abstract

	An investigation into the surplus energy produced by a domestic solar PV system. Domestic solar PV systems can generate a surplus of electricity during the daylight hours that cannot always be efficiently used, this excess is exported to the National Grid in exchange for an income, this export is not metered, and its use does not affect the level of the export income. 
A Case study shows that market leading battery storage systems will struggle to recoup costs of in the investment within a reasonable amount of time and are therefore an unjustifiable solution
Current solar power diverters are focused on the delivery of surplus energy to immersion heating systems only, this paper investigates alternatives that include the option to power any ancillary chosen by the user.
Smart meters and diverters use the phase difference between voltage and current to differentiate between import and export power and therefore susceptible to noise and phase errors that affect their reliability an accuracy, this paper presents an alternative methodology by determining the presence and magnitude of an export current by measuring the magnitudes of the solar PV generation and domestic consumption. This produces a positive or negative integer than indicates export and import. The differing designs are emulated in software and built in breadboard prototype, both designs are tested against a range of signal levels. The standard voltage and current phase detection method is found to be sensitive to noise and phase transitions whereas the alternative current magnitude method is found to be stable and insensitive to noise phase and frequency errors.

[bookmark: _Toc7550231]2. Introduction

[bookmark: _Toc7550232]2.1	Overview
	Since their introduction to the UK circa 2006 and the UK Government Feed-In-Tariffs (FIT) in 2010, domestic solar microgeneration photo-voltaic (PV) systems have grown in popularity such that today they make them a significant contributor to the UK electrical generation, with an installed capacity of over 2.5 GW[1].
	In 2014 the author installed a solar microgeneration system in the family home, the system is configured with a dual input inverter, fed from an east facing 6 x 265W array and a South facing 7 x 265W array the system produces circa 3100kWh per annum and is fully accredited into the FiT scheme.
	This new market has, inevitably, spurred the development of other technologies based on domestic solar installations and taking advantage fiscal benefits of the FIT system. These technologies are, to the greater extent, based on storing excess solar energy in batteries for later use. These storage systems are relatively expensive, consequently their breakeven point is questionable.
	This paper shall investigate other options to make use of excess solar power by detecting any excess to electrically powered devices such that the energy they use will be of benefit to the system owner at a later time. The economic benefits of such a system can then be compared to the market norms.








[bookmark: _Toc7550233]2.2	Aim

The aim of this project is to investigate methods of storing excess solar energy and develop an alternative energy storage system for the use of excess solar microgeneration energy for a lower price point than conventional battery storage solutions. 
[bookmark: _Toc7550234]2.3	Objectives
· Identify current market storage solutions
· Define alternative energy storage methods
· Design system to detect and divert excess power
· Analyse system operation
· Compare system operation to commercial systems
[bookmark: _Toc7550235]2.4 	Amplification
To enable these aims and objectives this paper shall
· Define solar energy and PV systems
· Research the implications of the FIT
· Analyse the fiscal benefits of the market leading battery solution
· Investigate alternative energy storage systems
· Propose an alternative energy storage solution
· Investigate the working principles of diverters
· Plan project targets using SMART target principles
· Investigate the working principles of diverters
· Propose alternative method of detecting a.c. source
· Design a prototype microcontroller-based diverter system
· Create C code for the diverter system
· Test and compare current detection methodologies
[bookmark: _Toc7550236]Planning
The project planning shall be recorded using MS Project, the plan is shown in Annex I. In accordance with SMART target principles, each specific task has been laid out with a target completion date that fits in with the overall submission date, other academic deadlines and personal diversions.
[bookmark: _Toc7550237]3. Research & review of literature

[bookmark: _Toc7550238]3.1	Research

[bookmark: _Toc7550239]Philosophy
The project shall use a phenomenological approach to the required research. A phenomenological research approach is one where a number of ideas are found or confirmed through research to form the basis for a way forward[2], Åkerlind [3] supports this by stating that it is a method of defining a theory and quantifying the perception if it and its effect. The phenomenological approach is a qualitative method of research. A qualitative method of research is one where a problem is investigated to develop an insight into a problem for prospective quantitative research deeper into the project. Quantitative research quantifies a problem by way of testing and produces experimental or statistical evidence[4].
[bookmark: _Toc7550240]Approach
This project will use a deductive approach in its investigations. A deductive approach is one where a theory is tested to confirm its validity [5], this would seem to be appropriated to the authors aim to confirm the theory that surplus solar energy can be collected and/or used for a price point below conventional battery storage solutions.


[bookmark: _Toc7550241]Strategy
This project shall use three strategies to meet its objectives. A survey shall be conducted to attempt to confirm the authors assumptions that theirs is not an isolated situation with regards excess solar energy and to further to attempt to gauge respondents use of methods to mitigate loss of excess energy to the grid. A case study shall be carried out on the authors own PV installation with the electricity it generates compared to the surplus available after the household demand has been met. Finally, a software/hardware solution shall be developed to meet the aims of this project and tested for function and efficiency.
[bookmark: _Toc7550242]3.2	Survey
The research survey into this project was created on the SurveyMonkey website and a link disseminated via social media. The survey is designed to gauge perception of microgeneration and possible ancillary technology. The disseminated survey was as follows:
1. Do you own your own Home 
Yes 
No 

2. Are you interested in domestic microgeneration (e.g. Domestic solar panels) 
Extremely interested 
Very interested 
Somewhat interested 
Not so interested 
Not at all interested 

3. Do you currently have or are you interested in fitting, Solar Panels to your home? 
Yes, Fitted. 
Not fitted, Interested. 
Not fitted, not interested. 

4. Solar Panels generate most efficiently during peak daylight hours. 
Due to your home occupancy norms, do you feel you would/do make the most of this electricity? 
Yes 
No 
Don't know 

5. If you have solar panels already, do you make use of delay functions on 'white goods' to stagger their use 
I have solar panels and do stagger white goods use. 
I have solar panels but do not stagger white goods use. 
I do not have solar panels, but I would consider staggering their use 
I do not have solar panels and probably would not stagger their use. 

6. Solar panels generally produce an excess during the day that is exported to the national grid. Would you consider installing an energy storage solution to capture this excess energy? (e.g. Tesla Powerwall priced around £7500) 
No, not interested 
No, too expensive 
Yes, but cost may be an issue 
Yes, interested
Don't know 

7. If so, which energy storage solution interests you most? 
Battery Storage (e.g. Telsa Powerwall) 
Thermal storage (e.g. Hot water) 
Other 
Don't know 

8. Would you consider that an energy storage solution would only be practical if it could pay for itself financially?
Yes 
No 
Don't Know 

9. Some homes may benefit from storing excess solar energy in a hot water tank. Would you have physical space in your home to install a hot water tank? (Note: solution not compatible with Combi-boilers) 
Yes, already fitted 
Yes, space available, No Combi boiler in use. 
No, no space available/Combi-boiler in use 

10. Do you have any Smart home devices. 
Hive 
Ecobee 
Phillips Hue 
Nest 
Wink Hub 
Amazon Echo 
Google Home 
Other

As of 10th May 2019, 20 respondents had completed the survey. Analysis of results submitted is as follows.

[bookmark: _Toc7545753]Figure 1 Home Ownership of Survey Respondents
Q1 Showed 30% of respondents owned their own home, this correlates poorly with the ONS statistics of home owner-occupier rates of 62% as of 2016[6][7], this may be due to the social media engagement strategy unfairly reaching a younger demographic whose home ownership may be lower than the average.

[bookmark: _Toc7545754]Figure 2 Survey Respondents interest in Microgeneration
Q2 Showed that overall there is a significant interest in domestic microgeneration solutions with 90% of respondents giving a positive indication, it is noteworthy that this is far above the 30% of homeownership that was found in Q1. This result follows recent findings by The Guardian[8] which finds 70% of home occupiers are interested in fitting some sort of microgeneration system, it is also noteworthy that this is despite the decrease in the fiscal benefits from the FiT scheme over recent years.

[bookmark: _Toc7545755]Figure 3 Survey Respondents Solar Panel Ownership
Q3 Showed that there is a 15% solar panel ownership in the survey, this is far above the national average of 4%[9], given the small scale survey undertaken, it is not surprising to have a major discrepancy such as this, of minor note, three respondents reported they are not interested in solar panels, whereas in Q2, two respondents reported they were not interested in microgeneration in general. This may show a respondent’s interest in another generation technique such as wind power or a point of confusion by the respondent during completion of the survey.

[bookmark: _Toc7545756]Figure 4 Use of white goods delay function
Q4 Was an attempt to gauge methods people would consider using to maximise use of solar PV, since the majority of systems have an output under 25% of maximum rating for over 75% of daylight hours, the average UK domestic installation of 3.6kW[10] cannot be relied on to generate sufficient electricity to run more than one domestic appliance all the time[11].

[bookmark: _Toc7545757]Figure 5 Respondents appreciation of system costs
Q5 Was an attempt to understand gauge the respondent’s views on energy storage solutions and their cost, although the Q3 did not give a generic price for solar PV installation, which is comparable to the cost of a Tesla Powerwall, it is worth observing that a larger number of respondents gave a negative indication for the storage solution. 

[bookmark: _Toc7545758]Figure 6 Survey respondents’ preference of energy storage solution
Q6 was used to find respondents knowledge on energy storage solutions, a significant number of respondents indicated don’t know, this along with the comparable numbers of respondents choosing thermal and battery methods despite the battery storage methods being a market leading solution by a very large margin may indicate a serious lack of knowledge into the options available.

[bookmark: _Toc7545759]Figure 7 Respondents home occupancy norms
Q7 attempted to gauge the authors perception that their own solar installation was not being fully utilised and that theirs is not an isolated case, this would seem to be confirmed and is a prime rationale for an energy storage solution.

[bookmark: _Toc7545760]Figure 8 Respondents view on system fiscal recompense
Q8 Would seem to indicate that there is a clear majority of respondents who require any solution to be fiscally justified, this would fit with the authors rationale for not accepting a commercial solution. It occurs that any other rationale for investing in a storage solution would be for a moral investment rather than fiscal, i.e. for a solution’s ‘green’ credentials.

[bookmark: _Toc7545761]Figure 9 Respondents ability to fit hot water tanks
Q9 would seem to indicate that there is a majority of properties, 70%, among the respondents that either do not have space to fit a hot water tank or more likely they have a combi boiler in use. This would fit with the UK statistics of 60% of UK homes with Combi-boilers[7].

[bookmark: _Toc7545762]Figure 10 Smart assistant device use
Q10 Would appear to show that a majority of households have a smart home assistant device available, it occurs that it may be possible, given the processing power and spare capacity of smart devices[12], as a future development to connect a solution to a smart device to manage any solution as an app.












[bookmark: _Toc7550243]3.3	Case Study
This project has analysed the solar installation installed by the author in 2014.
The system incorporates a dual input Samil Power Solar River inverter, this inverter is fed from a South facing 1855W array and an East facing 1590W, this falls into the range of the average UK domestic system[13]. The system has generated an average 3100kWh per annum or 8.5 kWh per day since installation, the system has never generated more than 21.5kWh in a single day. A system schematic is shown in Figure 11. Given the track of the Sun across the sky during the day, each array will provide peak output at different times, a dual feed inverter system allows the inverter to adjust the impedance presented to each array independently, this will provide the maximum power transfer possible from each array. This is achieved through a system called Maximum power point tracking. [image: ]
[bookmark: _Toc7545763]Figure 11 Simplified domestic PV system diagram
[bookmark: _Toc7550244]MPPT
The output of solar cells is a result of the variable factors of temperature and the irradiance on the face of the array. These factors are compensated for by the resistance of each feed into the inverter to find the Maximum Power Point (MPP)[14][15]. Maximum power point tracking is a process through which the 
MPP is found and due to its active nature caused by constant variance in unquantified factors it is usually tracked by trial and error, the trial and error method may use one of several algorithms to increase their effectiveness including perturb and observe(hill climbing), incremental conductance  and constant voltage[14].
[bookmark: _Toc7550245]Power generation by season
The power generated by the solar array will naturally enough be used first to meet the household demand, if the generated power is insufficient to meet demand then imported power is used. This is the most economical use of the solar energy as the unit cost of importing power is 12-13p per kWh [16]. 
	
	Generated
	Imported

	Total
	3052.13 kWh
	5185 kWh

	Average
	8.36 kWh / day
	14.2 kWh / day


[bookmark: _Toc7545617]Table 1 Annual electrical microgeneration

[bookmark: _Toc7545764]Figure 12 Comparison of electrical production and use
Table 1 and Figure 12 show the actual electricity imported from the grid and generated by the system, it can be seen in that the trendlines for each show a reasonable correlation of reduced electrical consumption coinciding with increased solar generation, the proportion of this change that is purely a result of solar PV is unknown and it would seem reasonable to accept that generally bright weather would coincide with a reduced need for electricity as bright and long days also see a reduced need for artificial lighting in the home, tumble dryer use etc. The reduced power available in the colder seasons bring into question the amount of daily surplus that would be available for use.
[bookmark: _Toc7550246]Daily power generation
The quantity of surplus power available in the extremes of production, the quarters centred on the solstices (midsummer and midwinters day, would not provide a realistic representation of actual system generation, therefore two sample days centred around the equinox’s have been chosen to analyse surplus power. Due to the set-up of the power monitors in use the data is collected every 15 minutes
[bookmark: _Toc7550247]Spring solstice
The spring solstice data can be seen in Table 2 and Figure 13.
	
	Generated
	Imported

	Total
	8.7 kWh
	17.92 kWh

	Peak
	0.48 kW/15mins
	1.4 kW/15mins


[bookmark: _Toc7545618]Table 2 Spring solstice electrical production / consumption


[bookmark: _Toc7545765]Figure 13 Spring solstice electrical production / consumption

The data from 23 March 2018 shows a period of surplus generation during the day, during this period surplus energy is exported to the grid, analyses of the data shows that during this surplus period a total of 1.93kWh was generated. The available data does not show the amount of energy that was used to run the household demand during this time, however it may be extrapolated, periods of solar data loss have shown that the day time empty household demand is 0.2kWh/hour, identical to the overnight demand, therefore we can estimate a surplus 1.13kWh of surplus during the spring equinox. 
[bookmark: _Toc7550248]Autumn Solstice
Data from the 23 September shows a similar period of surplus generation with a surplus of 2.21kWh, extrapolating the household load gives a surplus of 1.01kWh.
	
