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Abstract 

The purpose of this dissertation was to undertake a feasibility assessment into the design of a residential 

energy management and metering device (REMD) which incorporates various operating modes that 

would replace current retail metering devices. The operating modes that are being implemented under 

this dissertation are known as sustainability mode, traditional mode and benefit mode. The approach 

was to undertake the design of each of the operating modes based on aspects of environmental, 

simplicity and cost incentives which would capture majority of users based on their motivations and 

ethical stand points on power usage which would hopefully lead to greater market uptake.  

 

After completing the literature review it was discovered that such a device which covered both aspects 

of energy source management and metering was not readily available and limited research into this area 

had been undertaken. There is however a lot of research into areas of HEMS which deals with the energy 

management down stream of electrical switchboard and more broadly MGEMS which looks at energy 

management on a microgrid level. The intent behind the REMD is that it will fill the void between 

HEMS and MGEMS offering energy source management and metering as another layer to these two 

existing technologies. Another aspect of importance from the literature review was the type of controller 

to be implemented and the original goal was to implement a fuzzy logic controller, but after undertaking 

the methodology it was discovered that this controller type is not the most practicable as the system 

parameters are well defined and as such a state-based control approach was implemented. 

 

State transition and flow charts were developed to form the main basis behind each of the three operating 

modes, and from here these were then used to develop models of each of the operating modes. The 

models were built in Mathworks MATLAB Simulink with the additional stateflow add-on package, 

which is specifically developed for the design and implementation of state-based controls. Each 

operating mode was built iteratively and tested once complete with 24-hour data that was then compared 

against hand calculated values to determine if the code was operating as intended. Once the code was 

debugged the controller was given a weeks worth of data with various configurations of PVS and BESS 

sizes to determine how the controller responds in the various operating modes with different energy 

source configurations.  

 

After simulating the controller it was determined that the REMD is a feasible device and showed 

positive signs for each of the operating modes. Varying the PVS and BESS had various effects on how 

the controller responded but the main takeaway is that larger BESS and PVS systems in conjunction 

with the REMD will offer the users more benefits in their chosen operating modes. This device will 

require further development and testing before it can become a viable product but this feasibility 

assessment has created the foundation for further research.  
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Chapter 1 - Introduction 

1.1 Introduction 

With greater market uptake of residential photovoltaic systems (PVS) and battery energy storage 

systems (BESS) in conjunction with new emerging localised peer-to-peer (P2P) energy trading markets 

the current metering and energy management devices need to be overhauled. Connecting to the retail 

grid requires the user to have a retail meter in accordance with the distribution network service provider 

(DNSP) requirements. This retail meter provides the functionally of metering energy consumption and 

depending on the type can also meter the generation export. Typically, a user will sign up with one 

retailer to buy and sell power and has little to no flexibility with how their energy is managed or sourced. 

As previously mentioned there is a new emerging energy market which allows energy trading between 

neighbours in a local area. This new market introduces broader opportunities for cheaper import of 

energy and increased feed-in-tariffs (FiT) to compete with the retail grid. The P2P energy market can 

be accessed through current smart-type 4 retail meters, but the missing piece is how these users can 

manage access to both the P2P energy markets and the retail market. To achieve this an energy 

management device is required that can strategically choose between the energy markets whilst 

operating in the best interest of the users.  

 

This is where the following dissertation has been prepared to provide a conceptual design and feasibility 

assessment into the development of a residential energy management device (REMD). The REMD will 

aim to present a holistic approach to managing the various energy sources (PVS, BESS, P2P energy 

market and retail market) and provide the relevant metering for the external energy markets, thus 

replacing current retail metering. A unique feature to be incorporated into this device is for a user to be 

able to select an operating profile that manages the energy sources in alignment with their ethical stand 

points and motivations for energy usage. These operating profiles will be discussed further in this 

dissertation but provide users the ability for a level of control over their energy choices.  

 

1.2 Idea Origin 

The idea for this project was originally proposed by Professor Paul Wen as part of potential project 

topics for 2023. The basis for the idea came from how domestic solar providers are not optimising solar 

systems to suit the customer’s needs and providing them with the largest system possible for the highest 

cost. This is good for the provider but not for the customer, as with the current feed-in tariff prices the 

solar system will not be financially profitable. After discussions with Prof. Wen as part of ENG4110 

and ENG4111 the research project has now shifted objectives with less emphasis being placed on the 

optimisation of PVS and BESS configurations but with more focus placed on the management and 

strategy control of the energy sources. To encourage users to think more consciously of their energy 
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choices, it was proposed that users should have the ability for aligning the controller to their ethical 

stand points and motivations for energy usage. This will be achieved through management and strategy 

control of the four energy sources (PVS, BESS, localised P2P energy market and retail market) with 

one of the three operating modes. The intent is that the operating modes would dictate slightly different 

strategy control approaches in line with the users ethical standpoint and motivation towards energy 

production/consumption. 

 

1.3 Project Objectives & Specific Limitations 

The project objective at a high level is to create a conceptual design for a REMD that incorporates both 

metering and energy management aspects of available energy sources. The REMD will provide a two 

layered approach to energy management. The first layer is automated energy management via the device 

and the second layer is user education via a display. One unique aspect of the REMD to be explored in 

this dissertation is the ability to offer the user the option of selecting different operating modes which 

are tailored to specific ethical and motivational aspects of energy consumption. Although the operating 

modes may have similar outcomes the important factor is encouraging users to be more conscious on 

energy consumption. The following is a summary of the three operating modes: 

1. Sustainability mode – Targeted towards users that want to place more emphasis on 

environmental sustainability. The aim is to reduce grid reliance through optimising internal 

renewable energy generation, with less emphasis placed on excess generation being exported 

to the grid.  

2. Traditional mode – Targeted towards users that are not actively concerned about their energy 

choices and want a conventional energy experience. The aim is to give a rounded energy 

experience without the P2P market that reduces energy bills and grid reliance.  

3. Benefit mode – Targeted towards users that want to offset energy bills or possibly receive 

payments for energy production. The aim is to minimise energy import during peak times and 

maximise energy export during high FiT times.   

 

The following is a summary of key objectives for this dissertation: 

▪ Design conceptual level strategy controls based on the operating modes. 

▪ Design a conceptual level display that presents the relevant information based on the operating 

modes. 

▪ Model and simulate the REMD within MathWorks MATLAB Simulink environment. 

▪ Evaluate model outcomes in line with the operating mode aims to determine feasibility of the 

REMD. 
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As this dissertation is aimed at conceptual design level only there are limitations to the objectives and 

these include the following: 

▪ Evaluation of educational benefits and informing users of energy related aspects from the 

display cannot be assessed, real-world implementation (not practical at this stage) and human 

studies would be required for this (not practical due to ethical clearance requirements). It is 

proposed that the display will be evaluated on operational aspects only. 

▪ Modeling will be limited to discrete typical data only and will not operate in a 

continuous/dynamic modeling environment.  

▪ The finer details of the REMD metering aspects will not be a focal point, as evaluation of the 

operating modes during modeling is the main objective. 

 

1.4 Justification and Feasibility 

The following is a summary of the justification for the dissertation: 

▪ Significance: A holistic energy management and metering device that replaces current retail 

metering has not been adequately explored with aspects of PVS, BESS, P2P market and retail 

markets. 

▪ Relevance: This area of research is in line with the degree of electrical/power engineering as 

energy management and metering is a key aspect within electrical networks. 

▪ Novelty: This research will incorporate the additional aspect of new P2P energy markets along 

with the ability for the REMD to provide the user various operating modes.  

The following is a summary of key feasibility aspects of the dissertation: 

▪ Resources: All required resources, funding, time and data is available for the completion of this 

dissertation. Refer chapter 3 for details. 

▪ Methodology: The research methods and techniques used in this dissertation are appropriate 

and achievable. Refer chapter 3 for details. 

▪ Ethical Considerations: As no human/animal subjects are required for this dissertation the 

ethical considerations have been minimised. Refer to section 1.6 for details. 

 

1.5 Australian Standards and Compliance 

It is important that the relevant standards and manuals are consulted and adhered to when undertaking 

any engineering design. Guidance will be taken from the relevant Australian Standards and other 

manuals as required during the design and prototyping of the REMD. However, due to the nature of this 

dissertation being a conceptual design only the finer details of compliance against the relevant 

Australian Standards and manuals are deemed to be outside the scope.  
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The following list provides a summary of the relevant Australian Standards for this dissertation (note 

that this list is not exhaustive):  

▪ AS/NZS 3000 – Wiring Rules 

▪ AS/NZS 3008 – Electrical installations - Selection of cables 

▪ AS/NZS 4509 – Stand-Alone Power Systems 

▪ AS/NZS 5033 – Installation and safety requirements for photovoltaic (PV) arrays 

▪ AS/NZS 5139 – Electrical installations - Safety of battery systems for use with power 

conversion equipment 

▪ AS/NZS 4777 – Grid connection of energy systems via inverters 

▪ AS 60253 – Electricity metering equipment (AC) - Particular requirements 

 

The other aspect of compliance is tied to the relevant manuals specifically related to the DNSP to which 

the REMD resides within. For the purposes of this dissertation Energex (division of Energy Queensland) 

is the nominated DNSP. The following list provides a summary of the relevant Energex standards for 

this dissertation (note that this list is not exhaustive): 

▪ Queensland Electrical Metering Manual (QEMM) 

▪ Queensland Electrical Connection Manual (QECM) 

▪ STNW1170 - Standard for Small IES Connections 

▪ STNW1174 - Standard for Low Voltage Embedded Generating Connections 

1.6 Ethics and Consequential Effects  

Before commencing research, researchers (including undergraduate and postgraduate students) who 

wish to undertake projects involving human participants must obtain approval from the Human 

Research Ethics Committee. No research can take place without ethics clearance (USQ 2023). As this 

dissertation does not necessitate the use of human subjects it is deemed that ethics clearance is not 

required. The data for this dissertation will come from online published sources and any reference to 

personal effects of the data origin shall not be disclosed. The Engineers Australia Code of Ethics and 

Guidelines on Professional Conduct will be adhered through the process of this dissertation with 

attention drawn to the four key areas of demonstrating integrity, practising competently, exercising 

leadership and promoting sustainability. 

 

The consequential effects of this dissertation are related to the physical REMD itself with aspects of 

software and hardware, as design choices on these elements will have impacts to cost, reliability, 

sustainability and overall market uptake. Software choices will need to ensure that the system operates 

as intended and is not overly complex, and hardware choices will need to consider the design life and 

ensure cost is kept to a minimum, parts are readily available, and the controller is easily serviceable if 

parts do fail. 



ENG4111/ENG4112  Dissertation
  

Billy Dauth 5  

 

1.7 Considerations for economic, environmental and social impacts 

The economic, environmental and social impacts of any research topic need to be addressed to ensure 

that all factors are considered. Although the following items may not specifically be addressed within 

this dissertation it is crucial to understand the importance of these aspects for further study on this topic.  

 

Economic considerations 

▪ Choice of materials and component selections 

▪ Complexity of software model and design 

▪ Flexibility/adaptability of the device in various installation configurations 

▪ Compatibility with target purchasing groups 

Environmental considerations 

▪ Full life cycle analysis of the device 

▪ Power consumption 

Social considerations 

▪ Privacy and security concerns for smart meter energy data transmission  

▪ Reliability and accuracy of the device  

▪ Ability for retrofitting to existing electrical installations 

▪ Efficiency of service and maintenance of product (i.e. software updates, compatibility, etc) 
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Chapter 2 - Literature Review 

In order to undertake this dissertation a literature must be completed to gain an appreciation of 

previously completed work in this field. The research will ensure that this dissertation is novel and is 

building on previous knowledge. The following is a summary of the key areas for this dissertation: 

▪ Australian energy market 

▪ Queensland retail energy market 

▪ P2P energy market 

▪ Retail metering 

▪ PVS and BESS configurations  

▪ Energy management systems 

▪ Energy control strategies 

 

2.1 Australian Energy Market 

The following research section is intended to provide an overview of the current Australian energy 

market. The aim is to gain an understating of how the energy market operates, is configured and what 

organisations are involved.  

