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[bookmark: _Toc149950729]Overview of wind farm development
New Horizon Wind Energy is ready to lead a new era of energy freedom by using the traditional knowledge of controlling wind, which has been used by people since the beginning of time, from sails on ships to windmills in rural areas. In the 21st century, we've come up with a new way to use advanced technology to turn wind, one of our most durable natural resources, into an important source of electricity. This energy can be used right away where it is generated, or it can be saved for later use. Our company wants to contribute to making wind power an important part of a healthy future. We offer a range of options that are good for the environment and fit in with the global push for clean energy sources.
[bookmark: _Toc149950730]How does a wind farm development idea address a market gap?
[bookmark: _Toc149950731]Countries worldwide are attempting to provide power to all. Nearly 90% of the global population has electricity by 2018, up from 72.65% in 1998 (Ritchie et al., 2023). Energy consumption is rising worldwide, especially in India. India is the third-largest energy user in the world, and its energy demand has nearly doubled since 2000, with 80% coming from traditional sources. 
Recent efforts to promote renewable energy sources have led to more than 28% of the world's electricity output in 2020 (Solaun, 2019). Climate change affects every continent. The globe is seeking greener alternatives, and sustainable energy generation is essential for economic and environmental stability.
The business association believes wind energy can solve global energy problems. It can be expanded to address power price fluctuations, energy instability, and fossil fuel use. Long-term fossil fuel use can undermine society, the environment, and national security (Holt, 2022).
Constant availability of wind:
Wind is widely available almost everywhere on Earth, and we have detailed knowledge of its prevalence and strength. This knowledge allows us to strategically place wind turbines in areas with strong winds, which can generate more energy and offset initial investment costs (Miller, 2018).
[bookmark: _Toc149950732]Readily available in remote areas
Wind power is useful in remote areas without access to the electricity grid, making micro-grid solutions viable. This is particularly valuable in isolated regions, as it eliminates the need for costly infrastructure development. Unlike other renewable energy sources like geothermal or hydroelectric power, wind power can be harnessed globally, except in a few unsuitable locations.
[bookmark: _Toc149950733]Wind power exhibits consistency in the medium and long term. 
While its intermittent nature on a daily basis is often mentioned as a drawback, it doesn't depend on specific times of the day or night. Instead, it follows seasonal and annual 
patterns, providing a reliable and distinct energy source that complements solar energy (Farghali et al., 2023).
[bookmark: _Toc149950734]Efficiency of converting wind power into electricity
The efficiency of converting wind power into electricity has reached impressive levels, ranging from 40% to 50%, close to the theoretical maximum of 59% according to Betz's law.
[bookmark: _Toc149950735]Wind turbines occupy minimal land space
Wind turbines occupy minimal land space, as they have a vertical profile with a negligible base size compared to photovoltaic plants (Merrill, 2021). This allows land to be used for other purposes concurrently.
[bookmark: _Toc149950736]Wind power is economically favourable
Wind power is economically favourable compared to other energy sources, with low installation and operating costs, short construction times, and decreasing costs due to technological advancements and national incentives.
[bookmark: _Toc149950737]The proposed location of your business and its legal entity
There are many things to think about when choosing places for wind farms and setting up wind turbines. These include scientific, economic, social, and environmental factors. There are many things that can go wrong with the site selection process, such as environmental and topographic restrictions, geographical factors, public resistance, and regulation problems (Talinli et al., 2011).
Wind Speed
It depends on where you are on how strong the wind is at the height where the windmill will be placed for wind power to be effective correctly. Wind turbine design is contingent upon the average wind velocity at the selected construction site. 
Land Topography and Geology
Wind speed and direction can vary based on the topographic characteristics of an area (Huang , 2019). Wind farms typically require substantial land, and topography and prevalent wind conditions determine the arrangement and spacing of turbines within the wind farm. 

Grid Structure and Distance
Connecting wind turbines to the power grid can change the quality and dependability of the power supply, especially since the amount of power generated by wind can change without warning (Abo-Khalil, 2013). Adding sporadic power to power lines can change the quality of the power, mostly because of how much the intermittent sources add to the immediate load. 
Turbine Size
[bookmark: _Toc149950738]The minimum height for setting turbines above ground influences annual energy production. Energy flow depends on turbine size since larger blades catch more wind. But bigger machines demand higher towers, which may not be achievable due to the building and maintenance.
Wind turbines work best in areas with an average yearly wind speed of 9 mph (4 m/s) for small turbines and 13 mph (5.8 m/s) for utility-scale turbines. Plant on high, slightly shaped hilltops, wide fields, bodies of water, and mountain passes that channel and boost wind. McKenzie (2023) states that wind speeds rise with altitude. This is why 500-900-foot towers hold large wind turbines.
Wind power plants require more than simply wind turbines in windy areas. Elgendi advises wind farm owners to consider where to place the blades and how often and quickly the wind blows there (Elegendi, 2023).