	Generated
	Imported

	Total
	11.9 kWh
	14.50 kWh

	Peak
	0.59 kW/15mins
	1.2 kW/15mins


[bookmark: _Toc7545619]Table 3 Autumn solstice electrical production / consumption

[bookmark: _Toc7545766]Figure 14 Autumn solstice electrical production / consumption
This data shows that there is a good probability that over at least 75% of the year the system has an excess of power available that is currently being exported. 
[bookmark: _Toc7550249]3.4	Literature review

Surplus renewable electricity would seem to not only be a question for the domestic producer, due to the vagaries of renewable generation, on a national scale it becomes a much greater problem, Denholm and Margolis [17] discuss the dilemma of surplus power, in the case of the Danish national grid, due to the prevalence of combined heat and power (CHP) which cannot be turned off the at times of excess without a consequent loss of heat, therefore excess PV generation is simply ‘dumped’ off-grid at source. This situation is a consequence of a national grid system with a low system flexibility. A national grids system flexibility is defined by its ability to alter production to meet demand [18], coal and nuclear lower a systems flexibility due to the minimum output levels required to allow a reasonable time for return to full output, systems underwritten by gas turbine and hydro, which can almost literally be simply turned off and on, have a high system flexibility. By this definition a domestic solar PV system has system flexibility of precisely zero, in that it cannot ‘react’ to demand.
In a further paper Denholm and Margolis [19] investigated methods of increasing the system flexibility of solar PV systems pertaining to national level grid systems. They envisaged three main methods of increasing flexibility: increase the percentage of system generators with higher flexibility, adjust main load requirement hours to match PV output and finally storage of PV generated energy. In the domestic PV environ the first option is not available although load shifting is partially available when consideration is taken for time delay functions available on domestic white goods[20], the main domestic solution would seem to be energy storage. [image: ]
[bookmark: _Toc7545767]Figure 15 Project mind map

Figure 15 shows a mind map created to organise the elements required to be investigated for the purposes of this study
[bookmark: citation]Siegenthaler [21]investigated heat dump options for solar thermal system, whereby excess solar energy has been generated. Siegenthaler has a negative view on the options available to dump this excess by radiating out by cooling the system through the night or pumping the excess through a ground loop. This could be construed as the equivalent of dumping excess solar PV energy back to the National Grid, although it is unlikely the national grid would agree with it being poor solution, as they benefit from the import. 
Siegenthaler much prefers inventive solutions to make use of excess heat, although the options are limited as most households in the UK do not have a swimming pool to divert excess heat to which is his default solution, and the engineering costs to implement such a solution are not insignificant. Nunes et al[22] attempt to address the equivalent PV issue without using a commercial solution by suggesting excess PV should be primarily used as an energy source for electric vehicles, with such a solution it was found that the optimum time to carry out a charging cycles would be during the working day and therefore it is a far more efficient solution for the office environment than for the domestic. 	Rodríguez-Hidalgo et al[23] investigated the ideal size of a hot water tank for use in a domestic environment that was heated by solar energy, they found that the vital factor in the system meeting demand was tank volume of the with respect to the array area, V/A, they found that the critical point where the system starts to meet demand is 0.05, when considering the average UK solar array is 3-4kW (20-26m2) this gives a critical water tank size of 1-1.3m3, and is therefore sufficiently capable to supply a domestic hot water system. Although it must be stated that this research was conducted in mainland Spain, where there is a greater solar irradiance than mainland UK.
Truong et al[24] investigated the economics of battery storage surplus PV, specifically the Tesla Power Wall system. Taking into account an average German family home with PV system, they conclude that the system will begin to recoup the initial investment within twenty years only if electricity prices rise at an average of 4.5% per annum. UK average electricity price was 15.2p/kWh in 2017 whereas Germany was paying 26.5p/kWh18[25, p. 9],  for the given increase it is less likely for a UK customer to reach the breakeven point. UK electrical energy prices have varied greatly since privatisation in 1991, though have only seen a 21.4% price increase since 2010[26]. Although future electrical energy prices are only likely to increase due to the ongoing closures of coal fired stations without replacement, overall it cannot be confirmed that the UK energy prices will meet Truongs target of a 4.5% annual increase.
Bourns[27], explain that smart meters are susceptible to noise transients and require mains filters to suppress the noise and protect the electronics from damage. DiFulvio[28, p. 2] goes further and explains that as smart meters draw their power from the grid they are monitoring they are exposed to the same noise signals including high energy spikes that are a source of safety concerns. Smart meters must also be able to cope with the phase transitions of microgeneration and thereby not charge consumers/producers for electricity they are generating and differentiate this from the phase shifts that occur with reactive power loads[29]. Jahlora[30], explains that smart meters detect the phase of both the voltage and current and use these to define the power quadrant that the system is in, Figure 16, and where the voltage and current are not in antiphase then they are treated as reactive powers.
[image: ]
[bookmark: _Toc7545768]Figure 16 Import and export power quadrants [30]
McLean[31] investigated the time required for a battery system to pay for itself given the average US electricity price, given the maximum capacity of the system and assuming it is used to its maximum capacity, it was found that the system would return the cost of installation within 9.8 years. Given the same set of circumstances when applied to the case study above, taking the spring equinox figure as a baseline (1.13kWh per day excess) and a unit cost of electricity of 15.2p/kWh, the system would recoup costs in 46576 days or 127 years.
Glavin et al[32] proposed the use of a supercapacitor system to store surplus solar PV energy. Supercapacitors have a lower specific energy density (Wh/kg) that battery systems, though they do have a greater specific power density along with rapid charge and discharge times, this means they are better suited to supplying a short-lived peak demand. Glavin et al further analysed the causes of power spikes I domestic demand and found the average UK domestic appliance had a start-up power 2.5 (Vacuum cleaner) – 22.4 (Washing machine) times their steady state demand, this is beyond the capabilities of a domestic battery system to meet, in a grid tied system this excess demand would be simply supplied from grid, though this is therefore chargeable, in an off grid system this could cause power failure. Therefore, a domestic supercapacitor system may be a future technology to challenge the current battery system dominance.

[bookmark: _Toc7550250]3.1	Commercial products

[bookmark: _Toc7550251]Electrical
	The market leader in the storage of excess solar electrical power is the Tesla Powerwall[33]. The Tesla Power Wall system is a Lithium-ion battery storage system designed to work in conjunction with domestic solar PV systems[34].  The system is designed primarily for domestic installations and, as a recent upgrade in capability[35], can be used as a back-up supply in case of grid outage. This capability would require additional equipment to ensure that the system still complies with BS7671 pertaining to grid tied inverters[36] and would consequently incur a greater cost to install. The currently available model (Powerwall 2) is rated at 13.5kWh of usable power, this system is available at a cost circa £8000[37]. The Powerwall 2 system is supplied with a 10yr warranty, therefore, for the system to breakeven within those 10yrs it shall have to recoup for the system owner a minimum of £800 per year. The authors own personal domestic electricity charge in 2018 was £943. Given the generally ‘unsunny’ environmental conditions in the Swansea area[38], this would seem to be an optimistic investment at best. The environmental impact of battery storage systems manufacture may affect the decision to install them, especially with those microgeneration system owners whose prime reason for investing in a PV installation are environmental rather than fiscal.
The size of the potential market has led to an ever-growing number of competitors to the Tesla system. The Power vault is one of the main competitors within the UK. The Power vault 12.3kWh system is the nearest for a direct to the Powerwall, it uses a Lithium-polymer (Li-MNC) based battery and is installed for a similar price (£7790). The main difference between the two systems is the battery technology in use. Lithium-Ion tends to have a greater power density though Lithium polymer tends to have a longer life cycle[39].
	System
	PowerWall2
	Powervault3
	Sonnenbatterie

	Model
	[image: ]
	[image: ]
	[image: ]

	Capacity
	13.5kWh
	12.3kWh
	10kWh

	Cost
	£8000
	£7790
	£4500


Table 4 Domestic battery solutions
[bookmark: _Toc7550252]3.1.2	Diverters
Electrical power diverters are devices which detect current being exported from any microgeneration system (PV, Wind, Hydro) and divert the surplus by means of activating a consumer device. Diverters are primarily aimed at providing hot 
water via an immersion heater. Water heat 18% of domestic energy use[7]
The Solar iBoost is, in effect a smart immersion heater switch. The system detects when power being exported and redirects any excess above 100W to an immersion heater[40]. The Solar IBoost system will only work in conjunction with a standard immersion and hot water tank installation, it is not suitable for ‘on-demand’ boiler systems. The iBoost system retails at £280 [41] plus the installation cost of approximately £100[42].
Alternatives
Alternatives to the Solar iBoost include devices such as the ImmerSUN[43] and Eddi[44], aside from minor variations in system capabilities such as Wi-Fi, Smart display and price, are essentially use the same technology as the iBoost
	System
	Solar iBoost
	ImmerSUN
	Solar electric

	Model
	
[image: ]
	
[image: ]
	
[image: ]

	Capacity
	13.5kWh
	12.3kWh
	10kWh

	Cost
	£380
	£7790
	£450


[bookmark: _Toc7545621]Table 5 Solar diverter solutions

	The rationale behind solar diverters is grossly similar to the rationale for this project, however, the end stage storage for the electricity is solely for an immersion system. This project does not have this option as there is no hot water tank in the authors property or space to install one, therefore, this project would require an alternative.
[bookmark: _Toc7550253]3.2	Energy Storage
[bookmark: _Toc7550254]Electrical
There is a limited choice of methods that can be used to store recovered energy within the domestic environment. Powerwall and its competitors use batteries to store the electrical energy directly. An alternative electrical use of excess power would be to charge a mobile system, such as an electric car with the excess. This would be a less than perfect solution as electric cars need charged as and when the owners require, further they cannot be guaranteed to be present when excess is available.
[bookmark: _Toc7550255]Thermal
The default method of thermal storage would seem to be a hot water tank, as already stated this option is not available due to the lack of a hot water cylinder within the scope of any design therefore an alternative thermal mass will be required.
The target property has a poured concrete floors in the kitchen, hall and WC that were installed with underfloor heating mats, the mats cover areas of 7, 4 and 1.5m2 respectively at 150W/m2. Therefore, the rationale is to use these areas as a thermal mass to divert excess electrical energy to.
Shafigh et al[45] discusses the use of concrete as a thermal mass store and find that although concrete has a far lower specific heat than water, the advantage of the volume of concrete in use far outweighs this, especially over the low useable temperature range that could be applied. Given the preferred operating temperature of an underfloor heating system of 18-23⁰C [46], a thermal concrete mass of 1 .5 tonnes (kitchen floor) and a specific heat of 880 J/kg⁰C, a 1kW heater (1000J/s) could, in ideal conditions, raise  the temperature of the mass by 5⁰C in under 2 hours. Emerson[47], found concrete was not adversely affected by repeated heat cycles below 600⁰C. Therefore, this mass would seem ideally suited for the proposed system.
The system is designed to use excess energy and make use of it, this does not necessarily involve storing it. The maximum excess energy occurs during the day and during the summer months, this is also the time when the least heat generation is required. The solar diverters use the peak energy excess to heat water, the peak energy excess in the heat of the summer would be appreciated if used for cooling, Small air conditioning systems are available that consume less than the peak excess predicted[48][49], any such device would require a safeguard system to prevent them being cycled too rapidly. 

[bookmark: _Toc7550256]3.3	Current detection
Solar export meters are not required by the FiT scheme for small scale domestic installations. They are mandatory on generation systems that are above 30kW
The proposed system will be required to detect the presence of excess current generation that is being exported to the National Grid. Given the alternating nature of the current direction, a solution is required to automatically detect this situation.
Smart Meters
Smart meters are a common to most households in the UK and are designed to be compatible with microgeneration systems and not charge for power that is being sold rather than bought [50, p. 3], and avoid negative news coverage. Yang explains that to detect when power is being exported smart meters detect the phase of the current with respect to voltage[51], such that during export voltage and current are in antiphase as shown in figure 17.
[image: ]
[bookmark: _Toc4570561][bookmark: _Toc7545769]Figure 17 Importing and exporting current phase
This would seem to be in complete agreement with Hudson[52] who defines this method to detect exporting power in microgeneration systems.
This method as described requires three factors to be detected, the phases of both voltage and current and also the magnitude of the current.
As discussed previously[53] the problems of detecting the phases of mains voltage and current due to imperfect mains signals, in the ideal world mains signals would be pristine sinusoids, with either 0⁰ or 180⁰ phase shift, in reality they are not. Therefore, it occurs that a method of detecting and diverting excess microgeneration current without relying on phase discrimination would be useful.

Hall sensor
Lenz[54] explains that a hall effect sensor exploits a phenomenon, discovered by Edwin Hall in 1879, where the charge carriers (normally electrons in metals [55]) within a current are affected by the Lorentz force to such a degree that they deflect, away or toward, the magnetic field that is created by a separate electric current. This deflection creates a potential difference (p.d.) across the detection conductor, the p.d. is normally measured in mV and will require amplification prior to further use[56]. The force that generates the hall effect is the Lorentz force. The Lorentz force is the same as that which deflects an electron stream in a cathode ray tube (CRT)[57][58]. The Hall sensor would seem a viable option to detect current magnitude without invasive rewiring.
[bookmark: _Toc7550257]3.4	Research Conclusions

This research has shown that there is a justification for the creation of a system to make use of surplus solar PV electricity. There is a significant proportion of domestic microgeneration systems that are subscribed to the Feed-in-Tariff scheme and are therefore providing an unmetered quantity of power to the national grid the may be used without financial penalty from the scheme. The majority of these systems would seem to be generating peak power at times when there is minimal household occupancy that would benefit from a solution to make use of this power. The current market leading solutions would seem to be cost prohibitive and unlikely to pay back their investment within their warranty period, especially when installed with the specific installation investigated, this is only compounded by any environmental concerns a prospective owner may have.  Therefore, any proposed solution would be required to break even within a reasonable amount of time, this means for a far lower price point than the electrical storage systems identified. The power diverter systems identified are purely designed to work with immersion systems and the research identified that these systems are incompatible with a significant proportion of households, these systems do otherwise meet the needs of this project proposal and are a ready to market product that the author was unaware of prior to this research, however, these systems are design based on smart meter technology which has shown susceptibility to electrical noise and phase distortion.
 Noise transitions on the mains supply the noise and phase errors can affect the system’s ability to differentiate the relationship between the voltage and current. It occurs that there may be another method. Since the magnitude of the current when it is exporting only is the information required, this information may be derived from other factors rather than measured directly. 
Kirchhoff’s Current law states that “The sum of the currents into a point in a circuit equals the sum of the currents out”[59, p. 2], when applied to the system in question, as shown in Figure 28, it should be possible to derive the magnitude and direction of the supply current purely from the magnitude of the PV supply and the household demand. This proposed solution shall be investigated an compared to the standard solution as a proof of concept.