  

The Australian electrical energy market consists of an enormous combination of generators (both 

renewable and non-renewable), transformers, transmission networks, distribution networks, retailers 

and prosumers/consumers (Figure 1). There is an overarching company called the Australian Energy 

Market Operator (AEMO) which is responsible for managing the Australian energy market. The AEMO 

currently operates both within the electrical and gas sectors, but for the purpose of this dissertation only 

the electrical sector will be analysed.  

 

 

Figure 1: Australian energy market - transport of electricity (AEMO 2022a) 
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The AEMO manages the three wholesale electrical markets within Australia which are the National 

Electricity Market (NEM), the Wholesale Electricity Market (WEM) and the Northern Territory 

(NTESMO) (AEMO 2022b). The NEM operates in five jurisdictional areas of Queensland, New South 

Wales, The Australian Capital Territory and Victoria, whereas the WEM and NTESMO operate within 

the one jurisdictional area each of Western Australia and Northern Territory respectively. For the 

purpose of this dissertation only the NEM will be explored rendering WEM and NTESMO beyond the 

scope. 

 

There are a set of national electricity rules (NER) which govern the operation of NEM and is supervised 

by the Australian Energy Market Commission (AEMC). The AEMC is an independent statutory body 

working for Australia's future productivity and living standards by contributing to a decarbonising, 

affordable and reliable energy system for consumers (AEMC 2023a). The NER are put in place so that 

all parties involved understand their rights and responsibilities and to ensure that the cost of purchasing 

electricity is fair. The main rules are nominally to govern the following elements: 

▪ Operation of the wholesale electricity market – includes the arrangements for commercial 

exchange of electricity from generation to the energy retailers. 

▪ Economic regulation – tied to the services provided by monopoly transmission and distribution 

networks (i.e. in Queensland this would include Powerlink for the transmission network and 

Energy QLD for the distribution network) 

▪ How the AEMO manages power system security (AEMC 2023b) 

 

The way in which the NEM wholesale market operates is via a 5-minute interval spot market that 

determines how much electricity is required to be produced in order to meet the demand. The 5-minute 

spot price is then put forward by each generator with only the corresponding generators that come online 

being paid for their generation amount (usually on a MWh basis). To pay generators the AEMO must 

recover costs from customers. As most customers don’t participate directly in the NEM, they purchase 

their electricity through a retailer. Customers pay the retailers a commercial tariff, and retailers manage 

customers’ energy purchases, including paying AEMO the spot price to avert the risk of system collapse 

or physical damage to parts of the power system (AEMO 2021).  

 

Transportation of electricity between generators and distribution networks within Queensland consists 

of a vast array of electrical lines, substations and associated equipment that supports the transmission 

and distribution. When looking specifically at the transmission (from generator to distribution) There 

are currently three transmission network service providers operating in Queensland: 

▪ Powerlink Queensland (Government owned corporation) 

▪ ElectraNet Pty Limited 

▪ AusNet Transmission Group Pty Ltd 
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It is worth noting that majority of the high-voltage transmission network is provided and maintained by 

Powerlink Queensland (Government 2020). 

 

Moving into the next stage of electricity transportation after transmission is the distribution network, 

which provides the direct connection to the low voltage consumers. This network also consists of a 

similar arrangement to that of the transmission network with high voltage and low voltage electrical 

lines, transformers and associated equipment. Within Queensland the distribution network is provided 

and maintained by Energy Queensland which has two separate divisions, Energex and Ergon Energy 

(Figure 2). These two divisions used to operate independently of each other but recently there has been 

a merge of these two service providers to form Energy Queensland. Energex and Ergon Energy are 

separated via geographical areas with Energex being responsible for South East Queensland and Ergon 

Energy being responsible for the remainder of Queensland.  

 

 

Figure 2: Energex and Ergon DNSP jurisdiction areas (Simshauser 2018) 

Key findings for dissertation  

Considering the REMD is to be located within the main switchboard (MSB) and is providing the 

interface to the relevant DNSP region and internal AS/NZS 3000 wiring, the requirements of the 

relevant DNSP will need to be adhered to. Noting this dissertation is focusing on the DNSP area of 

Queensland, the specifics related to the requirements for metering and connections of retail customers 

are covered under the Energy Queensland manuals QEMM and QECM. After reviewing these manuals 

the key take aways for this dissertation include 
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▪ QEMM section 2.1 - General: Customer's ancillary equipment such as surge diverters, 

voltmeters, phase failure relays etc. shall be connected on the load side of the revenue metering 

equipment.  

▪ QEMM section 2.4 – Customers energy management systems: A customer requiring an 

interface with the metering provider's facilities should contact the metering provider. 

 

Note that as the REMD device is intended to replace current retail metering, section 2.4 in the QEMM 

is considered not applicable. 

 

2.2 Queensland Retail Energy Market 

The following section provides an overview of the current Queensland energy retail market. The 

purpose of this research is to understand how the retail market operates with reference to energy tariff 

structures, the role of energy retailers and associated retail energy plans. 

 

Energy retail within Queensland is consistent with the broader NEM jurisdictions in that there are 

Energy companies (known as retailers) that on-sell power to consumers. For a company or individual 

to on-sell power they first must be registered by the retail energy governing body, the Australian Energy 

Regulator (AER), which is responsible for administering retailer authorisations (AER 2023). The 

electricity retailers operate under the National Energy Customer Framework (NECF), which is a set of 

national laws, rules and regulations governing the sale and supply of energy to consumers (Government 

2022a). 

 

Electricity costs that consumers pay to retailers is based on the relevant DNSP network charges and 

associated costs of buying the electricity from the generators. Energex network charges that are passed  

onto retailers cover the cost of building, maintaining and operating the electricity network to safely 

supply power to homes and businesses. These network charges are represented in the form of tariffs and 

Energex is responsible for setting these (Energex 2023a). Residential energy consumers were 

traditionally charged a flat rate for their energy consumption no matter when the usage of energy occurs. 

One thing that a lot of consumers did to save electricity was to install their electric hot water systems 

onto economy tariffs such as economy tariff 33 or super economy tariff 31. These particular tariffs 

would only allow energy usage to occur during off-peak times (outside of 4-8pm) (Energex 2023b). 

This was achieved through DNSP relay control devices, installed within the energy consumers main 

switchboard. To help reduce peak demand on the network, DNSPs are implementing cost reflective 

tariffs that have higher rates during peak periods and lower rates during off-peak periods known as tome 

of use (ToU) tariffs (Energex 2023a). To access this latest tariff arrangement the energy meter must be 

a new type 4 smart meter (refer section 2.4 for details) and the energy retailer must have this structure 
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from this paper were that conventional energy trading is mainly one-way in that electricity is typically 

transmitted from large-scale generators to consumers over long distances, while cash flow is the other 

way around. Whereas with P2P energy trading there are multi-directional trading within a local 

geographic area (localised energy grid) encouraging localise cash flow. With the proposed P2P market 

when prosumers have an electrical energy surplus, there are several options for this energy: 

1. Stored in a storage device (such as a battery) for later use; or 

2. Exported to the electricity grid at the wholesale retailer purchase price; or 

3. Exported and sold to other energy consumers at the P2P contract price. (Soto et al. 2021) 

 

A study undertaken by AGL provided more insight into the inner workings of P2P energy market in that 

trading is most likely to either occur directly between two participants (generator and consumer) who 

form a short-term contract, or indirectly between two participants who remain anonymous to one 

another and trade across a secure, auditable marketplace. The transactions between participants would 

require methods for low-cost authentication, validation, and settlement, while protecting consumer data 

privacy (AGL 2017). As previously researched in ENG4110 the typical approach for P2P energy market 

trading is via the well-known Distributed Ledger Technology (DLT) and this is the same case for the 

AGL trial. The most famous branch of this technology is blockchain. Blockchain can be defined as a 

distributed and digital transaction technology that allows secure storing of information and execution 

of smart contracts in P2P networks (Honarmand et al. 2021). 

 

A recent trial (Dr. Jemma Green 2020), funded in part by the Australian Government, ran between 

December 2018 and January 2020 as part of the RENeW Nexus Project involved using Powerledger’s 

blockchain technology to track the transactions of rooftop solar energy traded between 48 households 

in Fremantle, Western Australia. The trail proved the validity of using P2P trading within the current 

energy market and provided many insights to the benefits and future recommendations. During the trial 

an additional meter was installed in the homes to facilitate real-time solar trading but one of the findings 

was that the only requirement to facilitate P2P was a smart meter with remote communication 

capabilities. Although the real-time data was useful the additional costs associated with the meter and 

installation would not be warranted in large scale retro fits. It was therefore proposed that the standard 

retailer smart meter would suffice. Another part of this trial called Loco 1, looked at the typical payback 

time periods for residential batteries (sized between 10kWh and 15kWh) that were coupled with P2P or 

virtual power plant (VPP) trading. Although VPP is considered outside the scope of this dissertation it 

was noted that using a battery coupled with VPP, would mean that consumers could purchase locally 

sourced energy from prosumers with batteries throughout the day, not just when the sun was shining. It 

also means that batteries could help the grid in dealing with reverse energy flows and provide system 

services to stabilise the grid. It was also noted that the P2P trading rate was set at the Renewable Energy 

Buyback Scheme (REBS) feed in tariff (FiT) rate of 7.135 c/kWh + 10%. This particular trading rate 
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electrical power is then integrated against time to give energy used (joules, kilowatt-hours etc) 

(Technology n.d). This is given by equation 1. Current retail meters record energy consumption on a 30 

minute interval and send this information to the retailers. 

                                                                            𝐸 = ∫ 𝑃
𝑇2

𝑇1

𝑑𝑡                                                                                

( 1 ) 

E Energy (kWh) 

P Power (W) = V x I x power factor 

 

The nominal metering configuration in order to achieve the voltage and current measurements is 

dependent on the peak RMS values of voltage and current. As the retail meter is located within the 

DNSP LV network the maximum single phase nominal RMS voltage will be 240V and the maximum 

RMS current cannot exceed the service fuse which is typically limited to 63A in Energex areas. For 

these reasons the metering of both voltage and current can be achieved via direct metering and separate 

voltage transformers (VT) and current transformers (CT) are not specifically required as shown in 

Figure 3.  

 

Figure 3: Example of electrical power measurement within energy meter (Yokogawa 2017) 

In the residential energy markets consumers are typically only charged for their kWh usage and the 

other aspects of kVAr and peak demand charges (related to commercial and industrial market sectors) 

are not applicable. These other charges are not required within the residential energy market due to the 

low energy consumption of residential homes when compared to large industrial and commercial 

consumers. Commercial and industrial electric firms consume this in massive amounts, so electricity 

companies charge them a premium (CoolBlew 2019) in order to reduce negative impacts of grid 

network stability. It is therefore why it is deemed to not be economically viable to charge residential 

customers for these additional charges. 
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Key findings for dissertation  

Current metering arrangements and processes will need to be maintained in order to provide retailers 

and P2P energy market participants the feature of energy consumption/generation. Metering will be 

maintained as energy consumption (kWh) at 30-minute intervals to align with the current smart meter 

technologies. 

 

2.5 PVS and BESS configurations 

Solar and battery configurations within residential applications vary significantly and are dependent on 

factors such as the initial cost, installation location (related to weather and available space), the user’s 

objectives and the actual products themselves. The purpose of this research section is to gain an 

understanding for typical solar and battery storage configurations. Note that the fundamentals and inner 

workings of these systems is considered outside the research scope of this dissertation. 

 

Currently Queensland has one of the highest rates of household rooftop PVS installations with around 

1 in 3 homes using solar and this equates to approximately 700,000 homes and small businesses, 

producing around 4,300MW of clean energy (Department of Energy and Public Works 2023). Even 

with a steady rate of rooftop installations, Queensland continues to see a slow uptake of PVS with BESS 

(Figure 4), accounting for only 12% of the total solar-with-battery installations. (Australian Energy 

Council 2022b).  

