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Assuming A 35% Corporate sustainability tax credit or incentive, this
scenario offers a compelling case study for renewable energy investments.
Wind energy has become a cornerstone in the transition toward cleaner, more
sustainable power sources. Understanding the economic, environmental, and
operational aspects of such a wind turbine can help businesses, investors,
and policymakers make informed decisions about renewable energy projects.
This comprehensive article explores the technical specifications, financial
implications, environmental benefits, and the broader impact of deploying a
$3 million wind turbine capable of generating 5 million kWh annually.

Understanding the Basic Parameters of the Wind
Turbine

Capital Cost and Energy Output

This particular wind turbine involves an upfront capital investment of $3
million. It is designed to produce approximately 5 million kilowatt-hours
(kWh) per year, which indicates a high capacity factor and efficient energy
conversion. For context:

- Capital Cost: $3,000,000
- Annual Energy Production: 5,000,000 kWh
- Cost per Kwh: $0.60 (initially, based on capital cost)

Capacity and Efficiency

Given these numbers, the turbine's capacity can be estimated as follows:

- Estimated Capacity (MW):

\ [

\text{Capacity} = \frac{\text{Annual Energy (kWh)}}{\text{Hours per Year}
\times \text{Capacity Factor}}

\1

Assuming an average capacity factor of 35% (common for onshore wind):

\ [



\text{Capacity} \approx \frac{5,000,000}{8,760 \times 0.35} \approx 1.63\,
\mathrm{Mw}
\1

This indicates a turbine with a rated capacity of approximately 1.6 MW to 1.7
MW, which is typical for modern onshore wind projects.

Financial Analysis and Incentives

Initial Investment and Cost Breakdown

The $3 million capital cost generally covers:

- Turbine procurement

- Site preparation

- Installation and commissioning
- Grid connection infrastructure

Additional costs may include permitting, maintenance, and operation expenses,
which are critical for long-term project viability.

Tax Credits and Incentives

Assuming a 35% corporate tax credit or incentive, the financial benefits are
substantial:

- Tax Credit Calculation:

\ [

35\% \times \$3,000,000 = \$1,050,000
\1]

- Net Investment Post-Incentives:

\ [

\$3,000,000 - \$1,050,000 = \$1,950,000
\1]

This reduction significantly improves the project's return on investment
(ROI) and payback period, making wind projects more financially attractive.

Operational Cost and Revenue Streams

Operational costs for wind turbines are relatively low, mainly including
maintenance, insurance, and land lease payments if applicable. Revenue
streams primarily come from:



- Electricity sales to the grid
- Renewable Energy Certificates (RECs) or Green Certificates
- Potential power purchase agreements (PPAs) with corporate or utility buyers

Economic Benefits of Wind Turbine Deployment

Cost of Electricity Generation

Based on the total annual energy production:

- Levelized Cost of Electricity (LCOE):

\ [
\text{LCOE} = \frac{\text{Total lifetime costs}}{\text{Total energy produced

over lifetime}}
\1

Assuming a 20-year lifespan and accounting for maintenance, the LCOE can be

roughly estimated at $0.03 to $0.05 per kWh, making wind energy competitive
with or cheaper than many traditional energy sources.

Return on Investment (ROI) and Payback Period
Calculating ROI involves considering:

- Annual revenue from energy sales

- Incentive benefits

- Operational costs

A simplified payback period:

- Estimated annual revenue:

\ [

5,000,000\, \text{kWh} \times \$0.05 = \$250,000

\1

- Payback period:

\ [

\frac{\$1,950,000}{\$250,000} \approx 7.8\, \text{years}
\1

This quick recovery period enhances the appeal for investors and corporate
entities aiming for sustainable operations.



Environmental and Societal Impact

Reduction in Carbon Emissions

Wind turbines significantly decrease greenhouse gas emissions by displacing
fossil fuel-based power generation:

- Estimated CO: reduction per year:
Approximately 2,000 to 3,000 metric tons, depending on the grid's energy mix.

Conservation of Resources and Land Use

Wind projects require relatively small land footprints, and the land can
often be used for agriculture or other purposes simultaneously.

Job Creation and Community Benefits

Developing wind farms promotes:

- Local employment during construction and maintenance
- Community investments and partnerships
- Enhanced energy independence

Challenges and Considerations in Wind Energy
Projects

Site Selection and Wind Resource Assessment

The success of a wind project depends heavily on:

- Wind resource quality
- Proximity to grid infrastructure
- Environmental and social impact assessments

Regulatory and Policy Environment

Policies such as feed-in tariffs, renewable portfolio standards, and
incentives influence project feasibility.