A clear understanding of the Wind energy SWOT analysis
In order to assess the potential of wind energy resources in the Sindh region, a Strengths, Weaknesses, Opportunities, and Threats (SWOT) analysis has been conducted. These attributes help in determining effective strategies for harnessing wind power (Shaikh et al., 2022).
[bookmark: _Toc149950739]Strengths
(a) Abundant Resource: The installed and under-construction, reveals a significant abundance of wind potential for power generation, with capacities of 1335 MW and 510 MW.
(b) Cost-Effective Tariffs: The national electrical power company can obtain cost-effective tariffs, benefitting both on-grid and off-grid consumers with affordable unit prices, currently set at 10 cents per kWh.
(c) Bulk Power Generation: Wind power has the potential to generate 7.653 GWh of electrical energy annually, contributing to the interconnected national grid.
(d) Independent Power Plants (IPPs) Contribution: Several IPPs strategically located projects in the wind corridor to bolster the national energy supply (Baloch et al., 2017). These projects offer opportunities for government incentives and cost-effective tariffs.
(e) Greenhouse Gas Emissions Reduction: Wind power projects effectively reduce greenhouse gas emissions. A 50 MW wind power project can produce 110 GWh of annual electrical power, mitigating around 63,620 tons of CO2 emissions.
[bookmark: _Toc149950740]Weaknesses
(a) Turbine Height Requirement: Large-capacity wind turbines require significant height to efficiently harness wind resources for bulk electrical power generation, with wind behavior varying with altitude.
(b) Foundation Strength: The colossal weight of giant wind turbines necessitates robust foundations to withstand environmental challenges.
(c) GHG Emissions During Foundation: The construction materials used for turbine foundations can emit greenhouse gases, posing health concerns for workers and residents at the construction site.
(d) Noise from Wind Blades and Generators: The movement of high-speed wind through large turbine blades and the operation of generators generate unwanted noise, necessitating the placement of large wind turbines away from populated areas.
(e) Operation and Maintenance Requirements: Wind turbines have multiple auxiliary components, and any component detachment or damage can lead to serious injuries due to the towering turbines (Khodabux, 2022). Scheduled operation and maintenance are crucial to prevent accidents.
[bookmark: _Toc149950741]Opportunities
(a) Wind Power Share by 2030: The Energy Security Action Plan 2006 sets a target for wind power to contribute at least 5% of the national on-grid power generation by 2030, with incentives provided to Wind IPPs (Irfan, 2020).
(b) Employment Opportunities: Wind power projects initiated by foreign or local investors will create employment opportunities for local workers and engineers residing near these projects.
[bookmark: _Toc149950742]Threats
(a) Power Management: Effective management of generated power by organizations such as AEDB, PEPCO, and NEPRA is crucial for the efficient operation of installed wind projects.
(b) Financial Crisis: The involvement of investors, especially in Sindh, is essential to generate bulk electrical power and reduce capital costs. The lack of investment could result in the wastage of natural wind resources.
(c) Landscape and Land Use: Large wind power projects necessitate installation away from populated areas, leading to transportation issues and the need for proper land acquisition to avoid hindrances in electrical power generation.
(d) Bird Mortality: The sharp blades of giant wind turbines can increase bird mortality, posing a significant ecological concern.
(e) Synchronization with Grid Power: Wind power projects generate AC power, and proper synchronization with the conventional grid is essential to avoid power mismatches and blackouts.
(f) Variable Power Source: Wind power's reliance on variable wind speeds leads to fluctuating power generation, necessitating auxiliary components and automatic brake systems for turbine safety during high winds or thunderstorms.
[bookmark: _Toc149950743]An Overview of the Global Wind Energy Market - 2027
The global wind energy market was $62.1 billion in 2019 and is expected to reach $127.2 billion by 2027. According to Fernández Lucía Fernández (2023), the CAGR for this growth is 9.3% from 2020 to 2027. Renewable wind energy generates electricity from wind kinetic energy. Wind turbines turn wind power into mechanical energy, which generators convert into electricity. 
Wind energy can be generated onshore or offshore. Offshore wind turbines are in oceans or seas, while onshore turbines are on land. Due to wind consistency, offshore wind turbines are more efficient than onshore ones. 
[bookmark: _Toc149950744]Market Deployment Strategy for Wind Energy 
Enabling Market Development: This helps wind energy become a regular energy source. They intend to fix electricity market issues, make it easier to predict market changes, ensure constant income, and adapt the energy grid to wind power (Pritchard, 2017).
Cost reduction: Wind energy prices have risen in recent years due to rising demand and material costs. To make wind energy cheaper, the sector should cut investment, operating, and borrowing costs.
Improve Administrative Processes: Wind farm approvals can be lengthy and unreliable. Try making this process simpler and more effective.
Integrating Wind Power into the Environment: Despite its environmental benefits, wind farm projects are occasionally resisted due to local concerns. The field should improve environmental impact measurement and sharing.