[bookmark: _Toc7550258]4.	Project Design
[bookmark: _Toc7550259]4.1	Power

Based on the Moscow priorities principle [60] the design aims will be based on the following:
	Must have:		Excess Current Detection
				Ability to control ancillaries
	Should have:	Status Display
				Mains Power Supply
				Phase, Frequency and Noise Immunity
	Could have:		USB connectivity
	Won’t have:		Internet connectivity
								 
Power supplies for the circuit as designed are required to provide ±12V and +5V, the source of the power could be either the mains supply that is under test and load or a battery system. A production model of the system would naturally be powered by the mains it is monitoring. This will therefore require the mains voltage to be stepped down and rectified. An example circuit is shown in Figure 18.
[image: ]
[bookmark: _Toc7545770]Figure 18 Transformer fed PSU
Voltage regulators (U1 – U4) are required to ensure a stable supply for the PIC and Op-Amps. These regulators require capacitors to act as reservoirs for demand and therefore smooth the supply. These capacitors have a minimum size requirement of 0.33 and 0.1μF[55,p.4], when these values are used, simulations show that even without load, a large ripple effect remains where the output capacitors are severely drained, Figure 19.
[image: ]Ch A – 240V  Mains
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Ch C – Rectified


Ch D – Smoothed 

[bookmark: _Toc7545771]Figure 19 Insufficiently smoothed power supply
The ripple voltage is a product of the discharge current, frequency and size of the capacitor, i.e. the larger the current drawn the quicker the discharge of the capacitor, this is compensated by the size of the capacitor and the frequency it is topped up at as per the equation Vripple=Iload/fC. 
Larger values of capacitive support (100 and 10μF) for the regulators provide a stable output with minimal ripple and therefore able to support a larger load current the ripple current was therefore measured at 100mV.
 There are two main types of Voltage regulators available for this type of application linear regulators and switching regulators.
Linear Regulators alter their internal resistance to provide a stable voltage to the load irrespective (within limits) of the load current demand, this method of providing voltage regulation reduces the efficiency of the regulator as the power required to be dissipated in the regulator increases along with the dropout voltage and the load current as described in the following equation [62].
Power dissipated = (VI − VO) × IO
Dropout voltage is the difference between the input and output voltage across a voltage regulator[59, p. 610], it comprises the extra voltage above the output voltage that is required to drive the regulator plus any surplus voltage that the input provides. The dropout voltage for any regulator has a prescribed minimum that the regulator requires to maintain the output voltage that must be met to ensure the output voltage remains constant.
Linear regulator vs switching regulator
A switching voltage regulator is a far more efficient device is a device which uses PWM to control the duty cycle of a transistor and an inductor on the output as smoothing, as the device is not presenting a resistive component to manage output voltage there is less heat dissipation required. Switching regulators do have a reputation for producing a noisy output that would require filtering for use in small signal circuits as well as a requirement for more complicated support circuitry[59, p. 636]. 
As the method of power supply is not critical to the aims of this project a linear regulator will be used in the design and prototyping.
The transformer supply is required to provide a dual ac stepdown output to a bridge rectifier, as shown in Figure 18. A centre tapped multitap transformer that is simulated in proteus is an overly complicated solution to supplying the ±12V and ±5V for the system, this is only required due to the need to reduce the drop out voltages on the linear power regulators to a reasonable level, this is another argument in favour of switching regulators in a production spec design. Since the transformer is not critical to the aims of this project a simple battery supply is used in the prototype, as shown in Figure 20.
[image: ]
[bookmark: _Toc7545772]Figure 20 Battery driven power supply
[bookmark: _Toc7550260]4.2	Standard Export Detection
Smart meters, export meters and solar diverters would all seem to work by the detection of three separate metrics:
· Voltage Phase
· Current Phase
· Current Magnitude 
Comparison of the phase difference between the voltage and current determines the current source at any point in time, whilst the magnitude of the current is required to quantify the current exported, as shown in Figure 21. [image: ]
[bookmark: _Toc7545773]Figure 21 Standard smart meter detection
The inversion of the supply current with respect to the supply voltage in the case of exporting power shall be emulated in proteus as a testbed to prove a circuit design capable of detecting and measuring such an inversion, the circuit is shown in Figure 22. 
[image: ]
[bookmark: _Toc7545774]Figure 22 Simulation of import / export
The circuit emulates the scenario by altering the earth position on the potentiometer RV1, with equal supplies emulating grid and PV supplies the direction of the current supplying the house load and the current clamp should invert wrt the grid voltage sample.
[image: ]
[bookmark: _Toc7545775]Figure 23 Simulation of import phases
Figure 23 shows the voltage sample (yellow) and the current while the circuit is in the importing phase.
[image: ]
[bookmark: _Toc7545776]Figure 24 Simulation of export phases
 Therefore, a circuit has been designed to detect the peak of the supply voltage and at that point detect if the current phase is in a positive or negative state, therefore defining if it is importing or exporting. The peak detect circuit shown in Figure 25 is fed from a potential divider network which drops the mains voltage from 230V to less a level acceptable to the Op-amp[63, p. 4].
 [image: ]
[bookmark: _Toc7545777]Figure 25 Voltage peak detect circuit



This is a very crude example of input signal conditioning as large transients on the mains voltage would damage the 741 without further protection, since this circuit is purely for demonstration and comparison to the proposed solution further protection has not been applied.
The LM741 Op-Amp has been configured as a non-inverting amplifier, the gain of the op-amp is defined by the ratio of the resistors in the feedback circuit such that:


This gives an output of approx. 150mVrms to the following stages, this is a peak voltage of 215mV which when half wave rectified by the diode is presented to a comparator circuit.
A simple 500Hz passive low pass RC circuit should remove the majority of noise from the mains signal that passed through the op-amp, the majority of mains noise being above 700Hz Figure 26,[64, p. 1] The RC filter cut-off at 500Hz would, by fco = 1/ 2πRC produces a capacitance of 31.8nF using a 10kΩ resistor, using common values, 33nF, gives a cut-off frequency of 482Hz.
A comparator is a circuit which is designed to indicate whether an input on the non-inverting input is positive or negative wrt, in this case, an adjustable level as applied to the inverting input[65, p. 75].
The comparators reference level is derived from a potential divider network that includes a potentiometer, this circuit will therefore provide a positive when the mains voltage reaches its peak, this can then be compared to the current phase.
Given that this circuit is only required to detect if the voltage and phase are relatively in or out of phase, there is consequently no requirement to calculate the absolute phase difference between the two, the absolute phase relationship could be measured using the difference between the positive peaks, since this is not required the current sinewave can be converted to an approximate square wave with an op-amp, after a low pass filter and a Zener overload protection diode, the signal is passed to the microcontroller for comparison to the voltage phase.  
[image: ]
[bookmark: _Toc7545778]Figure 26 Current phase detect circuit

The current magnitude shall be measured using analogue to digital conversion (ADC), therefore the circuit will give a DC level output proportional to the supply current, the supply current signal shall come from a current clamp (see para 4.8).
The current clamp is capable of measuring up to 50A, with this design this will produce a ADC signal peaking at 5V where 50A is detected, there should therefore never be a signal greater than 5V being sent to the microcontroller, to ensure the safety of the microcontroller should transients exceed this the Zener diode ZD3 will ground the excess.  
[image: ]
[bookmark: _Toc7545779]Figure 27 Grid current magnitude circuit
The circuit design aim to return a 1V signal for a 10A current flow in the sample circuit. The chosen clamp gives a 3000:1 step down of current from the circuit under test, thereby supplying 3mArms through the clamp load resistor, this should return a voltage to the op amp of Vrms (471mVpk), therefore a gain of 3 from a non-inverting op-amp would provide the desired 1V signal, this was tested using the equation Av=1+(R1÷R2) to provide component values of 100k  & 51k, it was found that the returned was 0.55V, the discrepancy being due to the filter and diode losses. Increasing the op-amp gain to 4.7 overcame these  losses and produced a steady 1V DC return. In breadboard prototype testing it was found that the signal generator was severely loaded by the circuits designed 100Ω current clamp load and the oscilloscope, and further became unstable at low levels. It was found that the most stable configuration was a higher level input divided by a potential divider network and increasing the gain of the op-amp to compensate, the op-amp gain was required to be increased by a factor of 10. The component values were recalculated for the breadboard testing.
 







[bookmark: _Toc7550261]4.3	Alternative Method
Noise transitions on the mains supply the noise and phase errors can affect the system’s ability to differentiate the relationship between the voltage and current. It occurs that there may be another method. Since the magnitude of the current when it is exporting only is the information required, this information may be derived from other factors rather than measured directly. 
Kirchhoff’s Current law states that “The sum of the currents into a point in a circuit equals the sum of the currents out”[59, p. 2], when applied to the system in question as shown in Figure 28, it should be possible to derive the magnitude and direction of the supply current purely from the magnitude of the PV supply and the household demand.
[image: ]
[bookmark: _Toc7545780]Figure 28 Alternative surplus detection
This method should provide a positive or negative integer that reflects the direction and magnitude of the current to/from the grid.
This method has been emulated in MS Excel using figures garnered from the system in question, the figures are shown in Annex C and plotted in Figure 29.

[bookmark: _Toc7545781]Figure 29 Case study data emulated with alternate method
As predicted, Figure 29 shows a positive and negative trace following the surplus and deficit of PV energy as the household load and PV output varies over the day.
These are the three main sensor circuits of a standard smart/export meter; however, these systems are susceptible common issues that affect their operation, namely noise transients and phase distortion. To overcome these issues, it is proposed to test a system that only uses two current magnitude sensors, Figures 30 & 31.
[image: ]
[bookmark: _Toc7545782]Figure 30 PV current detection circuit
[image: ]
[bookmark: _Toc7545783]Figure 31 Household current detection circuit
The current sensing circuits work in the same way as the NG Current sensor in Figure 27 and produce a DC level proportional to the current used.
The signal from these two sensor sets shall be passed to a PIC microcontroller for processing.
[bookmark: _Toc7550262]4.4	PIC Selection
The PIC microcontroller for the is project must meet the following requirements Using the microcontroller selection tool on the Microchip website the following criteria requirements were used to shortlist appropriate Microcontrollers
	Must have’s
	Pins
	Notes

	LCD Display
	7
	LCD Operational Display

	ADC
	3
	10 bit: NG Current,       PV Current, H Current

	Dig In
	3
	V Phase
I Phase
Mode

	Dig Out
	7
	Status LEDs
Control Sigs Out

	Format
	SPDIP
	Compatibility with available coders

	Future Capability
	
	

	USB
	3
	D+, D-, VUSB3V3

	SPI
	
	Future

	UART (RS232)
	
	Future

	Spare Pins
	
	Future


[bookmark: _Toc7545622]Table 6 PIC Requirements
The ‘must have’ requirements return a shortlist of 33 possible microcontrollers that is shown in Annex D, from this list there are only two devices that also have the future capability option of inbuilt USB. These microcontrollers are:
	Product
	5k price
	family
	cpu speed
	FPU
	Pin Count
	Prog Mem
	SRAM
	EEPROM
	AD  i/p
	ADC res
	UART
	SPI
	I2C
	USB
	USB i/f
	dig tmrs

	PIC18F24K50
	£1.65
	High Perf. 8-bit
	48
	No
	28
	16
	2048
	256
	14
	10
	1
	1
	1
	1
	FS
	2

	PIC18F25K50
	£1.76
	High Perf. 8-bit
	48
	No
	28
	32
	2048
	256
	14
	10
	1
	1
	1
	1
	FS
	2


[bookmark: _Toc7545623]Table 7 Suggested PIC Comparison

The microcontrollers shown in Table 7 are nearly identical, other than the 18F25K50 having 32k of flask memory for the program over the 16k of the 18F24K50, this increase of program memory is coupled with an 11p increase in price. Either microcontroller will have more than sufficient program memory to cope with what will be a relatively small program, however, the author will primarily use the Proteus, Easy-PC and CCS software programs and only has the models for the PIC18F25K50 available on all three, then this will be the prime choice. The 28-pin version of this device will also leave sufficient spare pins and capabilities (e.g. UART, SPI, I2C) to fulfil any future development requirements.
[bookmark: _Toc7550263]4.5	Relay selection
The output from the microcontroller will be used to energise appliances as chosen by the user, in this particular case it is suggested that either a choice of heating elements or a cooling system be powered by the excess.
The ancillary devices will be mains powered and be ideally be able to be driven by the microcontroller. Relays are available in Electromechanical or solid-state designs as shown in Table 8.

	System
	Mechanical Relay
	Solid State Relay

	Model
	
[image: ]
	
[image: ]

	Notes
	OMRON Electro mechanical, Non-latching 5V DC Coil,16A Max. [66]
	Celduc Solid State, LED driven , Non- Latching, 3-30Vdc, 4A Max[67]

	Cost
	£6.40
	£20.33


[bookmark: _Toc7545624]Table 8 Relay types

Electromechanical relays use an electrical current to physically move an armature to make or break the contacts, the require a relatively large electrical current to drive them and in the non-latching mode for this application are an inefficient waste of power also due to their physical nature they are susceptible to contact bounce that accelerates their deterioration and failure. Electromechanical relays are a well establish technology however they are being superseded by solid state devices where the ‘coil’ voltage is only required to illuminate an LED which will then fire a thyristor into conduction, the lack of physical contacts increases their reliability and without the need for a large driving current they are far more efficient devices with low power consumption, although the cost of these devices is slightly more they are he preferred device for this application[59, p. 59,849]. 
The chosen relay requires a drive current of 3-29mA, although at 5V will draw only 4mA[68, p. 2],this is well within the maximum sink/source capabilities of the PIC18F25K50 of 25mA[69, p. 1], it proved difficult to source the DIN rail socket for SKA20440 and it apparently has been replaced by the XKA20420, the XKA20420 requires a 6V control signal therefore to enable the use of either relay in the final build they shall be driven by a small MOSFET this will reduce the demand on the microcontroller and further protect it from transients. In this case a small BS170[70][71] as a N-Channel Enhancement MOSFET will suffice to drive the relay instead of the PIC.
The SKA 20440/XKA 20440 is a zero crossing device, zero crossing in a device is its ability to activate at very near to 0V such that there is little effective loss of conduction or distortion of the output waveform, the capability is prevalent in solid state relays due to their triac design[59, p. 823].
Ou [68, p. 3], states that solid state relays have an internal current limiting resistor of 1kΩ, therefore the 5V control signal will have a draw on the PIC of 5mA.
The relays are available with the option to mount on DIN rails, a DIN rail is a general purpose mounting rail for the secure mounting of electrical components[72], this will allow the relays to be mounted safely off the PCB.
[image: ]
[bookmark: _Toc7545784]Figure 32 Selected solid state relay
The relay section is simulated below including the BS170, the 1k resistor across the MOSFET gate/source provides a discharge path for  Vgs and allows quicker switch off.
[image: ]
[bookmark: _Toc7545785]Figure 33 Simulated relay section
[bookmark: _Toc7550264]4.6 	Din Rail& Enclosure
The DIN rail will be required to be mounted in a secure enclosure along with the PCB. The system will be wall mounted in a domestic home, it is envisaged in this particular case to be adjacent to the domestic consumer unit. This is a low risk environment but still must provide some protection from impact, debris and water. Figure 34 shows the suggested enclosure, it is IP65 rated[73, p. 10], suitable for DIN rail fitting with a transparent front. The IP65 rating far exceeds the protection that will be required. 
[image: ]
[bookmark: _Toc7545786]Figure 34 Selected enclosure

[bookmark: _Toc7550265]4.7	PIC Circuit Design

The proposed circuit was designed using the Proteus software package, a PIC and Display circuit diagram is shown in Figure 35. The master clear option is not used on the circuit and is tied to Vdd. The future option of using the USB capability is allowed for by the inclusion of the VUSB3V3 capacitor. The status LEDs require a current limiting resistor, the voltage required to be dropped across the resistor varies by the type and colour of the LEDs chosen, the selected LEDs have a 1.8V forward voltage drop and provide reasonable luminance above 10mA therefore aiming for 15mA gives
  = 213Ω , using common resistor values, 220Ω, gives a current supply to the LEDs of 14.5mA.

[image: ]
[bookmark: _Toc7545787]Figure 35 PIC & LCD circuit simulation




[bookmark: _Toc7550266]4.8	Clamp

[bookmark: _GoBack]The current detector is required to be a non-intrusive system, such that it will not be required to break in to the circuit to measure the current. The component should be able to detect both the minimum that will be used as excess and the maximum that the household load reaches. The household in question is fitted with a 100A consumer unit, the data from the smart meter system in use shows that over the previous 12 months the maximum household load peaked at 41 Amps. Therefore, it would seem prudent to use a device that can reliably measure over 40 Amps and also withstand the same 100Amp  safety limit as the consumer unit. The device wold also ideally have a split core to enable ease of fitting to the domestic wiring. The TT 50-SD by LEM[74, p. 1] shown in Figure 36, meets these criteria at reasonable cost. The clamp has a 8mm diameter aperture that will easily accommodate the PV system cabling, the mains system cabling in the target domestic installation is multicore  and has no play sufficient to fit the clamp, therefore either a larger clam will be required or some minor wire adjustments, for the purposes of the prototype and this report the TT 50-SD will suffice
[image: ]
[bookmark: _Toc7545788]Figure 36 50Amp current transducer

[bookmark: _Toc7550267]5.	Circuit testing & troubleshooting

The circuit was tested in the proteus simulation software to confirm correct function. The following problems were uncovered.
The voltage peak signal on RB0 is used to trigger an interrupt that will measure the logic level, and therefore the phase, of the current signal on RA5. The signal was found to return inconsistent logic high and low levels without an distinguishable pattern. It can be seen in Figure 37 that the RB0 trigger is consistently centred in the positive phase of the RA5 current waveform.
[image: ]
[bookmark: _Toc7545789]Figure 37 Voltage peak (blue) and current phase waveforms
The 50Hz mains waveform with a positive period of 20ms, given the central position of the voltage peak detect signal, the remaining 10ms of the waveform would seem to sufficient time to complete the operation before a state change occurs. Investigations into this found that the most efficient use of subroutines would require them to only hold the minimum amount of code possible and any extraneous code moved into the main body[75, p. 1], the code was amended to create only a flag setting within the interrupt which could be tested and acted upon with the main code. Upon retest this was found to resolve the issue, although it is noted given the 10ms available to complete the operation with the subroutine version of the code, this may not be the full explanation and further investigations may reveal a further aspect.
[bookmark: _Toc7550268]5.1	Prototyping
The circuit was built in prototype form using breadboards, as shown in Figure 38. 
[image: ]
[bookmark: _Toc7545790]Figure 38 Breadboard prototype circuit
The circuit is divided into sections on individual breadboards to allow simpler identification of the components and ample working space. 
[bookmark: _Toc7550269]Test Equipment
To emulate the signals that would be detected by the circuit in operation the two Digimess Mi200 Function generator was used generate a 50Hz signals. The signals were required to be of varying amplitudes and ideally locked in phase and frequency, this proved problematic as the equipment would constantly vary in frequency and amplitude.