 

Figure 4: Solar and battery installations per state since 2014 (Australian Energy Council 2022b) 
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It is important to realise that the financial incentives relating to power bill offsets are a major factor in 

the uptake of these systems and this was found to be true for 79% of surveyed individuals through a 

CIRSO study relating to the key uptake for PVS (CSIRO 2019). With the recent phasing out of high 

profit FiTs to much lower FiTs the economical payback of PVS and BESS systems is much slower than 

before. The Queensland Governments latest release of the FiTs for 2022–23, showed that the regional 

FiT was on average 9.3 cents per kilowatt hour (Government 2022b). When comparing this against the 

Solar Bonus Scheme 44 cent FiT offered prior to 2018 (Government 2018) there has been a reduction 

of nearly 79%. One of the main reasons for the FiTs falling so low is due to the reduction in wholesale 

electricity prices caused as a direct result of greater PV penetration within the market (Energy Matters 

2023).  

 

When specifically looking at the typical system sizing for Queensland homes, Energex treat solar PV 

systems, micro-wind turbines, and micro-hydro turbines and batteries as LV embedded generating (EG) 

units. These LV EG units are treated the same as they are all either DC or AC coupled and to an inverter 

prior to exporting energy to the grid. Most residential EG units connected to the main grid line fall under 

a basic connection service with Energex as the rated capacity of the system is less than or equal to 

10kVA per phase and with an export limit of up to 5kW per phase (Energex n.d). Energex are 

investigating a new EG dynamic connection arrangement that will see the ability for customers to export 

up to 10kW doubling the previous arrangement. At this stage as products progressively gain 

certification, it is anticipated that customers will be able to register for this dynamic connection on the 

SEP2 Utility Server in mid-2023 (Energex 2022).  

 

To understand typical PVS and BESS systems the GSES (2022) textbook was used as this provided a 

good overview of key requirements and aspects into these systems. It was discovered that the typical 

components in a PVS and BESS setups include: 

▪ PV array 

▪ MPPT (PV converter) 

▪ Inverter 

▪ Battery bank 

▪ Battery charger 

It is important to note that the inverter types differ for the discrete PVS and BESS systems. For a PVS 

a grid connected inverter is required as it is only capable of synching with the grid to export energy. 

Whereas for a BESS a multi-mode (or hybrid) inverter is required, which allows for management of 

grid synchronisation for energy import and export (note that import of grid energy is only possible 

through certain inverters to charge the battery) (GSES 2022). As previously mentioned PVS and BESS 

systems are either AC or DC coupled. The components are very much the same between the systems, 

but it is the configuration of these components that differ (Figure 5). 
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Figure 5: System diagram of AC and DC coupled PVS and BESS (Sandelic et al. 2019) 

In regards to AC coupled systems, these are much easier to install especially with retrofits into existing 

electrical installations but do require the use of more equipment (i.e. two inverters, one for the PVS and 

the other one for the BESS) with reductions in efficiencies caused by multiple energy conversions 

(GSES 2022). As previously mentioned, the limiting export factor is determined by the DNSP which is 

set at 5kW per phase and means that if both the solar and battery systems were exporting the inverters 

would be limited to 2.5kW each. The other component to consider is when the batteries are AC coupled 

they can only charge from the AC side of the solar inverter and as such if the solar is producing more 

than 5kW the inverter limits it to the maximum permissible by the DNSP. This therefore means that the 

extra generated solar energy is not utilised and is not achieving the maximum yield of the system.  

 

Now looking at a DC coupled system, these are more energy efficient than AC coupled systems due to 

there being less components and conversions of AC-DC and DC-AC. This arrangement can be more 

complicated to install and retrofitting into existing electrical installations can become challenging 

(Marsh 2019). A research paper undertaken by (Sandelic et al. 2019) also provided insight into the 

reliability of AC and DC coupled systems and found that probability of failure for DC-coupled 

configurations occurs 7 years later than that for AC-coupled configurations. When comparing against 

the same case sutdy for the AC coupled system, when excess solar is generated above the inverter output 

capacity the DC coupled system can absorb this excess energy maximing the yeild.  

 

Finally looking typical system sizing for Australia, data from the Australian Energy Council showed 

that the typical PVS size was between 6.5kW and 9.5kW (Australian Energy Council 2022a) and data 

from the Clean Energy Council also showed that typical residential battery storage systems range from 

3 to 12 kWh in size (Australian Energy Council 2022a). 
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Key findings for dissertation  

There are various installation configurations and overall system component sizes and such it will be 

important to ensure that the REMD is designed to operate with various system configurations. For the 

purposes of modelling a typical PVS and BESS will need to be determined (refer chapter 3), but the 

size and configuration are not the critical factors here.  

 

2.6 Energy Management Systems 

Energy management encompasses energy efficiency and productivity, but also considers the broader 

elements of energy including procurement, generation, systems and most importantly, strategy (Roberts 

2018). Without an EMS, optimisation and strategy control of all available inputs and outputs would not 

be possible. There are two key areas to an effective EMS with the first being the physical device 

performing automated management and the second being the educational aspect provided to the user.  

 

2.6.1 EMS Devices 

When looking specifically at the EMS devices there has been a lot of research undertaken into this area. 

The main research and applications noted range from smaller EMS to much larger and broader EMS. 

The following research has been broken down into the relevant sections of PVS and BESS managers, 

home energy management systems (HEMS) and microgrid energy management systems (MGEMS).  

 

2.6.1.1 PVS and BESS Energy Management Systems 

Energy management systems are only required to be installed when a BESS system is connected. PVS 

do have controller devices (MPPT) to maximise conversion from solar energy to electrical energy, but 

they don’t specifically require a management system. This is because the PVS only operates when the 

sun is shining and therefore outside of this time is un-manageable. Only once a BESS is connected can 

the excess generated energy from the PVS be stored in the batteries (Sage Automation 2018). This is 

where the EMS is required as it is responsible for determining when the BESS is to be 

charged/discharged.  

 

There are various third-party devices which can be installed to provide the features of an EMS and 

range from a simple time scheduled system to much more complex system with aspects of day ahead 

scheduling, processes for maximum profit gain, etc. An example of a simple energy management system 

was touched on in section 2.5 with the use of a multi-mode inverter, but this does tend to be very limited 

with management capabilities. Another example of a more comprehensive PVS and BESS EMS is the 

Tesla Powerwall which has an internal EMS. The Powerwall allows for the user to select various 

operating modes for how the battery energy is charged/discharged. The following is a summary of the 

key operating modes: 
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▪ Back-up reserve – provides energy during power outages. The BESS will operate normally to 

offset loads etc until the back-up reserve limit is reached and will not go below this amount. 

Only once the grid is lost will the BESS go below the pre-defined level. 

▪ Self-powered – stores excess energy from solar production to be used at night. If batteries are 

charged excess energy is exported to the grid.  

▪ Time-based control – helps to maximise savings through smart charging and discharging of 

BESS for users on ToU electrical plans. (Tesla 2023) 

 

2.6.1.2 Home Energy Management Systems 

HEMS is a technology platform comprised of both hardware and software that allows the user to 

monitor energy usage and production and to manually control and/or automate the use of energy within 

a household (Kitisarn & Martin 2021). HEMS can nominally monitor and management aspects of  

▪ Electricity import/export 

▪ Internal sub-circuit/device control 

▪ PV system 

▪ Battery storage system 

HEMS fall under two main categories with grid connected and non-grid connected. Grid connected 

systems typically do not monitor the grid energy consumption, with the intent being to reduce the grid 

reliance. Whereas the non-grid connected systems are purely focused on ensuring continuity of supply 

in the absence of grid connected back-up. For the purposes of this dissertation only grid connected 

controllers will be explored.  

 

A research paper by Badar & Anvari-Moghaddam (2022) provided a good overview of the details on 

HEMS within residential settings. HEMS framework shall normally be based on the following process: 

data collection and monitoring, data processing and analysing, forecasting/estimation (if needed), 

optimisation and execution. It was noted that majority of HEMS devices reviewed in this paper focus 

on the load energy control with various scheduling and optimisation strategies to reduce peak demand 

and consumption. This is typically achieved via separating the loads into controllable and uncontrollable 

loads. For example, controllable loads consist of air conditioners, washing machines, dishwashers, etc, 

whereas uncontrollable loads consist of lighting, fridges, ovens, etc. The ability to control these loads 

creates an element of load shedding that can be applied during times such as high ToU charge periods 

or when energy sources are not able to cope with the load. Another key component noted in an effective 

HEMS is the ability to load forecast which can be done for PV systems, loads, energy purchasing, 

energy selling, energy storage, etc. This element of forecasting allows HEMS the ability to make 

decisions based on upcoming events resulting in smarter more optimised decisions being made (Badar 

& Anvari-Moghaddam 2022). 
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A research paper by A. Derrouazin, M. Aillerie, N. Mekkakia-Maaza and J.-P. Charles provided insight 

to an application of a HEMS device. This paper looked into the development of a multi input-output 

fuzzy logic smart controller for grid connected residential applications. This smart controller integrated 

solar, wind, battery storage and also incorporated an electrolysis system to produce hydrogen suitable 

for household utilities with the overflow of renewable energy production. The fuzzy logic controller 

was intended to build on previous logic controllers and avoid the simplistic switching of relays to allow 

simultaneous routing of energy. The controller operated with a discrete set of rules and was simulated 

in MATLAB Simulink with the data sets gathered by the researchers. The main outcomes of the 

simulations proved that energy savings of up to 78% are obtainable with the use of the smart controller 

(Derrouazin et al. 2017). This research further reinforced the findings in Badar & Anvari-Moghaddam 

(2022) with regards to the ability for energy saving. 

 

Gaining an appreciation of the current target markets uptake or future uptake for HEMS devices is 

important to ensure that there is a demand for this product. A Queensland household energy survey was 

undertaken in 2022 in conjunction with Energy Queensland and Powerlink Queensland. The aim of this 

survey was to provide an insight into customers reviews and behaviours regarding energy. Some of the 

key outcomes of this survey specifically related to HEMS showed the following: 

▪ 34% of survey respondents are interested in purchasing a HEMS in the next 3 years. 

▪ Interest in HEMS is higher among those with solar PV (36%) than those without (32%).  

▪ Among the smaller sub-sample of those with solar PV who claimed to have battery storage, 

64% declared that they were very or somewhat likely to purchase a battery storage system.  

▪ Respondents with battery storage and/or an EV typically showed higher interest the value of 

HEMS. (Essential Media 2022) 

 

2.6.1.3 Microgrid Energy Management Systems  

When looking at the broader grid EMS level, a research paper by Galvan et al. (2019) provided valuable 

insight to a proposed MGEMS. This particular system was based on a hybrid control algorithm that 

combined transactive control and model predictive control for efficient management in a prosumer-

centric microgrid. Each home within the MGEMS was provisioned with a HEMS that was responsible 

for a charge schedule of an electric vehicle and a discharge schedule for PVS and BESS. The overall 

system was implemented in IEEE 33 bus test system and the overall system was evaluated under 

different electric vehicle and solar/battery storage scenarios. After simulating the results were as 

follows: 

▪ Peak load reduction of between 21–30% by shifting surplus PV power from off-peak hours 

using battery storage. 

▪ load ramp rates reduced between 39–58% 

▪ Power losses reduced between 6.3–6.8% 
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▪ Bus voltage improvements between 25–75% for busses that present under voltages. 

▪ Total cost reductions between 29–57% and savings between 52–144% 

Inferred from the results that the incentives provided by the pricing mechanisms can encourage 

customers to not only reduce peak demand but also to install more demand-side energy resources 

(Galvan et al. 2019). This research paper demonstrated the effectiveness of successful energy control 

systems especially with regards to the peak load reduction and associated cost savings.  

 

Key findings for dissertation  

It was noted that majority of HEMS research has not considered the P2P energy market and this is 

because the P2P energy market is a relatively new concept. The installation of current HEMS is on the 

load side of the meter, which offers very little opportunities for the ability to interface directly with both 

the retail and P2P markets easily. The following areas of EMS have been noted for elements to be 

incorporated but not specially explored under this dissertation: 

▪ Load scheduling will not be a component explored as a large amount of research has been 

undertaken in this area. The cost for homes to retrofit smart devices, adjust circuiting and the 

like is additional costs which may turn people away from such management systems. As such 

the REMD won’t require such drastic changes to electrical installations.  