Financial Plan
[bookmark: _Toc149950745]Detailed Budget
The financial success of building a wind farm depends on carefully planning a budget that includes all of the costs of setting up and running the farm. The following important parts make up a full budget for a wind farm project:
Land Acquisition or Lease Costs: The most important thing is to find a piece of land that is good for collecting wind energy. The price changes a lot depending on where you live and how much land you have. For example, it can cost between $3,000 and $6,000 an acre a year to rent land for wind farms (Schleede, 2018). The costs of acquisition are higher at first, but they can save you money in the long run.
Wind Turbine Costs: The costliest aspect of constructing a wind farm is in the turbines themselves, including the procurement, transportation, and installation processes. The cost of additional electricity per megawatt is subject to market fluctuations, with an average range of $800,000 to $1,200,000 (IRENA, 2020). This figure encompasses the cumulative costs of manufacture, shipping, and installation.
Infrastructure Costs: The essential supplementary infrastructure includes access roads, operating buildings, and grid connections. According to Windustry, the fees associated with infrastructure might account for around 15-20% of the overall costs incurred in the purchase of turbines (Windustry, 2019).
Permitting and Legal Fees: The process of achieving operational legality requires the allocation of funds for licences and legal advisory services, which may result in significant expenses up to tens of thousands of dollars. The exact amount is contingent upon the specific legislation in the given area and the scope of the undertaking (AWEA, 2019).
Operational Costs: The durability and effectiveness of a wind farm are contingent upon routine maintenance, insurance coverage, compensation for personnel, and administrative expenses. On an annual basis, these factors may represent around 1-2% of the whole original investment (Lantz et al., 2012).
Contingency Funds: An advisable approach to budgeting involves setting up a contingency reserve, often advised to be between 5-10% of the overall budget, in order to mitigate unexpected expenses (DOE, 2013).
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In order to maintain fiscal prudence and investment feasibility, it is essential that each budgetary line item be supported by thorough study and up-to-date data. The aggregation of these expenses yields a pragmatic fiscal structure that is necessary for the strategic formulation and effective implementation of a wind energy facility endeavour.
[bookmark: _Toc149950746]Financial Projection and Investment Sources
The inclusion of financial predictions for a wind farm is an essential component of the business plan, as it offers valuable insights into the economic viability and sustainability of the enterprise. A well constructed financial projection outlines the projected path of revenue, costs, and overall profitability.
Profit and Loss Statement (P&L): The profit and loss prediction encompasses the economic performance of the wind farm, forecasting the income generated from power sales in relation to operating expenses, interest payments, taxes, and asset depreciation. As an example, a wind farm with a power generation capacity of 100 MW, and running at a capacity factor of 40%, is estimated to produce around 350,400 MWh of electricity on a yearly basis. With an average selling price of $0.05 per kilowatt-hour (kWh), the potential yearly income might amount to $17.52 million. The operational expenditures, including maintenance, insurance, and personnel, which on average amount to $0.01 per kilowatt-hour (kWh), would result in an estimated total of $3.5 million. Consequently, this would lead to a gross operating profit of $14.02 million before considering factors such as interest, taxes, and depreciation.
Cash Flow Statement: The financial statement in question has significant importance as it serves as a comprehensive record of the cash influx resulting from energy sales, as well as the outflow pertaining to costs and capital expenditures. The clarity of the statement on liquidity is crucial for both operational and strategic planning purposes. A positive cash flow is essential for a firm to fulfil its financial commitments and allocate resources towards future expansion.
Balance Sheet: The balance sheet shows the company's assets and debts at a certain point in time. It lists assets like turbines and infrastructure, liabilities like loans, and stock from investors. The initial investment would be big, but it would go down over time as the equipment wears out and the debt is paid off.
[bookmark: _Toc149950747]Estimations needed for these projections include:
Capacity Factor: Depending on where they are located, new wind farms may have capacity factors that range from 30% to 50%.
Energy Production: This depends on how much power the wind farm can produce and the local wind resource.
Revenue Projections: Depending on how much energy is produced and the current market price or existing PPAs.
Depreciation: Wind turbines and other tools lose operational value over time, usually between 20 and 25 years.
[bookmark: _Toc149950748]Funding Requirements and Sources:
The funding that is required to build the wind farm must be secured. There are many ways to get financing, including:
Equity Financing: Capital procured in exchange for ownership stakes.
Debt Financing: Loans secured from financial entities.
Grants and Subsidies: Funds from governmental or ecological initiatives that bolster renewable energy projects.
Project Finance: A synergistic financing framework amalgamating debt, equity, and financial safeguards.
In conclusion, the financial forecasts for a wind farm make it clear that the business is economically viable and is also sustainable. The P&L, cash flow, and balance sheet show a strong financial structure ready for growth and profit because of careful analysis and projections. This shows that the wind farm could be a good way to make money and help the environment in the growing green energy market.
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