[image: ]
[bookmark: _Toc7545791]Figure 39 Digimess multifunction generator

Therefore, the voltage and current phase detection circuits required to be driven from the same source, this resulted in an inability to generate a voltage and current signal that replicated an export situation. 
As the proof of concept has been proven in the proteus simulation the code was altered to treat an in-phase condition as an export situation and therefore a single supply could be used to test the circuit.  
[bookmark: _Toc7550270]Comparison testing
The two circuit designs were tested with identical situation of import and export current to ensure the circuits functioned as designed. The aim of test will be to present varying levels of import and export current and record the outcome as determined by the circuit and code. These tests are laid out in Tables 9 & 10.
[bookmark: _Toc7550271]Standard Method
	Test
	NG Current
	Low Power Ancillary       (250W)
	Med Power Ancillary       (500W)
	High Power Ancillary (1000W)

	
	
	Predicted
	Actual
	Predicted
	Actual
	Predicted
	Actual

	1
	0
	Off
	Off
	Off
	Off
	Off
	Off

	3
	1
	On
	On
	Off
	Off
	Off
	Off

	4
	2
	Off
	Off
	On
	On
	Off
	Off

	5
	3
	On
	On
	On
	On
	Off
	Off

	6
	4
	Off
	Off
	Off
	Off
	On
	On

	7
	5
	On
	On
	Off
	Off
	On
	On

	8
	6
	Off
	Off
	On
	On
	On
	On

	9
	7
	On
	On
	On
	On
	On
	On

	10
	8
	On
	On
	On
	On
	On
	On


[bookmark: _Toc7545625]Table 9 Standard method testing outcomes
Note: the test equipment used in this test was incapable of presenting antiphase voltage and current and therefore only tested in phase waveforms with the code altered to treat as an export situation.
[bookmark: _Toc7550272]Alternative Method
	Test
	PV Current
	H / NG Current
	Surplus Magnitude (PV – H)
	Low Power Ancillary       (250W)
	Med Power Ancillary       (500W)
	High Power Ancillary (1000W)

	
	
	
	
	Predicted
	Actual
	Predicted
	Actual
	Predicted
	Actual

	11
	0
	1
	-1
	Off
	Off
	Off
	Off
	Off
	Off

	12
	1
	1
	0
	Off
	Off
	Off
	Off
	Off
	Off

	13
	2
	1
	1
	On
	On
	Off
	Off
	Off
	Off

	14
	3
	1
	2
	Off
	Off
	On
	On
	Off
	Off

	15
	4
	1
	3
	On
	On
	On
	On
	Off
	Off

	16
	5
	1
	4
	Off
	Off
	Off
	Off
	On
	On

	17
	6
	1
	5
	On
	On
	Off
	Off
	On
	On

	18
	7
	1
	6
	Off
	Off
	On
	On
	On
	On

	19
	8
	1
	7
	On
	On
	On
	On
	On
	On

	20
	9
	1
	8
	On
	On
	On
	On
	On
	On

	21
	10
	3
	7
	On
	On
	On
	On
	On
	On

	22
	11
	5
	6
	Off
	Off
	On
	On
	On
	On

	23
	12
	7
	5
	On
	On
	Off
	Off
	On
	On

	24
	13
	9
	4
	Off
	Off
	Off
	Off
	On
	On

	25
	13
	10
	3
	On
	On
	On
	On
	Off
	Off

	26
	13
	11
	2
	Off
	Off
	On
	On
	Off
	Off

	27
	13
	12
	1
	On
	On
	Off
	Off
	Off
	Off

	28
	13
	13
	0
	Off
	Off
	Off
	Off
	Off
	Off

	29
	13
	14
	-1
	Off
	Off
	Off
	Off
	Off
	Off


[bookmark: _Toc7545626]Table 10 Alternative method testing outcomes
[bookmark: _Toc7550273]Lab Mains
The project circuit design should be impervious to mains noise, using the proposed current clamp, the lab mains (Figure 40) was sampled and used as a static input to the H current signal and tested against a simulated PV current. The mains current in use was measured independently as 0.69A.
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[bookmark: _Toc7545792]Figure 40 Lab mains signal
The signal shown in Figure 40 shows a pk-pk voltage of 68mV, this equates to an rms value of 24mV.
	V pk-pk = 68mV 		≡		V rms	= 24mV
	As the load resistor in use is 100Ω using I=V/R	
	I = 24 x 10-3 / 100	=	240μA
	Given the turns ratio of the clamp of 3000:1 gives the detected current
	240μA x 3000 = 720mA
This is a reasonable result as it returns a difference of 4% error from the direct measurement of the current and would seem to validate the design
 Standard Method
The system returned no clear analysis of the signal, investigations proved inconclusive although it is surmised that the peak detect circuit was identifying noise on the mains signal as peaks and triggering the interrupt count quicker than the user could appreciate using the display
[bookmark: _Toc7550274]Alternative method
The detected signal was processed by the H magnitude circuit. The op-amp designed gain of 4:1 was used and the system produced a response of declaring the current to be 0A.
The circuit and software as designed handles all calculations as whole numbers in this case the system treated the signal as <1A and remained in the ‘turn off’ condition having not met the threshold of >1A of excess current.
[bookmark: _Toc7550275]5.2	Testing Conclusions
[bookmark: _Toc7550276]Standard Design
As far as was possible the breadboard prototype was tested for function of the design parameters. The standard detection circuit could not be fully tested due to a lack of test equipment facilities fully simulates a dual feed power supply locked in voltage phase, the system required a modification in code as a work around, though despite this, the standard detection circuit functioned as designed as far as could be tested.
[bookmark: _Toc7550277]Alternative Design 
The alternative design worked according to the envisaged outcome, this circuit was the presented the fewest problems with regards build faults, mainly due to its simplicity, it produced no errors when measuring the lab mains signal and showed no sensitivity to the differential frequency/phase of the two signal generators. Therefore, the system to be taken further in development will be the alternative detection method.





[bookmark: _Toc7550278]6.	Circuit PCB design
The full circuit from the proteus simulation and breadboard experiment was transcribed into the Easy-PC software. This allows the circuit to be mapped onto a PCB for production. The transcribed schematic and the PCB design are shown in Annex G. The PCB is 123.1 x 87.9mm and is designed using 4 layers (2 Signal & 2 Power), the design was further emulated in 3D and is shown in Annex H
The aim of this project was to develop a product for use in the authors home, it has been shown that the magnitude method of excess current detection is an effective solution, therefore a magnitude method only version of the breadboard design, a Proteus circuit diagram is shown in Figure 41.
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[bookmark: _Toc7545793]Figure 41 Full system proteus simulation circuit
The circuit was transcribed into East-PC, Figure 42, to design the PCB.
[image: ]
[bookmark: _Toc7545794]Figure 42 Easy-PC transcribed circuit
The Easy-PC schematic was then mapped onto a PCB design, Figure 43. The PCB is 81.3 x 68.6mm, this PCB is further shown in 3D in Figures  44 – 45.
[image: ]
[bookmark: _Toc7545795]Figure 43 Tracked PCB plan
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[bookmark: _Toc7545796]Figure 44 PCB 3D Model (Top View)
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[bookmark: _Toc7545797]Figure 45 PCB 3D Model (Bottom View)


[bookmark: _Toc7550279]7.	Code
The project code was developed into two versions, first the breadboard prototype code. This code is required to process the input from both detection methods, this will be achieved by testing the logic level on a defined input pin.
The code was developed first through flowcharting. Flowcharts are used as a software development tool, they allow the author to develop the logic or the code in plain language through a thought process. Figure 46 shows the main body of the program code which, after the initialising code, detects the required mode desired by the user. Due to errors in code operation at start-up it was found that a start-up count would allow for the author to turn on all devices and the generators to settle prior to the code proper commencing. 
The trig mode is the standard method and is based on an interrupt system. The interrupt is triggered by the peak detect circuit and counts 500 voltage peaks, 10s at UK mains frequency, this is to slow the system down the system response to allow the response to be read.
The code will call functions to turn on ancillary items as defined by the size of any excess. In the event of an import condition the ‘turn off’ will turn off all ancillaries by default.
In the alternative method, the code will capture the magnitude of the PV and Household current, deduce the magnitude of any import/excess and process it appropriately.
[image: ]
[bookmark: _Toc7545798]Figure 46 Breadboard model software flowchart


[image: ]
[bookmark: _Toc7545799]Figure 47Breadboard model function flowchart
The code to be used to test the breadboard circuit is shown in Annex A. 
The production version does not require the code for the standard mode of detection and is omitted along with the appropriate functions and prototypes. This reduced code flowchart is shown in Figures 48 & 49.



[image: ]
[bookmark: _Toc7545800]Figure 48 Production model software flowchart
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[bookmark: _Toc7545801]Figure 49 Production model function flowchart

[bookmark: _Toc7550280]8.	System Block Diagram
The completed system its proposed layout within the enclosure the is shown in Figure 50. 
[image: ]
[bookmark: _Toc7545802]Figure 50 System block diagram
The block diagram shows connectors and wiring for the incoming and outgoing wiring, the incoming wiring would be connected via either a standard 3pin plug or via a switched socket. The outgoing wiring would be connected via switched socket to ancillary devices (underfloor heating / cooling)
[bookmark: _Toc7550281]9.	Costings
Costings for the dual circuit design are shown in Annex E. The system parts price totals £317, although it must be noted that some minor components are not accounted for in this costing (wiring etc) this compares favourably with the solar diverter systems that were identified in the primary research, therefore from the aspect of build cost grounds, this system would be practicable. It must be further noted that the costing of £317 includes the purchase of parts with a minimum purchase quantity, which in itself increase costs of purchase due to low volume prices, notably the PCB with a minimum purchase of 5 boards. Should the cost of these components cost increases be taken into account the unit cost of the system would fall to £252.53.
[bookmark: _Toc7550282]10.	Future Development

The PIC 18F25K50 is a device with sufficient spare capacity to carry the load of extra features, these include USB data download to allow the user to download data. An override system would be a useful addition to the system to allow users more control of a system that is required in times of no excess. The program may also be further developed and include feedback and priority systems such that code will detect when systems fully heated/cooled and /or direct excess power to higher priority ancillaries even at the cost of lower efficiency.  The PIC also has a UART module inbuilt, this raises the possibility of extending the PIC to another device, such as a Wi-Fi module, this would allow a further automatic data connection, this, taken further, could realise connectivity to a smart device/app that would allow vocal control of the system and make use of the interaction advantages of the current generation of in home assistants.


















[bookmark: _Toc7550283]11.	Conclusions

This aim of this project was to project was to investigate methods of storing excess solar energy further the project was to develop an alternative energy storage system with an eye on developing a system with a lower price point than conventional battery storage solutions.
Research found that standard smart meters and diverters differentiate import and export current by comparing the phases of voltage and current, where in phase signals indicate an import situation and antiphase signals indicate export.
A survey showed that although a large proportion of the respondents have fitted or have an interest in fitting solar panels the majority would seem to have a domestic schedule whereby the majority of any surplus would not be used, further the respondents believed that any system in place should pay for itself financially. There is a further problem of the logistics of installing any solution into a home, most respondents homes do not have the physical space or capability to install a hot water tank, let alone a swimming pool, therefore a less intrusive solution is required.
The current market solutions are unlikely to recoup their installation costs, particularly in the case study carried out, it is possible that energy could be stored in non-traditional means, such as concrete thermal store, it is also reasonable to use surplus energy to remove heat by use of cooling systems, these options can by this engineering solution give the system owner options to choose their preference for the destination of surplus power, rather than dedicating this excess to a single solution.
Switching voltage rectifiers provide a higher efficiency than linear models by working in a way similar to PWM. Solid-state relays are more efficient and reliable method of controlling power to ancillaries than mechanical relays, by means of LEDs and triac rather than coils.
The alternate method of detecting export current has been shown to be noise phase and frequency insensitive, thereby avoiding some of the problems commonly associated with the current generation of smart meters. 
This of using current magnitude comparison has overall proven itself to have the possibility of providing a reliable, adaptable and financially viable alternative for the detection and use of surplus solar energy that users can be fitted into the home without difficulty.
Through the process of completing this project and writing this paper, it has been painfully reinforced that the need for the engineer to carryout thorough research into the problem at hand is paramount, reinventing the wheel is not an efficient use of the engineer’s time. The more time spent on properly focused research will, inevitably, be recouped in the build and development phase where time can then be spent on genuinely new approaches a problem.
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[bookmark: _Toc7550285]Annex A
Breadboard Prototype Program Code 
#include <main.h>
#define LCD_ENABLE_PIN PIN_B1					// Define LCD Pins
#define LCD_RS_PIN PIN_B2
#define LCD_RW_PIN PIN_B3
#define LCD_DATA4 PIN_B4
#define LCD_DATA5 PIN_B5
#define LCD_DATA6 PIN_B6
#define LCD_DATA7 PIN_B7
#define MODE PIN_A6
#include <lcd.c>
long int NGMag=0;
long int HMag=0; 
long int PVMag=0;
long int NGPhase=0;
long int NGPeak=0;
int startupcount=15;
int started=0;
int ImportMag=0;
int vpeakcount=0;  
int ExcessMag=0;  							// used to be a long int, check works as a short int
void ngmag(void);							// Prototypes of sub-routines
void turnon(void);  							// Prototypes of sub-routines
void turnoff(void) ;							// Prototypes of sub-routines
#int_ext								// Interrupt sub-routine
void detect_rb0_change() 						// Detects an interrupt on RB0
{
if(started==1&&input(MODE)==1)					// Check if start-up has finished and mode set
 	{							// Main IF of this interrupt
  	 vpeakcount++;						// Do the trigger code every 10 seconds
	 if (vpeakcount>=500) 					//500peaks at 50hz is 10secs
        		{
	       	if(input(PIN_A5))
		  	{  NGPhase=1; }				// Do this if current phase indicates importing
	       	if(!input(PIN_A5))
		     	{ NGPhase=0;}				// Do this if current phase indicates exporting
		 vpeakcount=0;					// Reset the  peak count
        		}
	 output_toggle(PIN_A4);					// Toggle LED when interrupt
     	}							// End of main IF
}								// End of interrupt