Operational and Maintenance Risks

Ensuring long-term efficiency requires:

- Regular maintenance schedules
- Monitoring systems for performance optimization
- Handling technological upgrades

Future Outlook and Trends in Wind Energy

Technological Advancements

Ongoing innovations include:

- Larger turbines with higher capacities
- Floating offshore wind turbines
- Enhanced blade designs for efficiency

Market Expansion and Global Adoption

Countries worldwide are investing heavily in wind energy, driven by climate
commitments and energy security concerns.

Integration with Energy Storage

Combining wind with battery storage solutions enhances grid stability and
ensures a reliable power supply.

Conclusion: The Strategic Value of Investing in
Wind Turbines

The example of a $3 million wind turbine delivering 5 million kWh annually
underscores the viability and strategic importance of renewable energy
investments. With significant tax incentives, competitive electricity costs,
and environmental benefits, wind energy projects are increasingly attractive
for corporations, governments, and investors aiming for sustainable growth.
As technology advances and policies evolve, wind energy’'s role in the global
energy mix is set to expand, offering a cleaner and more resilient power
future.



Key Takeaways:

1. A mid-sized wind turbine costing around $3 million can generate
substantial energy, making it a viable investment.

2. Tax incentives, such as a 35% corporate tax credit, significantly enhance
project economics.

3. Wind energy offers competitive costs, environmental benefits, and job
creation opportunities.

4. Proper site assessment, technological innovation, and supportive policies
are critical for success.

5. The future of wind power is promising, with ongoing advancements and
increasing global adoption.

By understanding these factors, stakeholders can better evaluate the
potential and strategic advantages of wind energy projects, contributing to a
sustainable and resilient energy future.

Frequently Asked Questions

What is the approximate cost per kilowatt-hour (kWh)
for the wind turbine with a $3 million capital cost
producing 5 million kWh annually?

The cost per kWh is approximately $0.60, calculated by dividing the $3
million capital cost by the 5 million kWh produced annually.

How does a 35% corporate tax rate impact the
financial viability of this wind turbine project?

A 35% corporate tax rate allows for significant tax savings through
depreciation and credits, improving the project's return on investment and
overall profitability.

What is the expected annual revenue from this wind
turbine, assuming an average electricity rate of
$0.10 per kWh?

The expected annual revenue is approximately $500,000, calculated by
multiplying 5 million kWh by $0.10 per kWh.

How does the wind turbine's capacity factor



influence its annual energy production and financial
returns?

A higher capacity factor means more consistent energy generation, increasing
annual production and potential revenue, thereby enhancing the project's
financial viability.

What are some key considerations for evaluating the
return on investment (ROI) for this wind turbine
project?

Key considerations include initial capital costs, operational and maintenance
expenses, energy production efficiency, tax incentives, and the prevailing
electricity rates.

Additional Resources

A Wind Turbine With A Capital Cost Of $3 Million Delivers 5 Million KWh/yr:
An In-Depth Analysis

In the rapidly evolving landscape of renewable energy, wind power continues
to assert itself as a viable and sustainable solution for electricity
generation. Among the myriad of projects, one particular case stands out: a
wind turbine with a capital cost of approximately $3 million that delivers an
impressive 5 million kilowatt-hours (KWh) annually. This scenario prompts
critical questions about economic viability, efficiency, environmental
impact, and the broader implications for corporate sustainability strategies.
This investigative article seeks to thoroughly analyze this case, dissecting
its components, and exploring its significance within the renewable energy
sector.

Understanding the Basics: Capital Cost and
Energy Output

At the core of this analysis are two fundamental metrics: the initial capital
cost and the annual energy production.

- Capital Cost ($3 million): This figure encompasses all expenses related to
the procurement, installation, and commissioning of the wind turbine. It
typically includes the turbine itself, foundation work, electrical
connections, permitting, and other ancillary costs.

- Annual Energy Production (5 million KWh): This represents the total amount



of electricity generated by the turbine over a year, assuming optimal
operation and average wind conditions.

These metrics serve as the basis for evaluating the economic performance and
efficiency of wind energy projects.

Assessing the Cost-Effectiveness

A critical metric in renewable energy economics is the Levelized Cost of
Electricity (LCOE), which measures the average cost per unit of electricity
generated over the project’s lifetime, considering initial investment,
operational costs, and expected energy output.

Calculating the LCOE

Given the data:

- Capital Cost: $3,000,000

- Annual Energy Output: 5,000,000 Kwh

- Assume a project lifetime of 20 years

- Operational and Maintenance (0&M) costs: typically around 1-3% of initial
capital per year (for our purposes, assume 2%)
Step 1: Total Lifetime Energy Production

Total energy over 20 years:

5 million KwWh/year x 20 years = 100 million KWh
Step 2: Total Operational & Maintenance Costs
Annual O&M costs:

% of $3 million = $60,000

Over 20 years:

$60,000 x 20 = $1,200,000

Step 3: Total Lifetime Cost

Initial capital + O&M costs:

$3,000,000 + $1,200,000 = $4,200,000



Step 4: LCOE Calculation

LCOE

Total lifetime costs / Total energy produced

LCOE = $4,200,000 / 100,000,000 KWwh = $0.042 per Kwh

This equates to approximately 4.2 cents per KWh, which is highly competitive

compared to conventional fossil fuel sources, especially considering the
environmental benefits.

