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Photovoltaic Systems
Introduction
Photovoltaic systems are the types of renewable energy capable of transforming the sun energy using photovoltaics into electric power. These photovoltaic in other hand is capable of providing reliable energy that gives solution to the green energy users. The photovoltaic systems consist of different sizes, from those that are placed on the rooftop to those that are portable also can be used in an area that requires large power generation. The major components of solar energy are the solar battery storage unit, panels, racking, and inverters. These ideas of photovoltaic system were first discovered in 1954 by a scientist known as Bell Laboratory, who was able to use silicon to create a solar cell that was able to produce electricity when placed in the sunlight. The energy produced by the solar cells was used to power space satellites and other small machines like watches (Alsema and Nieuwlaar, 2000).
Therefore, today the energy from the solar cell is in higher demand and more competitive globally, leading to the use of photovoltaic systems to produce electricity on a large scale to meet the increased demand for electricity in many regions. There was a need for different photovoltaic systems to be put in place to produce an additional quantity of power. These key photovoltaic technologies are crystalline silicon cells, multijunction cells, and crystalline silicon cells.
Key photovoltaic Technologies
Crystalline silicon cells
This photovoltaic is the most dominant in the market today, about 90 percent in 2013.  Even though one crystalline cell makes up the many photovoltaic technologies in the market today still there is few silicon PV in the market in the form of silicon heterostructures, multi-crystalline, and single crystalline silicon (Alsema and Nieuwlaar, 2000). Although this type of PV system dominates today's market, it comprises significant factors like reasonable pricing and better efficiency than others. Also, these cells are modified into the larger modules placed on the roofs of the houses or are being used for commercial purposes to run machines.
Thin-Film Solar Cells
Thin-film solar cells are commonly used under the photovoltaic system since they are made up of thin semiconductors compared to the crystalline silicon cell-like copper indium gallium dieselize deposited to the glasses, metal, or plastics. This photovoltaic system is characterized by features like light, flexibility, laminated into windows, and integrated buildings. There are four types of thin-film solar cells single crystalline gallium arsenide, amorphous silicon, and another thin film, copper indium gallium diselenide, cadmium telluride, and dye-sensitized solar cells.
Multijunction cells
According to Alsema and Nieuwlaar (2000), this type of photovoltaic system can use light in different ways more efficient than the silicon cells and the thin-film solar cell by use of the many different layers of the semiconductors even though it consists of some of the efficiency in conversion of the sunlight into electric its much costly as compared to the others in their manufacturing process. Many people do not commonly use the use of the multijunction cell. Still, it is only limited to those willing to pay more, like satellites and uncrewed aerial vehicles requiring a high voltage of power in their operations.
Merits of a grid-tied and off-grid photovoltaic installation
Grid-tied photovoltaic installation is an electricity-generating photovoltaic power system connected to the utility grid consisting of solar panels, inverters, power conditioning units, and grid connection equipment. On the other hand, off-grid photovoltaic installation is energy produced from the solar, stalled and used in the site, and it is not connected to the electricity grid. Both grid-tied and off-grid photovoltaic installations have their advantages and disadvantages. To start with the merits, off-grid PV avoids power outages that occur without any warning. When one loses electricity, it means living in without light which is an inconvenience to the users. Loss of electricity varies from freezing rain, high winds, storms that can damage the power line, and make use of off-grid more preferable in such situations (Ramakumar and Bigger, 1993).
Secondly, off-grid and grid-tied reduces the electricity cost, which rises with the rise in production cost of fossil fuel energy source which may deplete. There are minimal or no cost of the off-grid PV, thus making individuals save money in the long run. It's advantageous since there are no monthly electricity bills since it relies on the sun upon to provide the power at no cost. Also, the maintenance is minimal since you only need to charge the battery with light. At the same time, electricity requires more care as the grid needs experts to operate them in case of any damage like wind and heavy rains.
It is easy to install the off-grid PV compared to electricity and the tied-grid where an individual with a set of tools can install it independently, helping them reduce the overall cost. Off-grid solar-powered systems invest anywhere compared to the traditional grid power where lines squeeze in using the pole and infrastructure to put energy where necessary (Ramakumar and Bigger, 1993). In the last decade, the equipment for the solar system has been falling, but the cost for the off-grid continues to rise, making people hire professionals because it was a complicated process. The off-grid solar-powered system is an easy alternative for rural areas where electricity is one of the most significant problems. Since rural and remote areas have fewer infrastructures, connecting the primary grid is a challenge and costly; therefore, off-grid solar systems offset this considerable role. This helps people living away from the primary grid to save money through an off-grid system. It gives people the freedom to live anywhere while producing and controlling power where the users don't have to pay extra to connect to anything.