void ngmag(void)							// Import magnitude Sub-routine
{
set_adc_channel(3); 							// Set ADC to channel 3
ExcessMag = read_adc();						// Read NG Magnitude
ExcessMag=ExcessMag/20;						// Divide so that 5V is 50 Amp max of sensor
printf(lcd_putc,"\fGrid = %d Amps",ExcessMag);				// Output to LCD
delay_ms(1000);							// Delay by 1Sec so screen can be read
}
   
void turnon(void)							// Turning on appliances Sub-routine
{
printf(lcd_putc,"\fExporting = %dAmps\nTurning on",ExcessMag);		// Display to LCD 
delay_ms(1000);							// Delay 1 Sec to read LCD
 	if (ExcessMag>=0x07)  					// If 7 or more amps exporting, turn all on
           		{
         		output_c(0x87);					// Turn all on
         		ExcessMag=ExcessMag-7;				// Recalculate
         		printf(lcd_putc,"\fExporting=%dAmps\nMAX ON",ExcessMag);	// Display excess still being exported
         		delay_ms(1000);					// Delay 1 Sec to read LCD
           		}						// End of Max power IF
	else 							// Calculate excess
       		{
            		ExcessMag=ExcessMag + 0x80;				// Adjust Mag to include exp status LED
         		output_c(ExcessMag);					// Output to turn on Require elements
         		ExcessMag=0;					// Set Excess to now equal zero
         		printf(lcd_putc,"\fExporting=%dAmps\n",ExcessMag);		// Set to display that zero power exporting
         		delay_ms(1000);					// Delay 1 Sec to read display
         		} 						// End of calculate excess ELSE
}								// End of Turn on Interrupt

 void turnoff(void) 							// Start of Turn off Interrupt
	{
   	output_c(0x40);						// Turn off Port C outputs
      	printf(lcd_putc,"\fImporting = %d Amps \nTurning off",ImportMag);	// Display that we are importing
   	delay_ms(1000); 						// Delay 1 Sec to read LCD
	}							// End of Turn off Interrupt
 
void main()							// Start of Main program
{
setup_adc_ports(sAN1|sAN2|sAN3);					// Enable ADC ports 1-3
setup_adc(ADC_CLOCK_INTERNAL|ADC_TAD_MUL_0);				// Set ADC to run off internal timing enable_interrupts(INT_EXT_l2h);   					// Set interrupts to work on a low-high transition
enable_interrupts(GLOBAL);						// General interrupts enable
lcd_init();								// Initiate LCD
printf(lcd_putc,"\fPreparing to start");					// Print to LCD
delay_ms(1000);							// Delay 1 Sec to read LCD
	while(startupcount>0)					// WHILE loop of program start-up
       	{
        	printf(lcd_putc,"\fReady in %d\nVersion 27",startupcount);		// Display start-up count
        	startupcount=startupcount-1;  					// Decrement count
        	delay_ms(1000);						// Delay 1 Sec to read LCD
        	}
printf(lcd_putc,"\fReady...\nSystem Running");				// Display program started
started=1;								// Set flag the countdown finished
while(TRUE)							// Main program WHILE loop
{
	if (input(PIN_A6)==1)						// Test of mode Required 1 is trig code
               	{			
              	printf(lcd_putc,"\fRun Code\nTrigger");				// Display mode detected
	delay_ms(1000);						// Delay 1 Sec to read LCD
		if (NGPhase==1)					// Detect if importing
		{
		ngmag();						// Run Sub-routine to measure export current
		turnon();						// Run sub-routine to use excess
		printf(lcd_putc,"\fPhase positive ");  			// Display Phase test result
		delay_ms(1000);					// Delay 1 Sec to read LCD
		}
		else						// Must be importing
		{	
		turnoff();						// Run sub-routine to turn off  
		printf(lcd_putc,"\fNEG Phase Imp");			// Display Phase test result
		delay_ms(1000);					// Delay 1 Sec to read LCD
		}
	}							// End of IF Running Trig code
          	else
            	{							// Start of ELSE, Run Derek code
           	 printf(lcd_putc,"\fRun Code\nMagnitude");
            	delay_ms(1000);
            	output_low(ProgramRUN);					// toggle ???
            	set_adc_channel(2); 						// Set ADC to channel 2
            	HMag = read_adc();						// Read House current load
           	HMag=HMag/20; 						// Bring House ADC down to current level
            	printf(lcd_putc,"\fHouse = %ldAmps \n",HMag);			// Display household demand
            	delay_ms(1000);						// Delay 1 Sec to read LCD
            	output_high(ProgramRUN);					// toggle ??
            	set_adc_channel(1);						// Set ADC to channel 1
            	PVMag = read_adc();						// Read PV current
            	PVMag=PVMag/20;						// Bring PV ADC down to current level
            	printf(lcd_putc,"\fPV o/p = %ldAmps\n",PVMag);			// Display PV current
            	delay_ms(1000);						// Delay 1 Sec to read LCD
		if (HMag>=PVMag)					// Test IF importing
                		{	
                 	  	turnoff();						// Turn off as system importing
		ImportMag=(HMag-PVMag);				// Define importing current
                  	 	printf(lcd_putc,"\fImporting = %d Amps\n",ImportMag);	// Print Import current magnitude
                 	  	delay_ms(1000);					// Delay 1 Sec to read LCD
                   		}								
		else
               		{ 						// Start of ELSE Exporting
                  		ExcessMag=(PVMag-HMag);				// Calculate Excess
                 		printf(lcd_putc,"\fExporting = %d Amps \n",ExcessMag);	// Display Excess detected
                    	delay_ms(1000);					// Delay 1 Sec to read LCD
                    	turnon();						// Excess available run turn on Sub-routine
                 		}						// End of ELSE Exporting
            	}							// End of ELSE running Derek code
} 	  							// End of main WHILE loop
}   								// End of main
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#include <main.h>
#define LCD_ENABLE_PIN PIN_B1					// Define LCD Pins
#define LCD_RS_PIN PIN_B2
#define LCD_RW_PIN PIN_B3
#define LCD_DATA4 PIN_B4
#define LCD_DATA5 PIN_B5
#define LCD_DATA6 PIN_B6
#define LCD_DATA7 PIN_B7
#include <lcd.c>
long int HMag=0; 
long int PVMag=0;
int startupcount=15;
int ImportMag=0;
int ExcessMag=0;  							// This used to be long int, check it works as a short int XX
void turnon(void);  							// Prototypes of sub-routines
void turnoff(void) ;							// Prototypes of sub-routines
   
void turnon(void)							// Turning on appliances Sub-routine
{
printf(lcd_putc,"\fExporting = %d Amps \nTurning on",ExcessMag);			// Display to LCD 
delay_ms(1000);							// Delay 1 Sec to read LCD
 	if (ExcessMag>=0x07)  						// If 7 or more amps exporting, turn all on
           		{
         		output_c(0x87);					// Turn all on
         		ExcessMag=ExcessMag-7;				// Recalculate
         		printf(lcd_putc,"\fExporting=%dAmps\nMAX",ExcessMag);		// Display excess still being exported
         		delay_ms(1000);					// Delay 1 Sec to read LCD
           		}						// End of Max power IF
	else 							// Calculate excess
       		{
            		ExcessMag=ExcessMag + 0x80;				// Adjust Mag to include exp status LED
         		output_c(ExcessMag);					// Output to turn on Require elements
         		ExcessMag=0;					// Set Excess to now equal zero
         		printf(lcd_putc,"\fExporting=%dAmps\n",ExcessMag);		// Set to display that zero power exporting
         		delay_ms(1000);					// Delay 1 Sec to read display
         		} 						// End of calculate excess ELSE
}								// End of Turn on Interrupt

 void turnoff(void) 							// Start of Turn off Interrupt
	{
   	output_c(0x40);			// Turn off Port C outputs
      	printf(lcd_putc,"\fImporting = %d Amps \nTurning off",ImportMag);	// Display that we are importing
   	delay_ms(1000); 						// Delay 1 Sec to read LCD
	}							// End of Turn off Interrupt
 
void main()							// Start of Main program
{
setup_adc_ports(sAN1|sAN2);					// Enable ADC ports 1-3
setup_adc(ADC_CLOCK_INTERNAL|ADC_TAD_MUL_0);				// Set ADC to run off internal timing enable_interrupts(INT_EXT_l2h);   					// Set interrupts to work on a low-high transition
enable_interrupts(GLOBAL);						// General interrupts enable
lcd_init();								// Initiate LCD
printf(lcd_putc,"\fPreparing to start");					// Print to LCD
delay_ms(1000);							// Delay 1 Sec to read LCD
	while(startupcount>0)					// WHILE loop of program start-up
       	{
        	printf(lcd_putc,"\fReady in %d\nVersion 27",startupcount);		// Display start-up count
        	startupcount=startupcount-1;  					// Decrement count
        	delay_ms(1000);						// Delay 1 Sec to read LCD
        	}
printf(lcd_putc,"\fReady...\nSystem Running");					// Display program started
						
while(TRUE)							// Main program WHILE loop
{
           	 printf(lcd_putc,"\fMagnitude Detect\nCode Running");
            	delay_ms(1000);
            	output_toggle(ProgramRUN);					// toggle program run LED
            	set_adc_channel(2); 						// Set ADC to channel 2
            	HMag = read_adc();						// Read House current load
           	HMag=HMag/20; 						// Bring House ADC down to current level
            	printf(lcd_putc,"\fHouse = %ld Amps \n",HMag);			// Display household demand
            	delay_ms(1000);						// Delay 1 Sec to read LCD
            	output_toggle(ProgramRUN);					// toggle program LED
            	set_adc_channel(1);						// Set ADC to channel 1
            	PVMag = read_adc();						// Read PV current
            	PVMag=PVMag/20;						// Bring PV ADC down to current level
            	printf(lcd_putc,"\fPV o/p = %ld Amps \n",PVMag);			// Display PV current
            	delay_ms(1000);						// Delay 1 Sec to read LCD
		if (HMag>=PVMag)					// Test IF importing
                		{	
                 	  	turnoff();						// Turn off as system importing
		ImportMag=(HMag-PVMag);				// Define importing current
                  	 	printf(lcd_putc,"\fImporting = %d Amps\n",ImportMag);	// Print Import current magnitude
                 	  	delay_ms(1000);					// Delay 1 Sec to read LCD
                   		}								
		else
               		{ 						// Start of ELSE Exporting
                  		ExcessMag=(PVMag-HMag);				// Calculate Excess
                 		printf(lcd_putc,"\fExporting = %d Amps \n",ExcessMag);	// Display Excess detected
                    	delay_ms(1000);					// Delay 1 Sec to read LCD
                    	turnon();						// Excess available run turn on Sub-routine
                 		}						// End of ELSE Exporting
} 	  							// End of main WHILE loop
}   								// End of main
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	Time
	Hotel Load
	PV Output
	Surplus ?
	Surplus PV?
	 
	Time
	Hotel Load
	PV Output
	Surplus ?
	Surplus PV?

	00:00:00
	112
	0
	0
	-112 
	 
	12:00:00
	67 
	3445 
	3378 
	3378 

	00:15:00
	46
	0
	0
	-46 
	 
	12:15:00
	25 
	3411 
	3386 
	3386 

	00:30:00
	65
	0
	0
	-65 
	 
	12:30:00
	323 
	3376 
	3053 
	3053 

	00:45:00
	95
	0
	0
	-95 
	 
	12:45:00
	377 
	3273 
	2896 
	2896 

	01:00:00
	88
	0
	0
	-88 
	 
	13:00:00
	393 
	3135 
	2742 
	2742 

	01:15:00
	58
	0
	0
	-58 
	 
	13:15:00
	27 
	2963 
	2936 
	2936 

	01:30:00
	104
	0
	0
	-104 
	 
	13:30:00
	215 
	2756 
	2541 
	2541 

	01:45:00
	78
	0
	0
	-78 
	 
	13:45:00
	362 
	2515 
	2153 
	2153 

	02:00:00
	32
	0
	0
	-32 
	 
	14:00:00
	291 
	2239 
	1949 
	1949 

	02:15:00
	24
	0
	0
	-24 
	 
	14:15:00
	193 
	1929 
	1736 
	1736 

	02:30:00
	62
	0
	0
	-62 
	 
	14:30:00
	404 
	1585 
	1181 
	1181 

	02:45:00
	24
	0
	0
	-24 
	 
	14:45:00
	162 
	1275 
	1113 
	1113 

	03:00:00
	26
	0
	0
	-26 
	 
	15:00:00
	47 
	999 
	952 
	952 

	03:15:00
	25
	0
	0
	-25 
	 
	15:15:00
	291 
	758 
	467 
	467 

	03:30:00
	43
	0
	0
	-43 
	 
	15:30:00
	375 
	551 
	176 
	176 

	03:45:00
	127
	0
	0
	-127 
	 
	15:45:00
	37 
	379 
	342 
	342 

	04:00:00
	69
	0
	0
	-69 
	 
	16:00:00
	229 
	241 
	12 
	12 

	04:15:00
	85
	0
	0
	-85 
	 
	16:15:00
	17 
	138 
	121 
	121 

	04:30:00
	66
	0
	0
	-66 
	 
	16:30:00
	384 
	138 
	0 
	-246 

	04:45:00
	5
	0
	0
	-5 
	 
	16:45:00
	962 
	138 
	0 
	-824 

	05:00:00
	61
	0
	0
	-61 
	 
	17:00:00
	165 
	103 
	0 
	-61 

	05:15:00
	63
	0
	0
	-63 
	 
	17:15:00
	923 
	103 
	0 
	-819 

	05:30:00
	345
	0
	0
	-345 
	 
	17:30:00
	2730 
	103 
	0 
	-2627 

	05:45:00
	521
	0
	0
	-521 
	 
	17:45:00
	2325 
	69 
	0 
	-2256 

	06:00:00
	830
	34
	0
	-795 
	 
	18:00:00
	2790 
	69 
	0 
	-2721 

	06:15:00
	640
	34
	0
	-605 
	 
	18:15:00
	7622 
	69 
	0 
	-7553 

	06:30:00
	238
	69
	0
	-169 
	 
	18:30:00
	2978 
	69 
	0 
	-2909 

	06:45:00
	467
	69
	0
	-398 
	 
	18:45:00
	2663 
	34 
	0 
	-2629 

	07:00:00
	2017
	69
	0
	-1948 
	 
	19:00:00
	3600 
	34 
	0 
	-3566 

	07:15:00
	5978
	69
	0
	-5909 
	 
	19:15:00
	1574 
	34 
	0 
	-1539 

	07:30:00
	98
	69
	0
	-29 
	 
	19:30:00
	2165 
	34 
	0 
	-2131 

	07:45:00
	106
	138
	32
	32 
	 
	19:45:00
	8 
	0 
	0 
	-8 

	08:00:00
	6590
	241
	0
	-6349 
	 
	20:00:00
	965 
	0 
	0 
	-965 

	08:15:00
	240
	379
	139
	139 
	 
	20:15:00
	351 
	0 
	0 
	-351 

	08:30:00
	682
	551
	0
	-131 
	 
	20:30:00
	973 
	0 
	0 
	-973 

	08:45:00
	660
	758
	98
	98 
	 
	20:45:00
	914 
	0 
	0 
	-914 

	09:00:00
	324
	999
	675
	675 
	 
	21:00:00
	285 
	0 
	0 
	-285 

	09:15:00
	610
	1275
	664
	664 
	 
	21:15:00
	446 
	0 
	0 
	-446 

	09:30:00
	844
	1585
	741
	741 
	 
	21:30:00
	39 
	0 
	0 
	-39 

	09:45:00
	626
	1929
	1303
	1303 
	 
	21:45:00
	1014 
	0 
	0 
	-1014 

	10:00:00
	191
	2239
	2048
	2048 
	 
	22:00:00
	209 
	0 
	0 
	-209 

	10:15:00
	361
	2515
	2154
	2154 
	 
	22:15:00
	409 
	0 
	0 
	-409 

	10:30:00
	37
	2756
	2719
	2719 
	 
	22:30:00
	44 
	0 
	0 
	-44 

	10:45:00
	344
	2963
	2618
	2618 
	 
	22:45:00
	11 
	0 
	0 
	-11 

	11:00:00
	411
	3135
	2724
	2724 
	 
	23:00:00
	9 
	0 
	0 
	-9 

	11:15:00
	9
	3273
	3264
	3264 
	 
	23:15:00
	55 
	0 
	0 
	-55 

	11:30:00
	8
	3376
	3368
	3368 
	 
	23:30:00
	97 
	0 
	0 
	-97 

	11:45:00
	430
	3411
	2981
	2981 
	 
	23:45:00
	24 
	0 
	0 
	-24 
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	Product
	5k price
	family
	cpu speed
	FPU
	Pin Count
	Prog Mem
	SRAM
	EEPROM
	AD  i/p
	ADC res
	UART
	SPI
	I2C
	USB
	USB i/f
	dig tmrs