▪ Load forecasting is a critical feature for an effective EMS but has had a large amount of research 

undertaken in this area.  

▪ Interfacing of the REMD with broader MGEMS. 

 

2.6.2 EMS Education 

The second layer to effective EMS is the prosumer education. It is an important aspect in increasing 

positive changes to reducing energy consumption and adjusting energy demand profiles, as modest 

behaviour adjustments can, over time, yield substantial energy savings on their own (Cornago 2021).  

 

Delving further into the article by Cornago (2021) about the behavioural interventions for optimising 

energy usage showed that habits (relating to subconscious preference for the status quo), personal 

preferences and social norms shape energy usage routines and behaviours. These behaviours can be 

hard to break, but through successful use of the following key behavioural levers positive energy 

improvements can be made: 

▪ Simplification and framing of information to the user – i.e. simplified display or billing data. 

▪ Feedback mechanisms – such as real time data through in-home displays, mobile applications 

or web portals that are fed with data from smart metering systems. 

▪ Social norms and comparisons - illustrating energy consumption in comparison to that of 

comparable households in the same area. 



ENG4111/ENG4112  Dissertation
  

Billy Dauth 22  

▪ Goal setting, commitment devices and reward schemes. (Cornago 2021) 

 

Looking at an Australian example of educational/behavioural based energy intervention, in 2009 the 

Queensland Government initiated the ClimateSmart Home Service. This program was designed to 

secure long-term behaviour change of energy and water usage by focusing on strong customer relations 

and access to relevant and customised information. After 300,000 homes had been retrofitted with 

energy monitoring devices with visual displays the results showed that the service had reduced 

electricity use by an estimated 3.96 kWh/day or 1,445 kWh/year, with total savings estimated at $600 

million (Kassirer 2012). This initiative shows that people play an important role in energy consumption 

as the ClimateSmart Home Service device consisted of nothing more than a visual display aid.  

 

To provide insight to people’s motivations a survey undertaken by Petkov et al. (2011) showed that  

motivation for saving energy came down to two key areas of money and pro-environmental. People 

motivated by money were obviously interested in how much money they have saved/made, whereas the 

people interested in with pro-environmental varied between how many kWh or CO2 was 

consumed/saved. An influential characteristic for the measurement units was the experience of the user 

in saving energy. The experienced users were comfortable with kWh whereas those lacking experience 

sticked mostly to the financial representation and only partly to CO2. It was also noted that the efficiency 

scale valuable in providing them a justification for the users performance (Petkov et al. 2011). This 

research provides valuable insight into the importance of education to prosumers and providing the 

relevant energy display information in line with their interests. 

 

Key findings for dissertation  

The REMD will need to have a display for the relevant information to the user as educational component 

of EMS is very important. The aspect of keeping the display information simple and relevant especially 

with reference to differing motives will be a focal point of the display. 

 

2.7 Energy Control Strategies 

As discussed in section 2.6 there have been various papers presenting different approaches for EMS, 

but further research is required into the most appropriate EMS control strategies for the REMD. This is 

to ensure that the most suitable and efficient energy controller is being implemented. For the purposes 

of this section the controller types have been narrowed down to fuzzy logic controller (FLC) and state 

machine control (SMC). 

 

The use of fuzzy logic refers to the decision-based scale with assessing truths of the given information 

rather than that of the traditional binary logic. To put more simply a two-valued logic (binary) often 
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considers 0 to be false and 1 to be true. Whereas, fuzzy logic deals with truth values between 0 and 1, 

and these values are considered as intensity (degrees) of truth (Rouse 2022). FLC controllers work by 

taking a crisp input and using fuzzification techniques to produce a fuzzy variable which is input to the 

inference section. A set of rules is then used to determine what the corresponding output fuzzy variable 

will be from the inference section. Form here the output fuzzy variable is input to the defuzzification 

section which is the inverse of the fuzzification techniques and a crisp output is produced (Figure 6). 

 

 

Figure 6: FLC block diagram (Panduru et al. 2014)  

Fuzzy logic controllers (FLC) in principle responds in a very similar manner to PID controllers. When 

developing a controller, a FLC is usually cheaper and easier than PID controller and FLCs are more 

robust in that they cover a wider operation range (Gouda et al. 2000). Between advanced control 

strategies, fuzzy logic control is often found in applications where conventional closed loop control 

does not assure satisfactory results because of non-linearity, asymmetric dynamics, or uncertainties in 

the controlled processes (Vasičkaninová et al. 2022).  

 

A state machine (SM) also known as a finite state machine is a type of controller which has a finite 

number of conditions which are known as states. This form of controller reduces the controller to just 

four components; inputs, outputs, states and state transition rules (UBC 1998). To further extend on this 

the SM uses the input information to determine the applicable state (associated outputs) based on the 

transition rules. It is also important to note that the SM can only be in one state at a time and will only 

change states once a transition rule becomes true. Although this controller type has been around for 

quite a while it is still very effective and simple at providing decision logic for complex systems. Figure 

7 below illustrates the aspects of SM notations and simple state diagram.  
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(a) 

 

(b) 

Figure 7: State machine notations and diagram (Visual Paradigm n.d) 

 

Key findings for dissertation  

As the model for this dissertation is well understood and defined the implementation of a FLC approach 

is not practical. It will add additional complexities for a simple model which will have implications for 

the economic and social considerations described in section 1.7. By implementing a SM it will allow 

for the REMD to be tested in a more straightforward and logical way which is important at the 

conceptual design phase to understand the feasibility of this EMS before complex code is written. 
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Chapter 3 – Methodology 

The following is a breakdown of the methodology for this dissertation:  

▪ Conduct background research into the following residential energy components: 

- Australian energy market 

- Queensland retail energy market 

- P2P energy market 

- Retail metering 

- PVS and BESS configurations 

- Energy management systems 

- Energy Control strategies 

▪ Perform visual inspections of residential electrical installations to gain an understating of 

typical arrangements. This will consist of investigating switchboards, metering, circuits, PV 

systems and battery storages systems. 

▪ Acquire typical interval load data for the following residential components: 

- PV system export 

- Battery storage system import/export 

- Grid connected power import/export (extending to sub-circuit breakdown) 

- Localised energy grid import/export 

▪ Design a conceptual strategy control for the REMD based on the operating modes. 

▪ Design a conceptual display unit for illustration of relevant information based on the operating 

modes. 

▪ Model the REMD in MathWorks MATLAB Simulink environment and perform simulations 

with the gathered data. 

▪ Evaluate and discuss the results from modelling. 

 

As time is of the essence it is intended that there will be specific limitations to allow for completion of 

this dissertation within the given timeframe. The following is a summary of specific limitations: 

▪ Designing, modelling, simulating and testing the REMD in the all operating profiles may not 

be possible. 

▪ Simulation of the REMD within a localised energy grid network consisting of other houses has 

not been explored.  

▪ Simulation of the controller with real-time or detailed load data has not been explored.  

▪ As no human studies are intended as part of this dissertation the educational benefits of the 

display cannot be assessed.  
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Figure 11: 6.93kW solar system typical sunny day power output 

 

Figure 12: 6.93kW solar system typical overcast day power output 
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Figure 19: Visual representation of weekday retail energy price per kWh over 24hr period 

 

 

Figure 20: Visual representation of weekend retail energy price per kWh over 24hr period 

3.3 REMD Design 

The REMD as part of this dissertation is to be designed to conceptual level only as part of a feasibility 

study. Considerations for system hardware components, sizing, etc have been considered outside the 

scope of this dissertation. The nominal system for modelling will be achieved via a strategy control 

state machine as researched in chapter 2 section 2.7 and the approach for designing this system requires 

an understanding of the inputs, outputs, states and state transition rules (UBC 1998). 
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3.3.2 States 

Each of the operating modes needs to be defined with clear objectives and aims as this will inform the 

strategy control in the state-based system. Although each operating mode will have a similar energy 

usage hierarchy there are slight differences with how the excess energy production is handled. The state 

variables and associated state based flow charts are detailed below. 

 

Operating Mode 1 - Sustainability Mode 

Target group: Users that want to place more emphasis on environmental sustainability.  

Aim: Reduce grid reliance through optimising internal renewable energy generation, with less emphasis 

placed on excess generation being exported to the grid.  

Energy Strategy: 

▪ PVS → BESS → P2P market → Retail market 

▪ Excess generation from PVS – charge batteries  

▪ BESS – discharge if PVS is not available or not enough for load 

▪ Import of energy – P2P market as preference and if not available import from retail market 

▪ Export of energy to grid – N/A 

▪ Import of energy from grid to charge BESS – N/A 

Operating flowchart: 

 

Figure 22: Flowchart for REMD sustainability operation mode 
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Operating Mode 2 - Traditional Mode  

Target group: users that are not actively concerned about their energy choices and want a conventional 

energy experience. 

Aim: The aim is to give a rounded energy experience without the P2P market that reduces energy bills 

and grid reliance.  

Energy Strategy: 

▪ PVS → BESS → Retail market (P2P market not available in this mode) 

▪ Excess generation from PVS – charge BESS first and then export to retail market  

▪ BESS – discharge BESS to offset load with following strategy 

▪ Peak– export up to the full BESS capacity 

▪ Off-peak / shoulder – export up to half of BESS capacity  

▪ Import of energy – retail market 

▪ Export of energy to grid – retail market 

▪ Import of energy from grid to charge BESS – retail market during off-peak tariff only 

Operating flowchart: 

 

Figure 23: Flowchart for REMD traditional operation mode 
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Operating Mode 3 - Benefit Mode  

Target group: prosumers that want to offset energy bills or possibly receive payments for energy 

production. 

Aim: The aim is to minimise energy import during peak times and maximise energy export during high 

FiT times.   

Energy Strategy: 

▪ PVS → BESS → P2P market → Retail market 

▪ Excess generation from PVS – to occur in the following order 

▪ BESS SoC = Full – export full excess PVS to retail market or P2P market 

▪ BESS SoC = high - charge BESS with half of excess PVS and export half of 

excess PVS to retail market or P2P market 

▪ BESS SoC < high - charge BESS with full excess PVS 

▪ BESS – discharge BESS to offset load with following strategy 

▪ Peak / shoulder tariff – export up to the full BESS capacity 

▪ Off-peak - export up to half of BESS capacity and export a certain proportion 

of BESS to the retail market or P2P market 

▪ Import of energy – P2P market as preference and if not available import from retail market 

▪ Export of energy to grid – P2P market as preference and if not available export to retail market 

▪ Import of energy from grid to charge BESS - P2P market 

Operating flowchart: 
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Figure 24: Flowchart for REMD traditional operation mode 
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The REMD in general has been modelled utilising the Simulink environment in conjunction with the 

specific add-on feature stateflow. Each operating mode was configured with a very similar layout within 

Simulink that consisted of the data components (inputs/outputs), the main stateflow block which is 

considered as the physical REMD, and finally the REMD display. The following sub-sections delve 

further into each of the main areas of the model. 

 

3.4.2 Modelling Data Components 

3.4.2.1 Input - Clock 

Timing was achieved via the Simulink library browser sources “counter limited” block. This block 

allows a for a counter to count to predefined number at the defined interval and then reset back to zero. 

For the purposes of this model there were two counters used as follows: 

1. 24 hour clock – used to synchronise the model to an hourly interval over a 24 hour day. This 

was used to determine when each tariff price was applicable and when to import/export energy 

based on the corresponding tariff pricing and was known as input “count” in the model. 

2. Day of the week clock – used to synchronise the model to the corresponding day of the week 

interval over 7 days. This was used to determine when the weekday and weekend tariff pricing 

structures were applicable and was known as input “day” in the model. 

 

Figure 26: Simulink “counter limited” block 

3.4.2.2 Input - Excel Data 

Modelling of tabulated data input data components will be achieved via the Simulink library browser 

sources “from spreadsheet” block (refer figure 27 below). This block reads data from an excel 

spreadsheet and outputs the data as a signal (i.e. waveform). The following is a list of the excel data 

components (refer to appendix E for relevant excel data used for the modelling): 
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▪ Load interval data 

▪ PVS interval data 

▪ P2P energy market data – logic waveform 

 

 

Figure 27: Simulink “from spreadsheet” block 

Note that the PVS interval data was also fed through a gain block which allows for the PVS output to 

be scaled up/down as required to simulate different PVS sizes. Operating with a gain of one will result 

with the PVS being equivalent to a 6.93kW. 