Economic Viability and Return on Investment

The economic attractiveness of this project hinges on the prevailing
electricity tariffs, available incentives, and corporate sustainability
goals.

Revenue Considerations

Suppose the local electricity rate is around 10 cents per Kwh:
- Annual revenue from electricity sales:

5 million Kwh x $0.10 = $500,000

- Return on Investment (ROI):

Initial capital: $3 million

Annual revenue: $500,000

Simple payback period:

$3,000,000 / $500,000 = 6 years

Note: This simplistic calculation does not factor in O&M costs, taxes, or
potential subsidies.

Incentives and Tax Benefits

Many jurisdictions offer tax credits, accelerated depreciation, or grants for
renewable energy projects, which can significantly improve ROI. For example:

- Investment Tax Credit (ITC): A federal or regional incentive providing a



percentage of the capital cost as a tax credit.

- Production Tax Credit (PTC): Offers per-unit credits for renewable energy
generation.

Assuming a 30% ITC:

- Tax credit amount:

$3 million x 30% = $900,000

This effectively reduces net capital cost to $2.1 million, further improving
payback and ROI timelines.

Technical Aspects and Efficiency Factors

Understanding the technical performance of the turbine is essential to
contextualize the energy output.

Capacity Factor

The capacity factor indicates how often a turbine operates at its maximum
capacity:

- For this turbine:

Maximum capacity = Total annual energy / (hours per year)

5 million KWh / (8,760 hours)

571.4 kW

n

If the turbine's rated capacity is approximately 600 kW, then:

Capacity factor = (Actual output) / (Rated capacity x hours in a year)

5 million Kwh / (600 kW x 8,760 hours)

95.4%

0

This high capacity factor suggests excellent wind conditions and efficient
turbine operation, but real-world factors typically reduce this to around
30-50%, implying either very favorable wind conditions or a conservative
estimate of the turbine's rated capacity.



Wind Site Considerations

Site selection is crucial:

- Wind speed averages

- Turbine siting to minimize turbulence

- Proximity to grid connection points

- Environmental and social considerations

Proper site assessment ensures the projected energy output aligns with real-
world conditions.

Environmental and Social Impacts

Beyond economics, wind turbines contribute significantly to decarbonization
efforts.

Environmental Benefits

- Zero emissions during operation
- Reduction of greenhouse gases compared to fossil fuels
- Minimal water usage

Potential Challenges

- Noise pollution
- Impact on bird and bat populations
- Visual landscape changes

Effective planning and technological advances aim to mitigate these issues.

Broader Implications for Corporate
Sustainability

For corporations aiming to meet sustainability targets and reduce carbon
footprints, investing in wind energy offers tangible advantages.



Corporate Social Responsibility (CSR)

- Demonstrates commitment to renewable energy
- Enhances corporate image
- Potential for branding and stakeholder engagement

Cost Savings and Energy Security

- Long-term energy cost stability
- Reduced exposure to fossil fuel market volatility
- Potential for energy independence

Strategic Considerations

- Integrating renewable energy into corporate portfolios
- Aligning with national and international climate goals
- Leveraging incentives and emerging technologies

Conclusion: Is This Wind Turbine a Viable
Investment?

Analyzing the case of a $3 million wind turbine delivering 5 million KWh
annually reveals a compelling case for investment, especially when
considering the low levelized cost of electricity (~4.2 cents per Kwh),
favorable payback periods, and environmental benefits.

Critical factors influencing success include:

- Accurate site assessment to ensure realistic energy output

- Effective utilization of incentives and tax credits

- Strategic integration within corporate sustainability frameworks
- Ongoing maintenance and technological optimization

While initial costs might seem substantial, the long-term economic and
environmental advantages position such projects as attractive options for
forward-looking companies and energy developers.

Final thoughts:
As technology advances and costs continue to decline, wind energy projects

with comparable or even lower capital costs can achieve greater efficiency
and profitability. This case exemplifies how carefully planned investments in



wind power can contribute meaningfully to a sustainable energy future,
balancing economic viability with environmental responsibility.

In summary, a $3 million wind turbine capable of producing 5 million KWh
annually exemplifies a promising intersection of affordability, efficiency,
and sustainability. With thoughtful planning, leveraging incentives, and
strategic site selection, such projects can significantly contribute to
corporate and societal goals of clean energy transition.
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