	PIC16F1788
	£1.44
	Enh. Mid-Range
	32
	No
	28
	28
	2048
	256
	11
	12
	1
	1
	1
	0
	0
	2

	PIC18F24K50
	£1.65
	High Perf. 8-bit
	48
	No
	28
	16
	2048
	256
	14
	10
	1
	1
	1
	1
	FS
	2

	PIC18F25K50
	£1.76
	High Perf. 8-bit
	48
	No
	28
	32
	2048
	256
	14
	10
	1
	1
	1
	1
	FS
	2

	PIC16F1713
	£0.92
	Enh. Mid-Range
	32
	No
	28
	7
	512
	0
	17
	10
	1
	1
	1
	0
	0
	4

	PIC16F1716
	£0.98
	Enh. Mid-Range
	32
	No
	28
	14
	1024
	0
	17
	10
	1
	1
	1
	0
	0
	4

	PIC16F1718
	£1.05
	Enh. Mid-Range
	32
	No
	28
	28
	2048
	0
	17
	10
	1
	1
	1
	0
	0
	4

	PIC16F1773
	£1.41
	Enh. Mid-Range
	32
	No
	28
	7
	512
	0
	17
	10
	1
	1
	1
	0
	0
	5

	PIC16F1776
	£1.48
	Enh. Mid-Range
	32
	No
	28
	14
	1024
	0
	17
	10
	1
	1
	1
	0
	0
	5

	PIC16F1778
	£1.57
	Enh. Mid-Range
	32
	No
	28
	28
	2048
	0
	17
	10
	1
	1
	1
	0
	0
	5

	PIC16F19155
	£1.06
	Enh. Mid-Range
	32
	 
	28
	14
	1024
	256
	20
	12
	2
	1
	1
	0
	0
	2

	PIC16F19156
	£1.15
	Enh. Mid-Range
	32
	 
	28
	28
	2048
	256
	20
	12
	2
	1
	1
	0
	0
	2

	PIC16F15354
	£0.73
	Enh. Mid-Range
	32
	No
	28
	7
	512
	0
	24
	10
	2
	2
	2
	0
	0
	1

	PIC16F15355
	£0.80
	Enh. Mid-Range
	32
	No
	28
	14
	1024
	0
	24
	10
	2
	2
	2
	0
	0
	1

	PIC16F15356
	£0.88
	Enh. Mid-Range
	32
	No
	28
	28
	2048
	0
	24
	10
	2
	2
	2
	0
	0
	1

	PIC16F18455
	£0.95
	Enh. Mid-Range
	32
	No
	28
	14
	1024
	256
	24
	12
	2
	2
	2
	0
	0
	4

	PIC16F18456
	£1.04
	Enh. Mid-Range
	32
	No
	28
	28
	2048
	256
	24
	12
	2
	2
	2
	0
	0
	4

	PIC18F25K83
	£1.41
	High Perf. 8-bit
	64
	No
	28
	32
	2048
	1024
	24
	12
	2
	1
	1
	0
	0
	3

	PIC18F26K42
	£1.23
	8-bit High Perf
	64
	 
	28
	64
	4096
	1024
	24
	12
	2
	1
	2
	0
	0
	3

	PIC18F26K83
	£1.51
	High Perf. 8-bit
	64
	No
	28
	64
	4096
	1024
	24
	12
	2
	1
	1
	0
	0
	3

	PIC18F27K42
	£1.37
	8-bit High Perf
	64
	 
	28
	128
	8192
	1024
	24
	12
	2
	1
	2
	0
	0
	3

	PIC18F24Q10
	£0.81
	High Perf. 8-bit
	64
	No
	28
	16
	1024
	256
	24
	10
	1
	1
	1
	0
	0
	3

	PIC18F25Q10
	£0.90
	High Perf. 8-bit
	64
	No
	28
	32
	2048
	256
	24
	10
	1
	1
	1
	0
	0
	3

	PIC18F25K42
	£1.15
	8-bit High Perf
	64
	 
	28
	32
	8192
	1024
	24
	12
	2
	1
	2
	0
	0
	3

	PIC18F26K40
	£1.02
	High Perf. 8-bit
	64
	No
	28
	64
	3728
	1024
	24
	10
	2
	2
	2
	0
	0
	3

	PIC18F27K40
	£1.20
	High Perf. 8-bit
	64
	No
	28
	128
	3728
	1024
	24
	10
	2
	2
	2
	0
	0
	3

	PIC16F18854
	£0.78
	Baseline 8-bit
	32
	No
	28
	7
	512
	256
	24
	10
	1
	2
	2
	0
	0
	3

	PIC16F18855
	£0.84
	Baseline 8-bit
	32
	No
	28
	14
	1024
	256
	24
	10
	1
	2
	2
	0
	0
	3

	PIC16F18856
	£0.94
	Baseline 8-bit
	32
	No
	28
	28
	2048
	256
	24
	10
	1
	2
	2
	0
	0
	3

	PIC16F18857
	£1.04
	Baseline 8-bit
	32
	No
	28
	56
	4096
	256
	24
	10
	1
	2
	2
	0
	0
	3

	PIC18F24K40
	£0.87
	High Perf. 8-bit
	64
	No
	28
	16
	1024
	256
	24
	10
	1
	1
	1
	0
	0
	3

	PIC18F24K42
	£1.08
	High Perf. 8-bit
	64
	No
	28
	16
	1024
	256
	24
	12
	2
	1
	2
	0
	0
	3

	PIC18F25K40
	£0.94
	High Perf. 8-bit
	64
	No
	28
	32
	2048
	256
	24
	10
	1
	1
	1
	0
	0
	3
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	Pt No
	 
	Component
	Supplier
	Manufacturer
	Qty Req
	Cost
	Total Cost
	PPQ
	Packs Req
	Pack cost EX VAT
	
	Pack cost Inc VAT
	Total Cost exVAT
	Total Cost Inc VAT

	1
	Enclosure
	Enclosure
	RS
	 
	1
	£43.62
	£43.62
	1
	1
	£43.62
	
	£52.34
	£43.62
	£52.34

	2
	Relay
	XKA20420
	Farnell
	 
	3
	£24.11
	£72.33
	1
	3
	£24.11
	
	£28.93
	£72.33
	£86.80

	3
	DIN Rail
	DIN Rail
	RS
	 
	1
	£3.77
	£3.77
	1
	1
	£3.14
	
	£3.77
	£3.14
	£3.77

	4
	Transformer
	NDk-49
	RSElectricals
	 
	1
	£16.20
	£16.20
	1
	1
	£13.50
	
	£16.20
	£13.50
	£16.20

	5
	LED
	Red
	RS
	 
	3
	£0.45
	£1.35
	5
	1
	£1.89
	
	£2.27
	£1.89
	£2.27

	6
	LED
	Yellow
	RS
	 
	2
	£0.48
	£0.96
	5
	1
	£2.00
	
	£2.40
	£2.00
	£2.40

	7
	LED
	Green
	RS
	 
	2
	£0.48
	£0.96
	5
	1
	£2.00
	
	£2.40
	£2.00
	£2.40

	8
	PIC
	PIC18F25K50
	Farnell
	MicroChip
	1
	£2.51
	£2.51
	1
	1
	£2.09
	
	£2.51
	£2.09
	£2.51

	9
	Linear Voltage Regulator
	7805
	RS
	 
	1
	£0.81
	£0.81
	5
	1
	£3.38
	
	£4.06
	£3.38
	£4.06

	10
	
	7812
	RS
	 
	1
	£2.42
	£2.42
	1
	1
	£2.02
	
	£2.42
	£2.02
	£2.42

	11
	
	7912
	RS
	 
	1
	£2.41
	£2.41
	1
	1
	£2.02
	
	£2.42
	£2.02
	£2.42

	12
	Op-Amp
	LM741
	RS
	 
	6
	£0.80
	£4.80
	5
	2
	£3.33
	
	£4.00
	£6.66
	£7.99

	13
	PCB
	PCB
	JLC
	JLC
	1
	£43.33
	£43.33
	5
	1
	£36.08
	
	£43.33
	£36.08
	£43.33

	14
	LCD
	162B-CC-BC-3LP 
	RS
	Displaytech
	1
	£6.92
	£6.92
	1
	1
	£6.92
	
	£8.30
	£6.92
	£8.30

	15
	MOSFETs
	BS170
	RS
	 
	3
	£0.24
	£0.72
	10
	1
	£2.00
	
	£2.40
	£2.00
	£2.40

	16
	Resistors
	220
	RS
	 
	7
	£0.14
	£0.96
	10
	1
	£1.14
	
	£1.37
	£1.14
	£1.37

	17
	 
	100
	RS
	 
	3
	£0.14
	£0.42
	10
	1
	£1.15
	
	£1.38
	£1.15
	£1.38

	18
	 
	100k
	RS
	 
	10
	£0.05
	£0.50
	20
	1
	£1.00
	
	£1.20
	£1.00
	£1.20

	19
	 
	27k
	RS
	 
	3
	£0.10
	£0.30
	10
	1
	£1.00
	
	£1.20
	£1.00
	£1.20

	20
	 
	10k
	RS
	 
	6
	£0.12
	£0.72
	10
	1
	£1.00
	
	£1.20
	£1.00
	£1.20

	21
	 
	1k
	RS
	 
	4
	£0.12
	£0.48
	10
	1
	£1.00
	
	£1.20
	£1.00
	£1.20

	22
	 
	500k
	RS
	 
	1
	£1.00
	£1.00
	1
	1
	£1.00
	
	£1.20
	£1.00
	£1.20

	23
	Capacitor
	470nF
	RS
	 
	1
	£0.44
	£0.44
	10
	1
	£3.69
	
	£4.43
	£3.69
	£4.43

	24
	 
	33nF
	RS
	 
	5
	£3.69
	£18.45
	1
	5
	£3.69
	
	£4.43
	£18.45
	£22.14

	25
	 
	1u
	RS
	 
	3
	£0.27
	£0.81
	25
	1
	£6.67
	
	£8.00
	£6.67
	£8.00

	26
	 
	10u
	RS
	 
	3
	£0.20
	£0.60
	5
	1
	£0.99
	
	£1.19
	£0.99
	£1.19

	27
	 
	100u
	RS
	 
	2
	£0.23
	£0.46
	5
	1
	£0.95
	
	£1.14
	£0.95
	£1.14

	28
	Diodes
	signal
	RS
	 
	4
	£0.24
	£0.96
	10
	1
	£2.00
	
	£2.40
	£2.00
	£2.40

	29
	 
	zener
	RS
	 
	5
	£0.12
	£0.60
	20
	1
	£2.00
	
	£2.40
	£2.00
	£2.40

	30
	Clamp
	tt 50 sd
	Farnell
	Celuc
	3
	£26.48
	£79.44
	1
	3
	£22.06
	
	£26.47
	£66.18
	£79.42

	31
	switch
	SK11202
	Rapid
	Rapid
	1
	£0.47
	£0.47
	5
	1
	£0.47
	
	£0.56
	£0.47
	£0.56

	32
	PV Inverter
	SolarRiver
	CEC
	SamilPower
	1
	 
	£0.00
	 
	0
	 
	
	£0.00
	£0.00
	£0.00

	33
	Solar Panels
	CS6P-265
	CEC
	Canadian Solar
	13
	 
	£0.00
	 
	0
	 
	
	£0.00
	£0.00
	£0.00

	
	
	
	
	
	
	
	
	
	
	
	
	Totals
	£308.34
	£370.04

	
	
	
	
	
	
	
	
	
	
	
	
	 
	Ex VAT
	Inc VAT





[bookmark: _Toc7550290]Annex F Build costs alternative PCB system 

	Pt No
	 
	Component
	Supplier
	Manufacturer
	Qty Req
	Cost
	Total Cost
	PPQ
	Packs Req
	Pack cost EX VAT
	Pack cost Inc VAT
	Total Cost exVAT
	Total Cost Inc VAT