 

3.4.2.3 Input - Constants 

System constants were achieved via the Simulink library browser sources “constant” block. This block 

allows a for a constant within the model and the following is a list of the constant data components: 

▪ PVS size 

▪ Peak, shoulder and off-peak grid import tariffs price 

▪ Grid export tariff price 

▪ P2P import/export tariff price 



ENG4111/ENG4112  Dissertation
  

Billy Dauth 45  

 

Figure 28: Simulink “constant” block 

3.4.2.4 Outputs 

System outputs were terminated into Simulink library browser sinks “display” blocks. This block 

simply displays the output value of the connected port and was used to terminate the output signals to 

which can be connected to the REMD display. 

 

 

Figure 29: Simulink “display” block 

 

3.4.3 Modelling the REMD 

The ideal model for the REMD would be to have an all-in-one design which encompasses the three 

operating modes in a single stateflow as this would be the intent for the actual design of the product. 

However, for the purposes of this dissertation each operating mode has been modelled separately as it 
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3.4.3.1 Tariff Stateflow 

The tariff stateflow (Figure 31) was used to determine which retail tariff pricing was applicable based 

on the time of day. This allowed for varying tariff pricing to be entered into the constant blocks without 

the need to change the stateflow code. This stateflow consisted of three operating states which reflected 

the weekday and weekend tariff structures as shown in section 3.2.6. The state would change dependent 

on the “count” variable (which functioned as the 24-hour clock) and the “day” variable (which 

functioned as the day of the week). The return from this stateflow was the corresponding tariff price 

which was then used in the cost calculations for the import of energy and also for determining when to 

import/export energy from the grid for the traditional and benefit operating modes.  

 

 

Figure 31: Tariff state stateflow 

3.4.3.2 Battery Stateflow 

The battery state (Figure 32) was used to determine the battery state of charge (SoC). This particular 

stateflow allowed for the battery SoC to be known which could be used to determine if there was enough 

energy capacity to supply the load if operating in battery mode. The SoC was broken down into five 

levels according to the depth of discharge (DoD) limit for the battery and represented the five possible 

states for this stateflow. The chosen nominal reference battery in section 3.2.3 has a maximum safe DoD 

of 90% so the increments between the DoD and 100% were just divided into equal segments. To 

determine the SoC the charge level of the battery in kWh was compared against the predefined 

percentage relevant to the SoC state levels. 
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Figure 32: Battery state stateflow 

3.4.3.3 REMD Stateflow 

The REMD state was used to determine which energy source/s were being used by the home and was 

configured to suit the each of the specific operating modes of the REMD. Appendices F1-F3 provides 

a snippet of each of the relevant operating modes configured in the stateflow environment. Each of the 

operating modes were configured to operate in the manner described in section 3.3.2. The following 

provides a summary of the relevant key aspects of each operating mode from section 3.3.2 that need 

further explanation in order to achieve the desired operating profile. 

 

Sustainability Mode 

▪ Solar state: the BESS will charge from the PVS and will take as much charge as possible, up 

to the BESS charge limit of 6.87kWh (as per section 3.2.3), from the excess generated solar. 

▪ SolarBattery state: the BESS discharge is set to offset the load minus any available solar, up 

to the battery discharge limit of 6.87kWh. 

▪ P2P state and Grid state: configured as import only and no export of PVS or BESS can occur 

and the BESS cannot charge from either of these energy sources. 

Traditional Mode 

▪ Solar state: the BESS is configured to charge from the excess generated solar as per the 

sustainability mode, however once the BESS is fully charged the excess generated solar is 

exported to the grid. 
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▪ Solar_Battery state: configured into two separate states with one operating during peak tariff 

times and the second operating during shoulder and off-peak tariff times. The shoulder and off-

peak tariff Solar_Battery state is also configured to only discharge the BESS down to the SoC 

of medium (approx. 50%) as this ensures that during the peak period when the load is the 

greatest there will be some BESS capacity to offset the load. 

▪ Grid state: configured so that the BESS can charge from the grid if required. In order to achieve 

this at a stable rate of charge without heavily drawing from the grid a limit of 10 percent of the 

battery size of charge is allowed per hour only during off-peak tariffs. This will ensure that the 

cost for charging from the grid is kept to a minimum. The BESS will not charge from the grid 

if the tariff is outside of the off-peak hours or if the BESS SoC is full. 

Benefit Mode 

▪ Solar state: configured to allow multiple scenarios for the PVS and is dependent on the BESS 

SoC and whether the P2P energy market is available or not. If the BESS SoC is full then the 

BESS is not charged and the excess generated solar is fully exported to either the P2P energy 

market or to the retail grid and is determined on the availability of the P2P energy market. If 

the BESS SoC is high then half of the total excess generated solar is used to charge the BESS 

with the other half being exported to either the P2P energy market or to the retail grid and is 

determined on the availability of the P2P energy market. Finally if the BESS SoC is not full or 

high then the excess energy is not exported and is used to charge the BESS. Note that the charge 

rate for the BESS is also limited to the maximum charge rate of 6.87kWh (as per section 3.2.3). 

▪ Solar_Battery State: configured in much the same way as the traditional operating mode with 

the two separate states but with one for off-peak tariff and the other for shoulder and peak tariff. 

During shoulder and peak tariff the BESS is designed to not export any extra BESS energy to 

the grid and is purely to offset the load and reduce the costs associated with importing energy 

during these times. During the off-peak tariff the battery will offset the load and also export ten 

percent of the available energy in the battery to either the P2P energy market or to the retail 

grid and is determined on the availability of the P2P energy market. The preference is to export 

to the P2P energy market as this allows for an increased export tariff and increased profit. 

▪ P2P state: configured so that the BESS can charge from the P2P energy market if required. In 

order to achieve this at a stable rate of charge without heavily drawing from the P2P market a 

limit of 10 percent of the battery size of charge is allowed per hour. The BESS will not charge 

from the P2P market if the BESS SoC is full. 

▪ Grid state: configured as import only as the costs to purchase energy from this retail market is 

much greater than the P2P market and as such reduces profitability. 
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3.4.3.4 Display Stateflow 

The reference display state (Figure 33) was used to provide the relevant calculations and associated 

outputs for the display. Each of the displays for the relevant operating modes were configured to align 

in the manner described in section 3.3.3. The left-hand side (CALC state) was used to complete the 

relevant calculations required and was completed every hour, whereas the right-hand side (DISPLAY 

state) was used to complete the final calculations which would then correspond to the relevant display 

values.  

 

    

Figure 33: Example Display state stateflow (sustainability operating mode) 

The following provides a summary of the relevant calculations required in each of the operating modes 

to achieve the desired display calculations. 

 

Sustainability Mode 

▪ BESS discharge calculation – used to summate and record the amount of energy discharged 

from the BESS over the 24 hour period (calculated every hour) and is given by the following 

𝐵𝑇 =  ∑ 𝐵

24

𝑖=1

 

( 2 ) 

B BESS discharge (kWh) 

BT Total BESS discharge over 24 hours (kWh) 

 

▪ After a 24 hour period equation ( 2 ) can be substituted into the following equation to determine 

the total percentage of energy supplied from the BESS in relation to the total energy demand 

for that day 
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𝐸𝐵 =  
𝐵𝑇

𝐿𝑇
× 100 

( 3 ) 

EB BESS discharge percentage of total load (%) 

LT Total load over 24 hours (kWh) 

BT Total BESS discharge over 24 hours (kWh) 

 

▪ PVS calculation – used to summate and record the amount of energy supplied from the PVS 

over the 24 hour period (calculated every hour) and is given by the following (note that this 

calculation is relevant to the solar used to offset the load and not inclusive of the energy used 

to charge the BESS) 

𝑆𝑇 =  ∑ 𝑆

24

𝑖=1

 

( 4 ) 

S PVS load offset (kWh) 

ST Total PVS load offset over 24 hours (kWh) 

 

▪ After a 24 hour period equation ( 4 ) can be substituted into the following equation to determine 

the total percentage of energy supplied from the BESS in relation to the total energy demand 

for that day 

𝐸𝑆 =  
𝑆𝑇

𝐿𝑇
× 100 

( 5 ) 

ES PVS percentage of total load (%) 

LT Total load over 24 hours (kWh) 

ST Total PVS load offset over 24 hours (kWh) 

 

▪ P2P calculation – used to summate and record the amount of energy supplied from the P2P 

market over the 24 hour period (calculated every hour) and is given by the following 

𝑃2𝑃𝐼𝑇 =  ∑ 𝑃2𝑃𝐼

24

𝑖=1

 

( 6 ) 

P2PI P2P import (kWh) 

P2PIT Total P2P import over 24 hours (kWh) 

 

▪ After a 24 hour period equation ( 6 ) can be substituted into the following equation to determine 

the total percentage of energy supplied from the BESS in relation to the total energy demand 

for that day 

𝐸𝑃2𝑃 =  
𝑃2𝑃𝐼𝑇

𝐿𝑇
× 100 

( 7 ) 
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EP2P P2P import percentage of total load (%) 

LT Total load over 24 hours (kWh) 

P2PIT Total P2P import over 24 hours (kWh) 

 

▪ Grid calculation – used to summate and record the amount of energy supplied from the retail 

grid over the 24 hour period (calculated every hour) and is given by the following 

𝐺𝑇 =  ∑ 𝐺

24

𝑖=1

 

( 8 ) 

G Retail grid import (kWh) 

GT Total retail grid import over 24 hours (kWh) 

 

▪ After a 24 hour period equation ( 8 ) can be substituted into the following equation to determine 

the total percentage of energy supplied from the BESS in relation to the total energy demand 

for that day 

𝐸𝐺 =  
𝐺𝑇

𝐿𝑇
× 100 

( 9 ) 

EG Retail grid import percentage of total load (%) 

LT Total load over 24 hours (kWh) 

GT Total retail grid import over 24 hours (kWh) 

 

▪ Load calculation – used to summate and record the amount of energy used by the home over 

the 24 hour period (calculated every hour) and is given by the following 

𝐿𝑇 =  ∑ 𝐿

24

𝑖=1

 

( 10 ) 

L Load (kWh) 

LT Total load over 24 hours (kWh) 

 

▪ P2P import cost calculation – used to calculate the cost of the P2P energy import based on the 

tariff price (calculated every hour) and is given by the following 

𝐶𝑃2𝑃 =  P2P𝐼 × 𝑡𝑃2𝑃 

( 11 ) 

CP2P P2P import cost ($) 

P2PI P2P import (kWh) 

tP2P P2P Tariff price ($/kWh) 

 

▪ Grid import cost calculation – used to calculate the cost of the retail grid energy import based 

on the tariff price (calculated every hour) and is given by the following 

𝐶𝑔𝑟𝑖𝑑 =  G × 𝑡𝐺𝑟𝑖𝑑 
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( 12 ) 

Cgrid Retail grid import cost ($) 

G Retail grid import (kWh) 

tGrid Retail grid tariff price ($/kWh) 

 

▪ Daily cost calculation – used to summate and record the total cost of the energy import based 

on equation ( 11 ) and ( 12 ) over the 24 hour period (calculated every hour) and is given by the 

following 

𝐶𝑑 =  ∑ 𝐶𝑔𝑟𝑖𝑑 + 𝐶𝑃2𝑃

24

𝑖=1

 

( 13 ) 

Cd Total daily cost ($) 

Cgrid Retail grid import cost ($) 

CP2P P2P import cost ($) 

 

▪ Average daily cost calculation – used to record the running average daily cost of the energy 

import based on equation ( 13 ) and is given by the following 

𝐶𝑑_𝑎𝑣𝑔 =  ∑
𝐶𝑑_𝑎𝑣𝑔 + 𝐶𝑑

𝑥

𝑥

𝑖=1

 

( 14 ) 

Cd avg Average daily cost ($) 

Cd Total daily cost ($) 

𝑥 Total number of days 

 