Off-grid is significant in keeping the environment clean compared to other sources of energy. As a renewable energy source, it minimizes carbon footprint that keeps the environment clean, unlike the burning fossil fuel that drives the global warming crises since they produce large quantities of carbon dioxide. People decided to switch to the off-grid solar system to provide nature with the help it needs. Use solar energy technology help in providing electricity which will reduce the consumption of fossil fuel, thus minimizing the negative impact on the environment and also help in reducing the price of these fuels and gas due to this alternative solution. The solar energy system is significant in solving energy problems, mostly in remote areas (Luukkonen et al., 2013).
The electricity produced in grid-tied is more than what is consumed and used by the owners, thus increasing the number of users. Homes and buildings that use a grid-connected PV system can use a portion or all of their energy needs with solar energy and still use power from the standard electrical mains grid during the night or on cloudy dull and rainy days, giving the best of both worlds. This has increased the number of users in grid-tied as it is a multi-purpose supplier.
Grid-tied is significant as it is less expensive since it does not require batteries and other equipment. Also, it covers a large area, thus making it most effective and accessible to all. People who need electricity can easily subdivide them from the primary grid and make it to access. The net metering also allows the electricity generated by the solar to offset the electricity used from the grid during the night and cloudy days. Therefore this makes the owner earn income from grid-tied as they sell Solar Renewable Energy Credits (SRECs).
Demerits of grid-tied and off-grid photovoltaic installation
Off-grid is more costly where batteries are needed for storage of the electricity for night usage.  Batteries are required to consistently deliver electricity throughout the day and night, making it expensive. Luukkonen et al. (2013) suggest that some storms may have low storage power, making the users have no light. Off-grid also has a disadvantage where it requires people to change the lifestyle for energy consumptions. People are needed to adapt to the capacity of the electricity their solar and battery could hold without blackout.
On the other hand, Grid-tied solar systems have the disadvantage of going down if the system will shut off, leaving the user without power. Your grid-tied system will automatically shut off when the grid goes down and automatically turn back on when power is restored, making it hard for the users not to predict when the grid will go down (Luukkonen et al., 2013). Also, it makes users make a lot of loss when this grid goes down without noticing where some of the products being processed using the electricity got damaged. It also increases the insecurity if the light goes off at night and people have no other alternative to supplement it.
The disadvantage of using off-grid and grid-tied is that they have minimal electric current than the electricity. This solar energy technology relies on the sun. Thus, when the weather is unfavorable or cloudy, there will be minimal or no light since the solar will not generate the power. The power of these solar maybe not enough to supply the energy to the whole community, thus making it disadvantageous to some who will be in a blackout. This will affect those using the grid-tied since the power is supplied to them through the grid. Also, it will be a challenge to others using the off-grid, which is also expensive to purchase and install; scarcity of resources will make them miss the light (Luukkonen et al., 2013).
Main Obstacles in Large Scale Integration of Photovoltaic technologies in Buildings
Technical obstacles arise when integrating large-scale photovoltaic systems into the transmission network of the grid (Ramakumar and Bigger, 1993). Transmissions into the grid in active power regulation, reactive power regulations, and power quality. Different countries have given minimum requirements of grid codes to be met by a PV solar plant. Three obstacles have emerged due to these grid codes, which includes;
Active power regulation
 	The current PV system inverters that operate PowerPoint give the maximum active power that differs according to solar irradiance, with the help of developing different logarithms, which includes particle swarm optimization, ripple correlation, and fuzzy logic control. Algorithms have some challenges such as responding time, failure to notice changes in radiation, and how many sensors are used. Large scale PV system will be affected as it will work in the maximum power in every solar radiation, where risks of significant and quick fluctuation of the active power of the system will be increased as a result of cloud transition resulting in power balance on the grid to be affected. Ramp rate control and power curtailment are the only two major active power controls required by grid codes. Some countries allow power reserves as dynamic power control in their grid. Therefore, the maximum power point tracker will have modifications problems as its operations are not required daily. Instead, the power needed by the operator should be tracked. It is essential to know that the large-scale PV system's maximum operating point must not exceed its power capacity, deployment of energy storage will help (Ramakumar and Bigger, 1993).
Reactive Power Regulation
The science of the recent large-scale PV system inverters responsible for distributing networks to the grid lacks PV controls. However, inverters can perform following the regulations. Ramakumar and Bigger (1993), the normal PV system operations that use MPPT control hinder complete control of PQ capability during the day, limiting the system's performance. Following the requirements by the grid code of large-scale system integration, reactive power and active power are controlled by the PV system inverters. Hence, understanding the limitation of PV inverters is very important when developing inverters as the variations of solar radiations, temperature, and dc on their capability curve were not reflected. More research is going on to establish their reactive power capabilities. Research has found out that the wind power plant cannot provide enough reactive power to satisfy the grid code requirement, installing other equipment like STATCOM's, SCVs, and capacitor banks to meet the necessary amount of reactive power.