	1
	Enclosure
	Enclosure
	RS
	 
	1
	£43.62
	£43.62
	1
	1
	£43.62
	£52.34
	£43.62
	£52.34

	2
	Relay
	XKA20420
	Farnell
	 
	3
	£24.11
	£72.33
	1
	3
	£24.11
	£28.93
	£72.33
	£86.80

	3
	DIN Rail
	DIN Rail
	RS
	 
	1
	£3.77
	£3.77
	1
	1
	£3.14
	£3.77
	£3.14
	£3.77

	4
	Transformer
	NDk-49
	RSElectricals
	 
	1
	£16.20
	£16.20
	1
	1
	£13.50
	£16.20
	£13.50
	£16.20

	5
	LED
	Red
	RS
	 
	2
	£0.45
	£0.90
	5
	1
	£1.89
	£2.27
	£1.89
	£2.27

	6
	LED
	Yellow
	RS
	 
	2
	£0.48
	£0.96
	5
	1
	£2.00
	£2.40
	£2.00
	£2.40

	7
	LED
	Green
	RS
	 
	2
	£0.48
	£0.96
	5
	1
	£2.00
	£2.40
	£2.00
	£2.40

	8
	PIC
	PIC18F25K50
	Farnell
	MicroChip
	1
	£2.51
	£2.51
	1
	1
	£2.09
	£2.51
	£2.09
	£2.51

	9
	Linear Voltage Regulator
	7805
	RS
	 
	1
	£0.81
	£0.81
	5
	1
	£3.38
	£4.06
	£3.38
	£4.06

	10
	
	7812
	RS
	 
	1
	£2.42
	£2.42
	1
	1
	£2.02
	£2.42
	£2.02
	£2.42

	11
	
	7912
	RS
	 
	1
	£2.41
	£2.41
	1
	1
	£2.02
	£2.42
	£2.02
	£2.42

	12
	Op-Amp
	LM741
	RS
	 
	2
	£0.80
	£1.60
	5
	1
	£3.33
	£4.00
	£3.33
	£4.00

	13
	PCB
	PCB
	JLC
	JLC
	1
	£35.83
	£35.83
	5
	1
	£29.86
	£35.83
	£29.86
	£35.83

	14
	LCD
	162B-CC-BC-3LP 
	RS
	Displaytech
	1
	£6.92
	£6.92
	1
	1
	£6.92
	£8.30
	£6.92
	£8.30

	15
	MOSFETs
	bs170
	RS
	 
	3
	£0.24
	£0.72
	10
	1
	£2.00
	£2.40
	£2.00
	£2.40

	16
	Resistors
	220
	RS
	 
	6
	£0.14
	£0.82
	10
	1
	£1.14
	£1.37
	£1.14
	£1.37

	17
	 
	100
	RS
	 
	2
	£0.14
	£0.28
	10
	1
	£1.15
	£1.38
	£1.15
	£1.38

	18
	 
	100k
	RS
	 
	4
	£0.05
	£0.20
	20
	1
	£1.00
	£1.20
	£1.00
	£1.20

	19
	 
	27k
	RS
	 
	2
	£0.10
	£0.20
	10
	1
	£1.00
	£1.20
	£1.00
	£1.20

	20
	 
	10k
	RS
	 
	2
	£0.12
	£0.24
	10
	1
	£1.00
	£1.20
	£1.00
	£1.20

	21
	 
	1k
	RS
	 
	3
	£0.12
	£0.36
	10
	1
	£1.00
	£1.20
	£1.00
	£1.20

	22
	 
	500k
	RS
	 
	0
	£1.00
	£0.00
	1
	0
	£1.00
	£1.20
	£0.00
	£0.00

	23
	Capacitor
	470nF
	RS
	 
	1
	£0.44
	£0.44
	10
	1
	£3.69
	£4.43
	£3.69
	£4.43

	24
	 
	33nF
	RS
	 
	2
	£3.69
	£7.38
	1
	2
	£3.69
	£4.43
	£7.38
	£8.86

	25
	 
	1u
	RS
	 
	3
	£0.27
	£0.81
	25
	1
	£6.67
	£8.00
	£6.67
	£8.00

	26
	 
	10u
	RS
	 
	3
	£0.20
	£0.60
	5
	1
	£0.99
	£1.19
	£0.99
	£1.19

	27
	 
	100u
	RS
	 
	2
	£0.23
	£0.46
	5
	1
	£0.95
	£1.14
	£0.95
	£1.14

	28
	Diodes
	signal
	RS
	 
	2
	£0.24
	£0.48
	10
	1
	£2.00
	£2.40
	£2.00
	£2.40

	29
	 
	zener
	RS
	 
	2
	£0.12
	£0.24
	20
	1
	£2.00
	£2.40
	£2.00
	£2.40

	30
	Clamp
	tt 50 sd
	Farnell
	Celuc
	2
	£26.48
	£52.96
	1
	2
	£22.06
	£26.47
	£44.12
	£52.94

	31
	switch
	SK11202
	Rapid
	Rapid
	0
	£0.47
	£0.00
	5
	0
	£0.47
	£0.56
	£0.00
	£0.00

	32
	PV Inverter
	SolarRiver
	CEC
	SamilPower
	1
	 
	£0.00
	 
	0
	 
	£0.00
	£0.00
	£0.00

	33
	Solar Panels
	CS6P-265
	CEC
	Canadian Solar
	13
	 
	£0.00
	 
	0
	 
	£0.00
	£0.00
	£0.00

	
	
	
	
	
	
	
	
	
	
	
	Totals
	£264.19
	£317.03

	
	
	
	
	
	
	
	
	
	
	
	 
	Ex VAT
	Inc VAT



[bookmark: _Toc7550291]Annex G Breadboard prototype in Easy-PC PCB form
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[bookmark: _Toc7550292]Annex H Breadboard prototype translated to tracked PCB
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[bookmark: _Toc7550293]Annex I Project planning[image: ]
[image: ]
[image: ]
[image: ]
[bookmark: _Toc7545627]Table 11 Project planning
Home Ownership

Yes	No	6	14	
Number of Respondants



Interest in Domestic Microgeneration

Extremely Interested	Very Interested	Somewhat Interested	Not so interested	Not al all	3	8	7	2	0	
Number of Respondants



Solar Panel Ownership

Yes, Fitted	Not Fitted, Interested	Not Fitted,not interested	2	15	3	
Number of Respondants



White Goods delay function use

I have solar panels and do stagger their use	I have solar panels and do not stagger their use	I do not have solar panels and I would consider staggering their use	I do not have solar panels and probably wouldn't stagger their use	1	3	11	5	
Number of Respondants



Energy Storage Solution

Yes	Yes, but cost may be an issue	No, not interested	No, too expensive	Don't know	3	11	2	3	1	
Number of Respondants 



Method of Energy Storage

Battery Storage	Thermal Storage	Other	Don't know	8	7	1	4	
Number of Respondants 



Energy use due to home occupancy norms

Yes	No	Don't know	6	12	2	
Number of Respondants 



Requirement for storage solution to provide fiscal recompense

Yes	No	Don't know	15	3	2	
Number of Respondants 



Hot water tank viability

Yes, already fitted	Yes, space available, No combi boiler fitted	No, no space available/Combi boiler fitted	2	4	14	
Number of Respondants 



Home smart assistant use

Hive	Ecobee	Phillips Hue	Nest	Wink Hub	Amazon Echo	Google Home	Others	2	0	0	1	0	6	3	8	
Number of Respondants 



Comparison Generated v Imported

Generated	43512	43513	43514	43515	43516	43517	43518	43519	43520	43521	43522	43523	43524	43525	43526	43527	43528	43529	43530	43531	43532	43533	43534	43535	43536	43537	43538	43539	43540	43541	43542	43543	43544	43545	43546	43547	43548	43549	43550	43551	43552	43553	43554	43555	43556	43557	43558	43559	43560	43561	43562	43563	43564	43565	43566	43567	43568	43569	43570	43571	43572	43573	43574	43575	43576	43577	43578	43579	43580	43581	43582	43583	43584	43585	43586	43587	43588	43589	43590	43591	43592	43593	43594	43595	43596	43597	43598	43599	43600	43601	43602	43603	43604	43605	43606	43607	43608	43609	43610	43611	43612	43613	43614	43615	43616	43617	43618	43619	43620	43621	43622	43623	43624	43625	43626	43627	43628	43629	43630	43631	43632	43633	43634	43635	43636	43637	43638	43639	43640	43641	43642	43643	43644	43645	43646	43647	43648	43649	43650	43651	43652	43653	43654	43655	43656	43657	43658	43659	43660	43661	43662	43663	43664	43665	43666	43667	43668	43669	43670	43671	43672	43673	43674	43675	43676	43677	43678	43679	43680	43681	43682	43683	43684	43685	43686	43687	43688	43689	43690	43691	43692	43693	43694	43695	43696	43697	43698	43699	43700	43701	43702	43703	43704	43705	43706	43707	43708	43709	43710	43711	43712	43713	43714	43715	43716	43717	43718	43719	43720	43721	43722	43723	43724	43725	43726	43727	43728	43729	43730	43731	43732	43733	43734	43735	43736	43737	43738	43739	43740	43741	43742	43743	43744	43745	43746	43747	43748	43749	43750	43751	43752	43753	43754	9.8000000000000007	5.7	1.6	2.2000000000000002	11	6.5	5.7	13	13.9	14.3	14.1	4.8	10.199999999999999	2.6	2	1.6	4.8	1.2	12.1	10.8	10.8	2.2000000000000002	3.6	2.7	4.5	14.5	0.81	9.9	11.9	5.2	2.7	15	12.5	11.1	2.8	8.6999999999999993	6.6	15	7	6.2	9.9	4.5999999999999996	4.8	4.3	7.9	2.5	9.6	7.5	16.100000000000001	6	2.2000000000000002	11	14	5.5	2.4	13.1	3.6	16.2	4.9000000000000004	11.6	1.1000000000000001	16.7	18.7	18.5	15.3	8.5	6.3	2.2000000000000002	13.1	16.600000000000001	6.5	11.1	12	18.899999999999999	11.9	14.4	12	8.9	19.8	19.8	19.100000000000001	6.8	6.9	17.7	4.2	14.3	19.899999999999999	20.5	20.7	9.1	17.8	17.899999999999999	20.399999999999999	18.7	19.100000000000001	16.899999999999999	20.6	8.3000000000000007	3.8	10.8	10	20.399999999999999	17.8	4.0999999999999996	11.8	6.2	18.2	19.600000000000001	16.3	11.1	21	14.1	5.0999999999999996	18.5	18.600000000000001	19.100000000000001	17	14.7	15.2	12.8	8.4	3.5	7.4	4.9000000000000004	6	21.2	22.2	21.4	21.3	21.1	21.3	21.6	21	20.7	21.6	9.9	19	19	12.5	19	19.7	19.899999999999999	19.8	18.399999999999999	18.100000000000001	9.9	18	14.7	17.899999999999999	17.7	12.4	11	13.1	19.899999999999999	12.5	16	17.3	6.8	11.1	16.8	18.3	5.3	9.3000000000000007	4.9000000000000004	11.1	14.8	15	6.3	9.6	11.4	18.7	10	10.4	12.2	17.899999999999999	12.7	3	6.8	8.9	6.4	4.3	14.9	7.8	3.5	5.8	5.3	5.0999999999999996	4.5999999999999996	7.8	8.6999999999999993	15.8	2.5	5.8	6.9	11.8	15.4	17	10.199999999999999	12	6.2	10	15.4	4.9000000000000004	11.3	4.3	5.3	7.5	4.9000000000000004	10.199999999999999	14.7	7.9	8	1.2	5.5	2.8	5.5	0.68	11.6	2.2000000000000002	11.9	12.9	15.1	11.6	13.3	15.3	13.6	4.7	10.7	1.9	3.5	2.7	2.2999999999999998	6.9	9	3	13.3	12.9	2.4	0.19	0.25	6	0.04	0.05	Imported	43512	43513	43514	43515	43516	43517	43518	43519	43520	43521	43522	43523	43524	43525	43526	43527	43528	43529	43530	43531	43532	43533	43534	43535	43536	43537	43538	43539	43540	43541	43542	43543	43544	43545	43546	43547	43548	43549	43550	43551	43552	43553	43554	43555	43556	43557	43558	43559	43560	43561	43562	43563	43564	43565	43566	43567	43568	43569	43570	43571	43572	43573	43574	43575	43576	43577	43578	43579	43580	43581	43582	43583	43584	43585	43586	43587	43588	43589	43590	43591	43592	43593	43594	43595	43596	43597	43598	43599	43600	43601	43602	43603	43604	43605	43606	43607	43608	43609	43610	43611	43612	43613	43614	43615	43616	43617	43618	43619	43620	43621	43622	43623	43624	43625	43626	43627	43628	43629	43630	43631	43632	43633	43634	43635	43636	43637	43638	43639	43640	43641	43642	43643	43644	43645	43646	43647	43648	43649	43650	43651	43652	43653	43654	43655	43656	43657	43658	43659	43660	43661	43662	43663	43664	43665	43666	43667	43668	43669	43670	43671	43672	43673	43674	43675	43676	43677	43678	43679	43680	43681	43682	43683	43684	43685	43686	43687	43688	43689	43690	43691	43692	43693	43694	43695	43696	43697	43698	43699	43700	43701	43702	43703	43704	43705	43706	43707	43708	43709	43710	43711	43712	43713	43714	43715	43716	43717	43718	43719	43720	43721	43722	43723	43724	43725	43726	43727	43728	43729	43730	43731	43732	43733	43734	43735	43736	43737	43738	43739	43740	43741	43742	43743	43744	43745	43746	43747	43748	43749	43750	43751	43752	43753	43754	10.679	12.603	17.21	27.553999999999998	17.126999999999999	14.298	14.439	24.114999999999998	16.661000000000001	13.632	16.003	15.744999999999999	13.885	15.731999999999999	24.905000000000001	22.663	22.17	15.898	20.177	17.402999999999999	11.289	22.613	21.004000000000001	17.739000000000001	13.052	22.305	18.774999999999999	17.337	15.582000000000001	13.153	15.275	13.673999999999999	19.908999999999999	12.967000000000001	17.399999999999999	17.925000000000001	19.524000000000001	10.692	11.992000000000001	16.07	18.276	15.151999999999999	16.468	21.193999999999999	20.091999999999999	17.451000000000001	17.693000000000001	17.597999999999999	13.53	12.59	14.561999999999999	13.904999999999999	11.946	9.3849999999999998	1.7470000000000001	7.1689999999999996	6.4669999999999996	3.3479999999999999	3.6309999999999998	15.936	14.368	17.672999999999998	8.7490000000000006	13.547000000000001	7.8339999999999996	10.366	17.471	16.251000000000001	17.498999999999999	13.888999999999999	17.100000000000001	13.326000000000001	13.196999999999999	13.88	14.946	14.702	10.109	15.414	19.988	14.637	15.058	16.013999999999999	15.263999999999999	16.565000000000001	9.0079999999999991	10.983000000000001	7.2240000000000002	12.489000000000001	16.102	11.393000000000001	16.196999999999999	12.863	8.157	9.7119999999999997	9.7959999999999994	11.86	10.677	9.9960000000000004	14.597	15.146000000000001	11.166	17.606999999999999	5.766	8.1560000000000006	4.8360000000000003	2.5470000000000002	8.6660000000000004	11.739000000000001	10.773999999999999	12.651999999999999	14.21	14.859	16.692	10.872	1.7430000000000001	10.087	12.663	11.3	11.565	12.452999999999999	8.3369999999999997	12.423	14.569000000000001	13.917999999999999	18.864000000000001	17.533000000000001	15.965	10.893000000000001	8.2360000000000007	9.7940000000000005	11.874000000000001	8.0530000000000008	14.675000000000001	11.180999999999999	9.0039999999999996	13.103	8.5399999999999991	12.797000000000001	12.997	11.103999999999999	13.646000000000001	6.3140000000000001	11.984	13.993	12.558	13.013	14.606	13.413	10.843	10.007	13.521000000000001	14.061999999999999	13.417	8.6519999999999992	13.054	11.827999999999999	14.553000000000001	10.425000000000001	12.676	10.358000000000001	8.7409999999999997	9.3670000000000009	15.255000000000001	11.763999999999999	6.36	6.718	11.269	1.89	5.6180000000000003	2.95	5.7469999999999999	4.8620000000000001	7.8659999999999997	8.1989999999999998	6.6639999999999997	4.9649999999999999	7.5519999999999996	14.211	17.050999999999998	11.141999999999999	7.742	6.6829999999999998	7.0190000000000001	8.4049999999999994	10.782	9.2140000000000004	6.6520000000000001	15.077	15.958	10.006	10.981	1.746	2.4990000000000001	8.9190000000000005	16.975000000000001	16.055	12.843999999999999	17.869	17.388999999999999	11.875999999999999	13.983000000000001	12.991	17.013999999999999	19.675000000000001	10.662000000000001	10.073	12.666	15.346	12.423999999999999	12.987	14.055	9.5500000000000007	2.1989999999999998	9.5380000000000003	12.109	12.379	15.823	17.827999999999999	12.532999999999999	14.497999999999999	14.932	19.440999999999999	13.637	18.824000000000002	15.367000000000001	14.948	11.611000000000001	19.850000000000001	14.837999999999999	17.234000000000002	16.587	18.399999999999999	12.414	19.122	14.361000000000001	19.209	11.039	14.895	13.760999999999999	17.71	22.99	13.721	20.266999999999999	Date


Power (kWh)