▪ Green house gas (GHG) / CO2 offset calculation – used to calculate the total daily amount (kg) 

of CO2 that has been offset by the use of the BESS and PVS instead of the retail grid. In order 

to calculate this the indirect emission factor for Queensland (0.8 kg CO2-e/kWh) is required 

and is a specific value related to the purchased electricity emissions. This figure represents the 

estimated emissions of CO2, CH4 and N2O expressed together as carbon dioxide equivalent 

(CO2-e) (Department of Industry 2021). The following equation from (Department of Industry 

2021) has been used and modified to calculate the CO2 offset by using the total energy used 

from internal sources in equations ( 2 ) and ( 4 ) as this relates to the total energy not imported 

from the grid and isn’t contributing to the electricity emissions 

𝑌 = (𝐵𝑇 + 𝑆𝑇) × 𝐸𝐹 

( 15 ) 

Y Emission offset (CO2-e kg) 

BT Total BESS discharge over 24 hours (kWh) 

ST Total PVS load offset over 24 hours (kWh) 

EF Emission factor (kg CO2-e/kWh) 
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Traditional Mode 

▪ BESS calculation – as per equation ( 2 ) and ( 3 ) 

▪ PVS calculation – as per equation ( 4 ) and ( 5 ) 

▪ Grid calculation – as per equation ( 8 ) and ( 9 ) 

▪ Load calculation – used to summate and record the amount of energy used by the home 

(including BESS charge imported from the grid) over the 24 hour period (calculated every hour) 

and is given by the following 

𝐿𝑇 =  ∑ 𝐿 + 𝐿𝐺_𝐼

24

𝑖=1

 

( 16 ) 

L Load (kWh) 

LG_I Total energy imported from retail market to charge BESS (kWh) 

LT Total load over 24 hours (kWh) 

 

▪ Grid import cost calculation – as per equation ( 12 ) 

▪ PVS export cost calculation – used to calculate the cost of the excess exported PVS energy to 

the retail grid energy based on the tariff price (calculated every hour) and is given by the 

following 

𝐶𝑃𝑉𝑆 =  PVS𝐸 × 𝑡𝑒𝑥𝑝𝑜𝑟𝑡 

( 17 ) 

CPVS PVS export cost ($) 

PVSE PVS export (kWh) 

texport Export tariff price ($/kWh) 

 

▪ Daily cost calculation – used to summate and record the total cost of the energy import based 

on equation ( 13 ) and ( 17 ) over the 24 hour period (calculated every hour) and is given by the 

following 

𝐶𝑑 =  ∑ 𝐶𝑔𝑟𝑖𝑑 − 𝐶𝑃𝑉𝑆

24

𝑖=1

 

( 18 ) 

Cd Daily cost ($) 

Cgrid Retail grid import cost ($) 

CPVS PVS export cost ($) 

 

▪ Average daily cost calculation – as per equation ( 14 ). Note that if the average daily cost 

calculation value is less than zero the display will show that the cost is zero as export profit is 

greater than the import cost meaning that no cost is applicable by the retailer for that period of 

energy usage. 
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Benefit Mode 

▪ BESS calculation – as per equation ( 2 ) and ( 3 ) 

▪ PVS calculation – as per equation ( 4 ) and ( 5 ) 

▪ P2P calculation – as per equation ( 6 ) and ( 7 ) 

▪ Grid calculation – as per equation ( 8 ) and ( 9 ) 

▪ Load calculation – used to summate and record the amount of energy used by the home 

(including BESS charge imported from the P2P energy market) over the 24 hour period 

(calculated every hour) and is given by the following 

𝐿𝑇 =  ∑ 𝐿 + 𝐿𝑃2𝑃_𝐼

24

𝑖=1

 

( 19 ) 

L Load (kWh) 

LP2P_I Total energy imported from P2P market to 

charge BESS (kWh) 

LT Total load over 24 hours (kWh) 

 

▪ Grid import cost calculation – as per equation ( 12 ) 

▪ PVS export cost calculation P2P or Grid – as per equation ( 17 ) but with the export tariff being 

relative to the exported energy market tariff price (ie. Retail market export tariff price or P2P 

market export tariff price). 

▪ BESS export cost calculation – used to calculate the cost of the exported BESS energy to the 

retail grid or P2P market based on the tariff price (calculated every hour) and is given by the 

following 

𝐶𝐵𝐸𝑆𝑆 =  𝐸BESS × 𝑡𝑒𝑥𝑝𝑜𝑟𝑡 

( 20 ) 

CBESS BESS export cost ($) 

BESSE BESS export (kWh) 

texport Export tariff price ($/kWh) 

 

▪ Daily cost calculation – as per equation ( 13 ) 

▪ Average daily cost calculation – as per equation ( 14 ) 

▪ Daily profit calculation - used to summate and record the total profit cost of the energy exported 

based on equation ( 17 ) and ( 20 ) over the 24 hour period (calculated every hour) and is given 

by the following 

𝑃𝐶𝑑 =  ∑ 𝑃𝐶𝑃𝑉𝑆 + 𝑃𝐶𝐵𝐸𝑆𝑆

24

𝑖=1

 

( 21 ) 

PCd Daily profit cost ($) 

PCPVS PVS export profit cost ($) 

PCBESS BESS export profit cost ($) 
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▪ Daily cost display – used to show if the system was profitable or not over the period. If the 

daily profit calculation is greater than the daily cost calculation, the display will show the result 

of the following equation  

𝑃𝐶𝑑 =  𝑃𝐶𝑑 − 𝐶𝑑 

( 22 ) 

PCd Daily profit cost ($) 

Cd Daily cost ($) 

 

Whereas if the daily profit calculation is less than the daily cost calculation, the display will 

show the result of the following equation 

𝐶𝑑 =  𝐶𝑑 − 𝑃𝐶𝑑 

( 23 ) 

Cd Daily cost ($) 

PCd Daily profit cost ($) 

 

▪ Total profit – used to record the summation of the total profit of the energy import based on 

equations ( 22 ) and ( 23 ) and is given by the following 

𝑃𝐶𝑇 =  ∑ PC𝑑 − 𝐶𝑑

∞

𝑖=1

 

( 24 ) 

PCT Total profit cost ($) 

Cd Daily cost ($) 

PCd Daily profit cost ($) 

  

3.4.4 Modelling the REMD Display 

The REMD display was modelled using standard Simulink dashboard blocks with a combination of 

display blocks, linear gauge and scope. The blocks were configured to align with the display design 

requirements detailed in section 3.3.3. Each of the operating modes contained similar dashboards blocks 

with the following providing the summary 

 

Sustainability Mode 

Display area 1 

▪ Demand – display block (configured to display the data hourly) 

▪ Daily demand – display block (configured to display the data daily) 

▪ BESS SoC – linear gauge (configured to display the data hourly for the BESS SoC as a 

percentage of the total BESS capacity) 

▪ PVS output - display block (configured to display the data hourly) 

Display area 2 



ENG4111/ENG4112  Dissertation
  

Billy Dauth 57  

▪ Daily cost – display block (configured to display the data daily) 

▪ Average daily cost – display block (configured to display the data daily) 

▪ CO2 offset – display block (configured to display the data daily) 

Display area 3 

▪ Scope block (configured to display the load, BESS and PVS plots hourly) 

Display area 4 

▪ Grid usage – display block (configured to display the data daily) 

▪ P2P usage – display block (configured to display the data daily) 

▪ PVS usage – display block (configured to display the data daily) 

▪ BESS usage – display block (configured to display the data daily) 

 

 

Figure 34: Sustainability mode display modelled in Simulink 

Traditional Mode 

Display area 1 

▪ As per sustainability mode 

Display area 2 

▪ Daily cost – display block (configured to display the data daily) 

▪ Average daily cost – display block (configured to display the data daily) 

Display area 3 

▪ As per sustainability mode 

Display area 4 

▪ Grid usage – display block (configured to display the data daily) 

▪ PVS usage – display block (configured to display the data daily) 
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▪ BESS usage – display block (configured to display the data daily) 

 

 

Figure 35: Traditional mode display modelled in Simulink 

Benefit Mode 

Display area 1 

▪ As per sustainability mode 

Display area 2 

▪ Daily cost – display block (configured to display the data daily) 

▪ Daily profit – display block (configured to display the data daily) 

▪ Average daily cost – display block (configured to display the data daily) 

▪ Total profit – display block (configured to display the data daily) 

Display area 3 

▪ As per sustainability mode 

Display area 4 

▪ As per sustainability mode 
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Figure 36: Benefit mode display modelled in Simulink 

3.4.5 Complete Model Overview 

Figure 37 provides a complete model overview of the sustainability mode for the REMD in the Simulink 

environment. This figure shows the display area at the top of the model and the REMD stateflow below 

with the relevant inputs on the left-hand side and the relevant outputs on the right-hand side. Note that 

each operating mode has slightly different Simulink environments (refer appendices G1-G3) with 

differing inputs/outputs. Each operating mode was modelled in separate files to simplify the testing, 

debugging and simulation.  
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Figure 37: Simulink model overview 

3.5 Simulation Methodology 

With each of the operating modes of the REMD now modelled in Simulink simulations can now be 

undertaken to determine how well the REMD operates under various conditions. The simulation 

approach is to undertake simplified simulations during early testing to verify the code is operating as 

intended and then increase the data whilst changing variables to gain a better understanding of the 

REMD response. Each of the operating modes will be simulated separately with the discussion 

providing the contrasts between them. The following is the modelling approach used and which will be 

reflected in section 4. 
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The simulation approach is to be approached in the following manner: 

1. Initial testing – used to verify operation of code. Simulation will occur with each of the REMD 

operating modes over the 24 hour test data. Verification calculations and state logic checks will 

be undertaken to ensure code is working as intended. 

2. Final testing – used to understand how variations in variables (PVS output (ie sunny day, 

overcast day and rainy day), PVS size and BESS size) affect each of the operating modes. 

Simulation will occur with each of the REMD operating modes over a weeks worth of finite 

data and the following variances will be introduced into the models 

- Large PVS and small BESS  

- Large PVS and large BESS 

- Small PVS and large BESS 

- Small PVS and small BESS 

3.5.1 Simulation Limitations  

Whilst undertaking simulations there have been specific limitations placed on the model which are 

outlined below  

▪ All input/export data and associated calculations have been limited to hourly data. This data 

would usually be in fifteen-minute intervals which would align with current industry practice 

for metering of energy. This limitation has been put in place to reduce the number of 

calculations thus helping with simulation and proof of concept for the REMD. 

▪ The data used during simulations is finite in nature as no live data was available. All data 

simulated has been gathered from the relevant sources as described in section 3.2. 

▪ Variations in system parameters related to aspects of PVS size, BESS size, tariff prices, loads, 

etc have been reduced to what is nominated under section 3.5 in order to reduce the dissertation 

into a manageable size and testing timeframe.  

▪ Efficiencies of energy conversions from one energy source to another have not been considered 

in the calculations. 
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19 SolarBattery 

(peak) 

Yes 

20 Grid Yes It was expected that the state would change to the 

SolarBattery_Offpeak_Shoulder) state but upon further 

investigation this change to grid was correct as the BESS SoC 

was in or below the medium state Figure 41. 

21 Grid Yes As the battery SoC remained in the medium state the Grid state 

remained active Figure 41. 22 Grid Yes 

23 Grid Yes 

Table 16: Traditional mode state sequence flow summary 

 

Figure 40: Traditional mode BESS charging from PVS and Grid 

 

Figure 41: Traditional mode BESS charge SoC medium or below 
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Figure 42: Benefit mode BESS charging from PVS and P2P 

 

Figure 43: Benefit mode BESS charge SoC medium or below 

4.1.2 Energy Usage Breakdown 

The energy usage breakdown testing relates to how much each energy source was being used in the 

given operating modes. The output of this section is used to verify against the display values of display 

area 4 as described in section 3.4.4. 

 

4.1.2.1 Sustainability Mode 

After simulating the code with the initial test data the load was supplied from the available energy 

sources as shown in Figure 44 and Table 18. 





