Power quality
Integrating large-scale PV systems into the grid includes various power electronic devices causing the introduction of harmonics into the grid. The switching delay of the inverter generates harmonics that play an essential role in the fluctuation of the power output of the PV (Ramakumar and Bigger, 1993). According to research, current harmonic production is less for a single tied-inverter, while multiple shunt inverters have output recent harmonic high exceeding the set standards.
Economic obstacles
Integrating PVs is costly and lacks adequate funding- construction costs are very high, making financial institutions term renewables too risky, with higher lending rates, thus scaring away investors and developers. Comparing the cost of PV to electricity and conventional fossils fuels are among obstacles to integrating photovoltaic systems.
Status of Photovoltaic Industry in Ontario/Canada/global
The photovoltaic industry employs the use of solar panels purposely meant to generate usable solar energy. Through semi-conductors, the photovoltaic electricity production system has been a significant source of clean and sustainable energy that is widely distributed across the globe. The global energy demand is consistently rising with the constant increase in the general population. Considering the new trends, the photovoltaic segment of power production is also expected to present significant advancements. From Buresch (1983), Canada has a substantial potential for solar energy production due to its vast area. The country has experienced significant growth in the solar power generation sectors over the years since 2010. For instance, evidence drawn from the Canadian Renewable Energy Association indicates an increase from 221 MW of energy produced in 2010 to 3 310 MW of power in 2019.
In the previous ending year 2020, the country's renewable energy Association noted that the government had installed at least 70 MW of solar photovoltaic capacity (Bebon, 2021). Even though almost all the provinces in Canada present great potential for exploiting valuable solar energy resources, the solar power potential in Ontario is significantly tapped. Notably, close to over 96 % of Canada's total photovoltaic power generation is done in Ontario. Despite this significant exploitation of the province's solar energy potential, other important photovoltaic projects are coming up in Quebec, Alberta, and British Columbia (Lindahl et al., 2018). The significant growth of the photovoltaic system in Ontario is attributed to the many regulations that are particularly limited to the region.
The presence of incentives has also been considered a major driving factor for the developing photovoltaic system in Ontario. The Feed-in-tariffs and the net metering systems synonymous only to the city of Ontario have significantly influenced the establishment of the PV systems. Additionally, regulations such as the Green Energy and the Green Economic Act passed by the Ontario government have also been phenomenal in replacing coal-fired power in the province (Government of Ontario). Even though Ontario leads the entire country in terms of solar power generation, the construction of the Travers Solar project is expected to make Alberta a competitive production region. It is essential to note that the Travers Solar project is expected to generate a whopping 465 MW of energy by the end of 2022.
Across Canada, the federal has been a critical player in ensuring that the photovoltaic system of power production takes root. Firstly, to support solar development in the country, the government has accelerated the deployment of solar power in the country. Secondly, it has helped both on-grid and off-grid installations. Believably, these strategies are believed to drive the solar market in the market. Compared to the United States, the photovoltaic systems in Canada are relatively nascent. According to a new report by the Canadian Renewable Energy Association, the photovoltaic system has contributed more to Canada's installed electricity generating capacity than the other technologies in the last decade. Significant growth in the solar energy sector has been attributed to the substantial cost reductions necessitated by the advancing technology.
CanREA has indicated that Canada's energy storage market is also growing due to the continued decline in the cost of generating solar energy. It is important to note that the photovoltaic systems connected to the in-grid systems are fast approaching grid parity. Ontario's grid-connected to the photovoltaic systems are linked either to the transmission or distribution systems (Buresch, 1983). About 1.8% of Ontario’s transmission is composed of PV systems. A closer look at the production trends in Ontario reveals that the annual photovoltaic capacity additions peaked in 2015 at 671 MW of energy. The PV output is observably high during the summer when the demands are higher. In this view, the photovoltaic systems are considered essential relief to the electricity grid.
In the new electricity mix, photovoltaic systems are considered smart choices for global future power generation. In Canada, the sector is rapidly rising, with installations growing by over 60 % each year. Even though there are no apparent records to indicate the percentage of both ground and rooftop installations across the country, most of Canada's growth in the photovoltaic sector rests in Ontario, where close to 96 % of solar energy is currently produced. Favorable regulations such as the Green Energy and the Green Economic Act have removed barriers for engagement in solar energy production and promoted the opportunities for its production. For this reason, Ontario has moved from virtually zero output to almost 2 GW of solar energy capacity (Luukkonen et al., 2013).
The cumulative national installed photovoltaic capacity in 2018 was 310 GW. This represented a 5.5 % approximate growth from the previous year. Canada does not efficiently track off-grid photovoltaic production, and this has been assumed to be negligible. Much of the centralized photovoltaic capacity is derived from the province of Ontario, with additions drawn from Alberta. In conclusion, estimated reports somewhat indicate that Ontario represents close to 96% of the installed countrywide PV capacity. 
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