Comparison Imported v Generated 23 Mar 18

Generated	0	0.25	0.5	0.75	1	1.25	1.5	1.75	2	2.25	2.5	2.75	3	3.25	3.5	3.75	4	4.25	4.5	4.75	5	5.25	5.5	5.75	6	6.25	6.5	6.75	7	7.25	7.5	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.5	11.75	12	12.25	12.5	12.75	13	13.25	13.5	13.75	14	14.25	14.5	14.75	15	15.25	15.5	15.75	16	16.25	16.5	16.75	17	17.25	17.5	17.75	18	18.25	18.5	18.75	19	19.25	19.5	19.75	20	20.25	20.5	20.75	21	21.25	21.5	21.75	22	22.25	22.5	22.75	23	23.25	23.5	23.75	24	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	0.01	0.03	7.0000000000000007E-2	0.04	0.06	7.0000000000000007E-2	7.0000000000000007E-2	7.0000000000000007E-2	0.15	0.39	0.24	0.24	0.37	0.26	0.33	0.47	0.4	0.42	0.31	0.39	0.34	0.31	0.28999999999999998	0.44	0.48	0.39	0.46	0.32	0.13	0.15	0.09	0.1	0.12	0.15	0.12	0.1	0.08	0.08	0.05	0.05	0.04	0.01	0.01	0.01	1.0000000000000001E-5	0.01	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	Imported	0	0.25	0.5	0.75	1	1.25	1.5	1.75	2	2.25	2.5	2.75	3	3.25	3.5	3.75	4	4.25	4.5	4.75	5	5.25	5.5	5.75	6	6.25	6.5	6.75	7	7.25	7.5	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.5	11.75	12	12.25	12.5	12.75	13	13.25	13.5	13.75	14	14.25	14.5	14.75	15	15.25	15.5	15.75	16	16.25	16.5	16.75	17	17.25	17.5	17.75	18	18.25	18.5	18.75	19	19.25	19.5	19.75	20	20.25	20.5	20.75	21	21.25	21.5	21.75	22	22.25	22.5	22.75	23	23.25	23.5	23.75	24	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	5.5E-2	5.5E-2	0.125	0.125	0.05	7.0000000000000007E-2	0.3	0.08	0.45	6.7500000000000004E-2	3.5000000000000003E-2	3.5000000000000003E-2	0.05	4.4999999999999998E-2	0.02	0.02	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.82	0.85	0.56000000000000005	0.87	0.43	0.46	0.3	1.4	0.7	0.625	0.51	0.42499999999999999	6.25E-2	6.25E-2	0.89	0.73	1.2	1.1000000000000001	0.56000000000000005	0.4425	0.43	0.47	0.32	0.1575	0.19500000000000001	0.09	0.105	0.105	0.125	8.5000000000000006E-2	5.5E-2	5.5E-2	0.05	0.05	0.05	0.05	0.05	Time of Day


Power kW/15,ins




Comparison Generated v Imported 23 Sep 18

Generated	0	0.25	0.5	0.75	1	1.25	1.5	1.75	2	2.25	2.5	2.75	3	3.25	3.5	3.75	4	4.25	4.5	4.75	5	5.25	5.5	5.75	6	6.25	6.5	6.75	7	7.25	7.5	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.5	11.75	12	12.25	12.5	12.75	13	13.25	13.5	13.75	14	14.25	14.5	14.75	15	15.25	15.5	15.75	16	16.25	16.5	16.75	17	17.25	17.5	17.75	18	18.25	18.5	18.75	19	19.25	19.5	19.75	20	20.25	20.5	20.75	21	21.25	21.5	21.75	22	22.25	22.5	22.75	23	23.25	23.5	23.75	24	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	0.01	0.03	7.0000000000000007E-2	0.11	0.21	0.08	7.0000000000000007E-2	0.09	0.11	0.14000000000000001	0.16	0.44	0.44	0.52	0.53	0.48	0.2	0.56999999999999995	0.59	0.46	0.53	0.33	0.53	0.52	0.37	0.45	0.28000000000000003	0.43	0.44	0.4	0.36	0.34	0.31	0.28000000000000003	0.19	0.17	0.15	0.18	0.14000000000000001	0.08	0.05	0.03	0.01	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	Imported	0	0.25	0.5	0.75	1	1.25	1.5	1.75	2	2.25	2.5	2.75	3	3.25	3.5	3.75	4	4.25	4.5	4.75	5	5.25	5.5	5.75	6	6.25	6.5	6.75	7	7.25	7.5	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.5	11.75	12	12.25	12.5	12.75	13	13.25	13.5	13.75	14	14.25	14.5	14.75	15	15.25	15.5	15.75	16	16.25	16.5	16.75	17	17.25	17.5	17.75	18	18.25	18.5	18.75	19	19.25	19.5	19.75	20	20.25	20.5	20.75	21	21.25	21.5	21.75	22	22.25	22.5	22.75	23	23.25	23.5	23.75	24	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	0.05	5.5E-2	5.5E-2	6.25E-2	6.25E-2	7.0000000000000007E-2	7.0000000000000007E-2	0.08	0.08	6.7500000000000004E-2	6.7500000000000004E-2	3.5000000000000003E-2	3.5000000000000003E-2	4.4999999999999998E-2	4.4999999999999998E-2	0.02	0.02	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1.1125	1.1125	0.39374999999999999	0.39374999999999999	0.23375000000000001	0.23375000000000001	0.7	0.7	0.47499999999999998	0.47499999999999998	0.42499999999999999	0.42499999999999999	6.25E-2	6.25E-2	1.1875	1.1875	0.67500000000000004	0.67500000000000004	0.24249999999999999	0.24249999999999999	0.215	0.215	0.1575	0.1575	0.09	0.09	0.105	0.105	8.5000000000000006E-2	8.5000000000000006E-2	5.5E-2	5.5E-2	0.05	0.05	0.05	0.05	0.05	Time of Day


Power kW/15mins




PV output - Hotel Load

Hotel Load	0	1.0416666666666666E-2	2.0833333333333332E-2	3.125E-2	4.1666666666666699E-2	5.2083333333333301E-2	6.25E-2	7.2916666666666699E-2	8.3333333333333301E-2	9.375E-2	0.104166666666667	0.114583333333333	0.125	0.13541666666666699	0.14583333333333301	0.15625	0.16666666666666699	0.17708333333333301	0.1875	0.19791666666666699	0.20833333333333301	0.21875	0.22916666666666699	0.23958333333333301	0.25	0.26041666666666702	0.27083333333333298	0.28125	0.29166666666666702	0.30208333333333298	0.3125	0.32291666666666702	0.33333333333333298	0.34375	0.35416666666666702	0.36458333333333298	0.375	0.38541666666666702	0.39583333333333298	0.40625	0.41666666666666702	0.42708333333333298	0.4375	0.44791666666666702	0.45833333333333298	0.46875	0.47916666666666702	0.48958333333333298	0.5	0.51041666666666696	0.52083333333333304	0.53125	0.54166666666666696	0.55208333333333304	0.5625	0.57291666666666696	0.58333333333333304	0.59375	0.60416666666666696	0.61458333333333304	0.625	0.63541666666666696	0.64583333333333304	0.65625	0.66666666666666696	0.67708333333333304	0.6875	0.69791666666666696	0.70833333333333304	0.71875	0.72916666666666696	0.73958333333333304	0.75	0.76041666666666696	0.77083333333333304	0.78125	0.79166666666666696	0.80208333333333304	0.8125	0.82291666666666696	0.83333333333333304	0.84375	0.85416666666666696	0.86458333333333304	0.875	0.88541666666666696	0.89583333333333304	0.90625	0.91666666666666696	0.92708333333333304	0.9375	0.94791666666666696	0.95833333333333304	0.96875	0.97916666666666696	0.98958333333333304	112.17036616939279	46.352353699728262	64.755696951650293	94.639805474364721	88.317062507153054	58.43461856459669	103.77208756354457	78.074202071000926	32.102509795499053	23.840274920628236	61.91767338054099	23.66662469054998	26.053388459669168	24.649256668782265	43.284949411526291	127.03294192217631	69.473734605776372	84.900973883285886	66.118160057123447	4.9711627667265637	61.468144451851892	63.203456602623753	344.65923386634961	520.89520512618094	829.89230973759936	639.77166477634057	238.03961285990746	466.95585497428192	2016.896669639465	5977.7079645425893	97.970503525216259	105.53148874576956	6590.097537995427	240.02065235760443	682.15396188485454	660.2842352005498	323.66692542722717	610.24769238806482	843.99182660568385	626.09858548895011	190.93564258661161	360.93852116533736	36.578168133300061	344.47946054695825	410.91597692025266	9.2018913427375448	7.8028705397946041	429.99019123992952	67.392249941136896	24.913196131171095	323.19080018829618	376.63414265609299	392.75072364569337	27.053081852179556	215.44025908781757	361.8819259955506	290.70074665887898	193.30500351664602	404.07807020301772	162.13656571508614	47.445239492472076	290.84038397257649	375.41971854783833	36.929738340802572	229.38694003277988	16.588484511830213	383.50044522844593	962.28149862933287	164.5414128578999	922.78873306254673	2730.2217809233171	2325.3175632168509	2789.8092734297334	7621.645767097556	2978.3408081555731	2663.0233235307687	3600.3911277052434	1573.9240707103841	2165.1236182148914	7.9241614333388499	965.49997626553136	350.69604112072295	973.00905228715203	914.26260886872137	285.12211748910556	446.2698694039122	38.898676014713494	1014.0745024365708	208.61880716269698	409.21608945386902	43.871883418844398	11.222931884959271	8.6051080679136653	55.117714749083511	96.692657045049486	24.35008099337298	PV Output	0	1.0416666666666666E-2	2.0833333333333332E-2	3.125E-2	4.1666666666666699E-2	5.2083333333333301E-2	6.25E-2	7.2916666666666699E-2	8.3333333333333301E-2	9.375E-2	0.104166666666667	0.114583333333333	0.125	0.13541666666666699	0.14583333333333301	0.15625	0.16666666666666699	0.17708333333333301	0.1875	0.19791666666666699	0.20833333333333301	0.21875	0.22916666666666699	0.23958333333333301	0.25	0.26041666666666702	0.27083333333333298	0.28125	0.29166666666666702	0.30208333333333298	0.3125	0.32291666666666702	0.33333333333333298	0.34375	0.35416666666666702	0.36458333333333298	0.375	0.38541666666666702	0.39583333333333298	0.40625	0.41666666666666702	0.42708333333333298	0.4375	0.44791666666666702	0.45833333333333298	0.46875	0.47916666666666702	0.48958333333333298	0.5	0.51041666666666696	0.52083333333333304	0.53125	0.54166666666666696	0.55208333333333304	0.5625	0.57291666666666696	0.58333333333333304	0.59375	0.60416666666666696	0.61458333333333304	0.625	0.63541666666666696	0.64583333333333304	0.65625	0.66666666666666696	0.67708333333333304	0.6875	0.69791666666666696	0.70833333333333304	0.71875	0.72916666666666696	0.73958333333333304	0.75	0.76041666666666696	0.77083333333333304	0.78125	0.79166666666666696	0.80208333333333304	0.8125	0.82291666666666696	0.83333333333333304	0.84375	0.85416666666666696	0.86458333333333304	0.875	0.88541666666666696	0.89583333333333304	0.90625	0.91666666666666696	0.92708333333333304	0.9375	0.94791666666666696	0.95833333333333304	0.96875	0.97916666666666696	0.98958333333333304	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	34.450000000000003	34.450000000000003	68.900000000000006	68.900000000000006	68.900000000000006	68.900000000000006	68.900000000000006	137.80000000000001	241.15000000000003	378.95	551.20000000000005	757.9	999.05	1274.6500000000001	1584.7	1929.2000000000003	2239.25	2514.85	2756	2962.7	3134.9500000000003	3272.75	3376.1	3410.55	3445	3410.55	3376.1	3272.75	3134.9500000000003	2962.7	2756	2514.85	2239.25	1929.2000000000003	1584.7	1274.6500000000001	999.05	757.9	551.20000000000005	378.95	241.15000000000003	137.80000000000001	137.80000000000001	137.80000000000001	103.35	103.35	103.35	68.900000000000006	68.900000000000006	68.900000000000006	68.900000000000006	34.450000000000003	34.450000000000003	34.450000000000003	34.450000000000003	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Surplus	0	1.0416666666666666E-2	2.0833333333333332E-2	3.125E-2	4.1666666666666699E-2	5.2083333333333301E-2	6.25E-2	7.2916666666666699E-2	8.3333333333333301E-2	9.375E-2	0.104166666666667	0.114583333333333	0.125	0.13541666666666699	0.14583333333333301	0.15625	0.16666666666666699	0.17708333333333301	0.1875	0.19791666666666699	0.20833333333333301	0.21875	0.22916666666666699	0.23958333333333301	0.25	0.26041666666666702	0.27083333333333298	0.28125	0.29166666666666702	0.30208333333333298	0.3125	0.32291666666666702	0.33333333333333298	0.34375	0.35416666666666702	0.36458333333333298	0.375	0.38541666666666702	0.39583333333333298	0.40625	0.41666666666666702	0.42708333333333298	0.4375	0.44791666666666702	0.45833333333333298	0.46875	0.47916666666666702	0.48958333333333298	0.5	0.51041666666666696	0.52083333333333304	0.53125	0.54166666666666696	0.55208333333333304	0.5625	0.57291666666666696	0.58333333333333304	0.59375	0.60416666666666696	0.61458333333333304	0.625	0.63541666666666696	0.64583333333333304	0.65625	0.66666666666666696	0.67708333333333304	0.6875	0.69791666666666696	0.70833333333333304	0.71875	0.72916666666666696	0.73958333333333304	0.75	0.76041666666666696	0.77083333333333304	0.78125	0.79166666666666696	0.80208333333333304	0.8125	0.82291666666666696	0.83333333333333304	0.84375	0.85416666666666696	0.86458333333333304	0.875	0.88541666666666696	0.89583333333333304	0.90625	0.91666666666666696	0.92708333333333304	0.9375	0.94791666666666696	0.95833333333333304	0.96875	0.97916666666666696	0.98958333333333304	-112.17036616939279	-46.352353699728262	-64.755696951650293	-94.639805474364721	-88.317062507153054	-58.43461856459669	-103.77208756354457	-78.074202071000926	-32.102509795499053	-23.840274920628236	-61.91767338054099	-23.66662469054998	-26.053388459669168	-24.649256668782265	-43.284949411526291	-127.03294192217631	-69.473734605776372	-84.900973883285886	-66.118160057123447	-4.9711627667265637	-61.468144451851892	-63.203456602623753	-344.65923386634961	-520.89520512618094	-795.44230973759932	-605.32166477634053	-169.13961285990746	-398.05585497428194	-1947.9966696394649	-5908.8079645425896	-29.070503525216253	32.268511254230447	-6348.9475379954274	138.92934764239556	-130.95396188485449	97.615764799450176	675.38307457277278	664.40230761193527	740.70817339431619	1303.1014145110503	2048.3143574133883	2153.9114788346624	2719.4218318666999	2618.2205394530415	2724.0340230797474	3263.5481086572627	3368.2971294602053	2980.5598087600706	3377.6077500588631	3385.6368038688292	3052.9091998117037	2896.115857343907	2742.1992763543067	2935.6469181478201	2540.5597409121824	2152.9680740044491	1948.5492533411211	1735.8949964833541	1180.6219297969824	1112.513434284914	951.60476050752789	467.05961602742349	175.78028145216172	342.02026165919744	11.763059967220158	121.21151548816979	-245.70044522844591	-824.48149862933292	-61.191412857899905	-819.4387330625467	-2626.8717809233171	-2256.4175632168508	-2720.9092734297333	-7552.7457670975564	-2909.440808155573	-2628.5733235307689	-3565.9411277052436	-1539.474070710384	-2130.6736182148916	-7.9241614333388499	-965.49997626553136	-350.69604112072295	-973.00905228715203	-914.26260886872137	-285.12211748910556	-446.2698694039122	-38.898676014713494	-1014.0745024365708	-208.61880716269698	-409.21608945386902	-43.871883418844398	-11.222931884959271	-8.6051080679136653	-55.117714749083511	-96.692657045049486	-24.35008099337298	
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