ENG4111/ENG4112  Dissertation
  

Billy Dauth 77  

 

4.1.4.1 Sustainability Mode 

 

 

Figure 47: Sustainability mode display – initial testing 

4.1.4.2 Traditional Mode 

 

 

Figure 48: Traditional mode display – initial testing 
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4.1.4.3 Benefit Mode 

 

 

Figure 49: Benefit mode display – initial testing 
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Chapter 5 – Discussion 

5.1 REMD Design 

As previously described in detail the REMD consists of three operating modes that are aimed at specific 

target audiences. The intent was that each of the operating modes would operate with a different set of 

rules and energy sources to best align with the ethics and motivational aspects for the individual related 

to energy usage.  

 

Sustainability mode placed a lot more emphasis on using internal energy sources (PVS and BESS) as 

priority. The BESS didn’t have any time scheduled or load offset limits and the excess energy from PVS 

generation or excess BESS capacity could not be exported to the either the retail market or the P2P 

market. This was configured this way as the main premise behind this operating mode was to ensure 

the home was using all of the available internal energy sources. It was hoped that these two features 

would create a load shift or greater consciousness with regards to how much of the BESS was being 

used outside of PVS hours, but no live installation trials or human trials are proposed under this 

dissertation so this aspect could not be confirmed. This operating mode also had access to all four energy 

sources (PVS, BESS, retail market and P2P market) but with the P2P market being preference over the 

retail market. This was configured this way as the P2P market would most likely consist of renewable 

energy source exports from neighbouring houses which would align with the operating modes objects 

of aligning with sustainable energy sources.  

 

Originally the intent for traditional mode was to operate in a way that the total import/export ratio was 

as close to one as possible. The intent behind this was to essentially create a net zero impact to the grid 

by not being a large energy importer or exporter. The problem discovered before modelling was it is not 

a feasible energy management strategy as it would mean that the PVS and BESS would be in a constant 

cycle of discharging and charging in order to try and maintain the net zero arrangement. This would 

create a non-optimised operating profile for the BESS and there are better benefits to trying to offset 

the load (import from the grid) during peak hours with the use of the BESS and then charging the battery 

during non-peak hours if the battery gets below a certain percentage. Now the traditional operating 

mode was configured to provide an energy experience very similar to what the current users would be 

experiencing, but with additional layers for more optimised energy import and export. This operating 

mode would be more targeted at the users that don’t want the confusion or hassle of complex energy 

control and metering systems (i.e. older people or people not concerned about their energy usage), and 

is why the P2P market was not being accessed in this operating mode. The BESS under this operating 

mode had a timed scheduled and load offset limit which were tied to the tariffs of peak and off-

peak/shoulder. During the peak tariff the BESS would export up to the full capacity and during the off-

peak/shoulder tariffs the BESS would export up to half of the total capacity. This tariff time scheduled 
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approach has a good effect of reducing the load during peak hours and increases the load during non-

peak hours. This has a similar desired effect to evening out the import/export times more evenly across 

a 24hr period which is much the same as the intended nil import/export approach that was originally 

proposed. 

 

Benefit mode was intended to provide users with an energy management system that aimed to reduce 

the total import but maximise the export of energy to increase system profits. The REMD would 

prioritise energy export to the P2P market over the retail market as the export tariff on the P2P market 

is much better than the retail market. One aspect that was explored early during the design for this 

operating mode was a BESS charging profile from the P2P market or the retail market that would only 

allow import and export of energy during low energy demand. The problem with this approach was that 

the REMD would have to know what is considered a low energy demand for the house and then also 

make decisions on whether to import or export the BESS energy. As the peak demand usually occurs 

during the evening when the PVS has minimal to no export the BESS would be offsetting majority of 

the load and would be depleted quite quickly. Not long after this evening demand peak (which also 

occurs during the peak tariff time) the tariff structure would transition into shoulder and the off-peak 

which would than allow the BESS to import or export, but as previously mentioned the battery would 

be somewhat depleted after the evening peak demand and would always want to import energy. The 

problem here is that the BESS would charge all night (increasing import energy costs) and the excess 

generated PVS energy during the next day would not go to charging the battery but exporting to the 

grid. To combat this issue and improve the import/export to the grid a system similar to the traditional 

operating mode was implemented with time schedule and load offset limits for the BESS. This meant 

that during peak/shoulder tariffs the BESS could load offset up to the full capacity and during the off-

peak tariff the load offset and export limit was set to half of the total BESS capacity. The BESS could 

also only charge from the P2P market if the BESS was fully depleted and was set at a constant charge 

rate of 10% of the BESS total capacity. It was envisaged that with the PVS and BESS export 

configurations and the BESS import configuration that the system would provide an increased profit 

over the other operating modes. 

 

Overall each of the operating modes were configured with what was believed to be the most suitable 

energy management strategies based on the objectives of the operating modes. Each of these modes 

appeared to work as intended but as no other energy management strategies were actually modelled it 

is hard to determine if the chosen strategies are the most optimal. Further investigation and comparison 

of other energy management strategies would have provided clarity if any tweaks are required. 
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5.2 MATLAB Simulink Stateflow Model 

The original intent for this dissertation was to build the REMD device as a fuzzy logic controller as this 

type of energy management system at the time was believed to provide a workable solution. Upon 

further research into fuzzy logic controllers as part of the literature review under section 2.7 and 

discussions with the project supervisor it was discovered that this approach was not suitable. Fuzzy 

logic controllers are suited to systems where the system is unknown or not well defined, but for this 

REMD the system is very well defined and hence why the state-based control approach is preferred in 

these situations.   

 

To undertake the modelling and simulation MATLAB Simulink with the additional add-on feature of 

stateflow was utilised. This stateflow add-on allowed for the REMD to be configured with a state-based 

control approach that allowed for the knowledge gained through the USQ course ELE2303 (embedded 

systems and design) to be implemented into the stateflow model. It was discovered through the 

designing of the model that the original plan for separate states for each of the energy source 

combinations/configurations would be impractical and very complicated to implement and would 

detract from the benefits of using state-based control. The limitation of a state-based controller is that 

the controller can only operate in one state at a time and means that some of the flexibility of the model 

is limited and various scenarios do need to be captured very accurately.  The implemented strategy for 

the models was to have each major operating mode (PVS, BESS, retail market and P2P market) as a 

state with sub-states dependent on system variables such as PVS output, tariffs, BESS SoC, etc. This 

approach worked well and did provide a much simpler modelling experience but did add some 

complexities to the state transition criteria.  

 

During the initial construction of the models the approach was to build discrete states in isolation and 

then join them together once the previous state was working correctly. This approach allowed for a 

streamlined approach to debugging as only one state needed to be focused on at a time. For each of the 

operating modes the build process was very similar with the following order 

• Code tariff states 

• Code BESS SoC states 

• Code REMD main controller states 

• Code Display states 

• Build display 

 

Throughout the modelling process there were lots of debugging and tweaks required to ensure the 

correct operation and this was undertaken by comparing the REMD state choices and associated outputs 

with predefined state expectations and hand calculations for the associated outputs (refer section 41 for 
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a detailed breakdown of the initial testing procedures/results). Although the initial testing was 

computing correctly with the initial 24 hour data provided, it was discovered that there were still 

underlying errors once the simulation was provided with a weeks worth of data. These errors came from 

simple and very minor code errors which the initial data didn’t capture and that is because the variance 

of load, energy import/export, BESS size and PVS size were only included in the final testing. 

 

5.3 Results - Initial Testing 

The initial testing was completed for each of the operating modes and associated models to test the 

functionality and also to debug the system. The initial testing in general was successful and found some 

minor errors that required rectification, but overall the initial testing was positive. The following 

provides a summary of the results for each of the operating modes. 

 

5.3.1 Sustainability Mode 

The state sequence flow for this operating mode worked as intended. One anomaly that was noted with 

the code was when the controller state was compared against predefined expectations as at the 21 hour 

mark the REMD state went from the P2P market to the BESS. This ended up being correct as it was 

thought originally that the state would have remained in the P2P market as the BESS could not support 

the load. Upon further investigation it was discovered that the load had dropped enough at the 21 hour 

mark to allow the BESS to fully offset the load before being fully depleted.   

 

With reference to figure 39 the BESS charged fully over two hours from the excess PVS generation 

which is good, but the excess generated energy is purely wasted as the load is much less than the PVS 

generated energy. This means that the user would see benefits with a larger battery that could absorb 

the excess generated PVS energy or shifting some of the peak load during the evening to hours when 

the PVS is generating the most. 

 

When looking specifically at the energy source usage breakdown the traditional mode can be used as a 

baseline to understand if the sustainability mode offers improvements for greater PVS and BESS usage 

and reduced retail market and P2P market import. From table 66 it is clear that the sustainability mode 

does increase internal energy source usage by approximately 2.4% greater PVS usage and 8.76% greater 

BESS usage, whilst also decreasing the total energy import by approximately 11.16%. 
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same for all operating modes under all of the final testing simulations. The main variables changed in 

the final testing was the scaling factor for the PVS (used to simulate small and large systems) and also 

the size of the BESS (used to simulate small and large systems).  

 

During the preliminary testing and associated outputs it was noted that the breakdown of energy source 

usage was not fully adding up to 100% across all of the available energy sources (dependant on the 

operating mode). It was discovered that in each of the operating modes there were minor errors within 

the code that impacted the final breakdown results. These particular errors were not apparent in the 

initial testing as that data was only for 24 hours and as such when the controlled variances of load, solar 

irradiance and P2P market availability were adjusted the calculations undertaken by the controller were 

slightly wrong. These issues were rectified after meticulously going through and debugging the 

associated code and the following is a summary of the identified issues: 

▪ Sustainability mode – the display state was missing the battery discharge calc for the entry and 

exit conditions for the calculations state and was leading to on certain days not adding to 100%. 

This was only occurring on certain days and was dependant if the battery was discharging 

during the first and last display calculations. 

▪ Traditional mode – the solar output value during the grid state and during off-peak tariff was 

not included and the associated display calculations were not adding to 100%. This was only 

occurring on certain days and was dependant if the battery was discharging during the first and 

last display calculations. 

▪ Benefit Mode – the calculations would sometimes equal 100% and not other times, but upon 

further investigation it was discovered that one of the lines of codes in the entry condition to 

the display state calc state was wrong. 

 

5.4.1 Impacts of different PVS and BESS Sizes on Energy Source Usage 

The below tables provide a summary of the difference between the weekly averages for the energy 

source usage across differing PVS and BESS configurations. Comparing against the weekly averages 

for the energy source usage across the operating modes will provide an insight to how the operating 

modes best responds to an increase in the PVS, BESS or a combination of both. The following can be 

noted from the results 

▪ Increasing the PVS size has marginal improvements to the system performance  

▪ Increasing the BESS size has significant improvements to the system performance  

▪ Increasing both the PVS and BESS is only marginally better than the BESS size increase alone 

 

The reason why the PVS size increase didn’t have as large of an impact as the BESS size increase is 

due to the PVS export being limited to 5kW total by the inverter. The BESS is also critical at reducing 
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Chapter 6 – Conclusions 

6.1 Conclusion  

The original intent for this dissertation was to undertake a feasibility study into the development of a 

central metering and energy management device. After working through the literature reviews and 

identifying the market gap it was discovered that a device of this nature is currently lacking and further 

research and development is required. As such the REMD was designed to also have the additional 

operating modes to encourage market uptake by allowing the end users to align their energy 

management in line with their respective standpoints on ethical and motivational aspects of energy 

usage. The operating modes allowed for the two layered approach of energy control related to automated 

(controller based) and educational (consumer based) aspects which both play important roles in energy 

management. 

 

The REMD operating modes were refined and associated preliminary state control strategies were 

developed. These control strategies were then implemented and modelled in MATLAB Simulink 

Stateflow to allow the controller to be simulated within a controlled virtual environment. Nominal load, 

BESS, PVS, tariffs, etc were configured in the model which represented typical installations within the 

current residential market sector. The design and modelling of the matching display for the REMD was 

also simulated within the same model which would present the relevant system data parameters to the 

end user based on the controllers operating mode. 

 

Early results from the model simulation showed that the controller operated in line with the predefined 

operating modes and showed signs of better energy management matching to the requirements outlined 

in section 3.3. The 24 hour data simulation demonstrated the codes functionality and the associated 

bugs identified were rectified and allowed for the next phase of testing to occur which was weekly data. 

This weekly data allowed for variances in the PVS and BESS sizes to be modelled and provided insight 

to how the controller would respond to various system sizes/configurations. The results from this 

weekly data tests showed that the controller is able to manage systems with non-optimised 

configurations or sizes, but for the end user to receive the most benefit they need to ensure that there 

system is suited to the intended operating mode and energy usage profile. 

 

Overall the conceptual design of the REMD showed that this is a feasible device that could potentially 

replace current metering in residential installations and incorporate various energy sources that would 

be managed in various operating modes. Further research and development into this device is required 



ENG4111/ENG4112  Dissertation
  

Billy Dauth 103  

before it can become commercially available but the outcomes of this dissertation demonstrate its ability 

to effectively manage the available energy sources. 

6.2 Evaluation of Aims and Objectives 

When specifically evaluating the aims and objectives of this dissertation it is important to note that the 

purpose of this dissertation has been to provide a conceptual design and feasibility assessment into the 

development of a residential energy management device (REMD). The feasibility assessment has been 

completed and the following evaluations can be made: 

Criteria Comment Evaluation 

Aim The REMD aim is to present a holistic 

approach to managing the various energy 

sources (PVS, BESS, P2P energy market and 

retail market) whilst providing the relevant 

metering for the external energy markets, thus 

replacing current retail metering. 

 

All energy sources nominated were 

incorporated along with functionality 

of both metering and energy source 

management/control into one device. 

Objectives Design conceptual level strategy controls 

based on the operating modes 

Control strategies and associated flow 

charts were developed and aligned 

with the original intent. 

Design a conceptual level display that 

presents the relevant information based on the 

operating modes. 

 

A display meeting all of the relevant 

criteria was developed. 

Model and simulate the REMD within 

MathWorks MATLAB Simulink 

environment. 

 

Each operating mode was modelled 

and simulated in the Simulink 

Stateflow add-on. 

Evaluate model outcomes in line with the 

operating mode aims to determine feasibility 

of the REMD 

After simulations were completed the 

REMD was assessed and discussed 

within the results and discussion 

section and demonstrated that this 

device is feasible. 

 

6.3 Future Work 

The project objectives and specific limits were described in section 1.3 and over the course of this 

dissertation it was noted that there are a multitude of future work areas which could be explored further 

as part of other research. Some possible future scope items that would build on this dissertation include 

the following: 

 

▪ Adding other energy sources for the REMD to manage such as EV batteries, small wind 

turbines, generators, etc. This inclusion would allow for broader uptake with users with 

different energy sources. The intent would be that the REMD can manage any combination of 

the energy sources available. 

▪ Incorporation of day ahead weather predictions which would allow the REMD to determine 

how much solar energy would be available. This element can provide the REMD with the 
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availability to charge the BESS from the grid at night if there is low solar energy the next day 

and the BESS doesn’t have enough capacity for the load. 

▪ Developing and simulating other state flows based on the operating modes to determine the 

best performing state flows and system configurations for each operating mode. The state flows 

in this dissertation were designed with what is believed to be the best configuration for the 

operating mode, however until other state flows are tested this cannot be confirmed. 

▪ Increasing variations into system parameters to determine the REMD response. Variations in 

system parameters related to aspects of PVS size, BESS size, tariff prices, loads, etc have been 

reduced to what is nominated under section 3.5 in order to reduce the dissertation into a 

manageable size and testing timeframe.  

▪ Testing the operation of the REMD with different electrical configurations in the model. This 

dissertation focused on a DC coupled BESS and it would be interesting to see the implications 

for an AC coupled BESS. 

▪ Development of the wireless transmitter to transmit the relevant information to the retail market 

or P2P market. This element would allow for the automatic energy bill generation without the 

need for meter readers and the intent would be that this wireless transmitter is very similar to 

that of the current smart meters. 

▪ Evaluation of educational benefits to users of energy related aspects could be assessed through 

real-world implementation with human studies undertaken.  

▪ Development of a prototype REMD device for incorporation into a trial electrical system. This 

would provide greater insight into the operation, practicality and benefits of such a device. 

 

6.4 Reflection 

After completing the journey of this dissertation from the original concept idea by Paul Wen to where 

the dissertation currently ends after refinements in the aims and objects has been an overall good 

experience. The information gathered, researched and applied has helped to gain further understanding 

in the area of energy control and metering whilst also learning how to develop much more complex 

MATLAB Simulink models than previously undertaken. At the start of this dissertation there was little 

experience in Simulink, let alone the stateflow add-on and by the end of the modelling and results the 

competence in both aspects of the program was exponential. Time management was also another 

important aspect which could have been better implemented as there were times when the dissertation 

would stall due to lack of motivation and then very rapidly ramp up as certain submissions were due. 

The whole experience has been worthwhile and allowed a much deeper understanding into a focal area 

of interest. This device although only currently being in its feasibility and concept phase is something 

that may become a product in the near future and will be interesting to see how it is implemented.   
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Appendices 

Appendix A: Project Specification 

ENG4111/4112 Research Project 

Project Specification 

For:  Billy Dauth   

Title:  Home based solar power generation, storage, and localised energy grids  

Major:   Power Engineering 

Supervisors: Paul Wen 

Enrollment: ENG4111 – EXT S1, 2023 

  ENG4112 – EXT S2, 2023 

Project Aim:  To research and develop a conceptual design for a centralised energy controller aimed 

at residential homes incorporating solar power generation, storage, and localised energy grids. The 

controller will have 3 operating profiles allowing the user to make choices related to their ethical and 

financial stand points on power usage. The benefits for each user will be different, but the overall 

outcome is the same as it requires that there is a decrease in energy consumption and hopefully a change 

in the home energy usage profile. 

 

Programme: Version 1, 8th March 2023  

1. Conduct initial background research on the current status of solar power generation, battery 

storage and localised energy grids and also research current energy controllers. 

2. Review existing residential installations to gauge typical configurations of electrical 

installations relating to components of switchboards, circuits, solar systems, battery storages 

systems. 

3. Undertake data acquisition of typical exports/imports of energy relating to solar systems, 

battery storage systems, grid connected power and localised energy grids. This will consist of 

utility interval data and other online data sources. 

4. Conceptualise a suitable flowchart diagram for one operating profile of the controller. This will 

form part of the main code and algorithm design. 

5. Assess hardware requirements for necessary capability and concept costs. 

6. Select hardware and a suitable software development environment. 

7. Model the controller and associated inputs/outputs in proposed simulation software. 

8. Simulate controller. 

9. Refine flowcharts and algorithms based on the simulation. 

10. Simulate the final controller version in operation.  

11. Process and evaluate experimental data. 
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If time and resource permit: 

12. Complete steps 4-10 for the other operating profiles. 

13. Simulate the controller in operation within a localised energy grid format. The above simulation 

will be for just one home in isolation and not intended to be connected into a grid with other 

homes, creating the complete localised energy grid format. 
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Appendix B: Risk Assessment 
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Appendix C: Reference Inverter 
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Appendix D: Reference Battery 
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41 1.1453 0.436 1 

42 1.2017 0.0315 1 

43 1.0691 0 0 

44 0.9603 0 0 

45 0.8388 0 0 

46 0.7262 0 0 

47 0.6099 0 0 

48 0.555 0 0 

49 0.5166 0 0 

50 0.4948 0 0 

51 0.494 0 0 

52 0.513 0.002333333 0 

53 0.5974 0.270916667 0 

54 0.7716 1.43 0 

55 0.8888 3.116083333 0 

56 0.8861 4.345083333 0 

57 0.7632 5.196666667 0 

58 0.7191 5.34075 0 

59 0.7172 5.324833333 0 

60 0.7234 5.715916667 0 

61 0.7133 5.440916667 0 

62 0.7126 4.501666667 0 

63 0.7925 3.125833333 0 

64 0.9313 1.649583333 0 

65 1.2473 0.436 0 

66 1.3232 0.0315 0 

67 1.1909 0 0 

68 1.0775 0 0 

69 0.9474 0 0 

70 0.8104 0 0 

71 0.6469 0 0 

72 0.6 0 1 

73 0.6 0 1 

74 0.6 0 0 

75 0.6 0 0 

76 0.6 0.002333333 0 

77 0.6 0.270916667 1 

78 0.6 1.43 1 

79 0.6 3.116083333 1 

80 0.6 4.345083333 1 

81 0.6 5.196666667 1 

82 0.6 5.34075 1 

83 0.6 5.324833333 1 

84 0.6 5.715916667 1 
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85 0.6 5.440916667 1 

86 0.6 4.501666667 1 

87 0.6 3.125833333 0 

88 0.6 1.649583333 0 

89 0.6 0.436 0 

90 0.6 0.0315 0 

91 0.6 0 1 

92 0.6 0 1 

93 0.6 0 1 

94 0.6 0 1 

95 0.6 0 1 

96 0.6846 0 0 

97 0.6487 0 0 

98 0.6291 0 0 

99 0.6164 0 0 

100 0.6412 0 0 

101 0.7036 0.054666667 1 

102 0.8022 0.233833333 1 

103 0.8954 0.302166667 1 

104 0.942 0.642 1 

105 0.9956 0.742416667 1 

106 1.0768 0.81975 0 

107 1.1797 0.8265 0 

108 1.2946 0.898083333 0 

109 1.3749 0.859666667 0 

110 1.4245 0.572583333 0 

111 1.4626 0.447 1 

112 1.518 0.285083333 1 

113 1.5567 0.044833333 1 

114 1.5101 0 1 

115 1.3931 0 1 

116 1.2643 0 1 

117 1.0713 0 1 

118 0.9094 0 0 

119 0.7735 0 0 

120 0.555 0 0 

121 0.5166 0 1 

122 0.4948 0 0 

123 0.494 0 1 

124 0.513 0 0 

125 0.5974 0.295833333 1 

126 0.7716 1.077 0 

127 0.8888 2.8335 1 

128 0.8861 3.180166667 0 
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129 0.7632 2.34 1 

130 0.7191 3.454583333 0 

131 0.7172 2.033 1 

132 0.7234 2.180666667 0 

133 0.7133 2.9705 1 

134 0.7126 0.94775 0 

135 0.7925 0.957666667 1 

136 0.9313 0.79275 0 

137 1.2473 0.405 1 

138 1.3232 0.0305 0 

139 1.1909 0 1 

140 1.0775 0 0 

141 0.9474 0 1 

142 0.8104 0 0 

143 0.6469 0 1 

144 0.6846 0 0 

145 0.6487 0 0 

146 0.6291 0 0 

147 0.6164 0 0 

148 0.6412 0 1 

149 0.7036 0.054666667 0 

150 0.8022 0.233833333 1 

151 0.8954 0.302166667 0 

152 0.942 0.642 1 

153 0.9956 0.742416667 0 

154 1.0768 0.81975 0 

155 1.1797 0.8265 0 

156 1.2946 0.898083333 1 

157 1.3749 0.859666667 1 

158 1.4245 0.572583333 1 

159 1.4626 0.447 1 

160 1.518 0.285083333 1 

161 1.5567 0.044833333 1 

162 1.5101 0 0 

163 1.3931 0 0 

164 1.2643 0 0 

165 1.0713 0 0 

166 0.9094 0 0 

167 0.7735 0 0 
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Appendix F1: Sustainability Mode Stateflow REMD 
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Appendix F2: Traditional Mode Stateflow REMD 
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Appendix F3: Benefit Mode Stateflow REMD 
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Appendix G1: Sustainability Mode Simulink Model 
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Appendix G2: Traditional Mode Simulink Model 
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Appendix G3: Benefit Mode Simulink Model 
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Appendix H1: Sustainability Mode Sequence Flow 
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Appendix H2: Traditional Mode Sequence Flow 
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Appendix H3: Benefit Mode Sequence Flow 
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Appendix I: Small PVS & Small BESS Model Outputs 
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Appendix J: Large PVS & Small BESS Model Outputs 
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Appendix K: Small PVS & Large BESS Model Outputs 
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Appendix L: Large PVS & Large BESS Model Outputs 
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