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Introduction 

 

 

 

 

The energy sector is undergoing a profound transformation, driven by the need for sustainable and cost-effective 

power generation. A key metric used to assess the economic viability of different energy technologies is the Levelized 

Cost of Energy (LCOE). This white paper provides a comprehensive overview of LCOE; exploring its definition, the cost 

versus value debate, and a comparison between LCOE and the delivered cost of energy. By understanding these 

concepts, stakeholders can make informed decisions regarding energy investments and policies. 

Definition 

The Levelized Cost of Energy (LCOE) is a measure used to assess the average total cost of building and operating a 

power-generating asset over its entire lifecycle, divided by the total energy output it produces. It is typically expressed 

in terms of cost per megawatt-hour (MWh) or kilowatt-hour (kWh). LCOE attempts to provide a uniform metric that 

allows for comparisons across various energy sources, such as wind, solar, coal, natural gas, geothermal, and nuclear. 

The formula for calculating LCOE using Net Present Value (NPV) is: 

𝐿𝐶𝑂𝐸 =
𝑁𝑃𝑉 𝑜𝑓 ∑ 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 𝑎𝑛𝑑 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠

𝑁𝑃𝑉 𝑜𝑓 ∑ 𝑡𝑜𝑡𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑  
 

The numerator includes all capital expenditures (CapEx), operational expenditures (OpEx), fuel costs (if applicable), 

maintenance costs, and decommissioning expenses. The denominator is the total energy output over the project’s 

lifetime, which is calculated including the performance degradation and capacity factor of the asset. 

Factors Affecting LCOE 

1. Capital Expenditure (CapEx): This refers to the upfront investment required to build the energy project, 

including equipment, land acquisition, and construction. 

2. Operational Expenditure (OpEx): These are the ongoing costs of running the project, including labor, 

maintenance, and repairs. 

3. Fuel Costs: For non-renewable sources like natural gas or coal, fuel costs are a significant component of 

LCOE. Renewable sources, such as wind, solar, and geothermal, do not incur fuel costs but may have a higher 

upfront CapEx. 

4. Discount Rate: LCOE calculations are sensitive to the discount rate, which reflects the interest rate used to 

determine the present value of future cash flows. A lower discount rate decreases LCOE, while a higher one 

increases it. 

5. Capacity Factor: This is the ratio of actual energy produced to the maximum possible energy that could be 

produced. It accounts for downtime due to maintenance, repairs, and other factors. A higher capacity factor 

generally leads to a lower LCOE for that asset. The capacity factor is usually expressed as a percentage. 
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Cost vs. Value 

 

While LCOE is a useful tool for comparing different energy technologies, it primarily focuses on costs without 

considering the value of the energy produced. The value of electricity can vary significantly depending on several 

factors, including time of day, location, and reliability. For instance, solar power is often cheaper in terms of LCOE, but 

its value diminishes when electricity demand is lowest during the middle of the day when solar radiation peaks. This 

results in either negative pricing, allowing developers to claim tax credits for production, or curtailment. Conversely, 

geothermal may have a higher LCOE but it provides more reliable energy during peak periods, offering greater value to 

the grid. 

Value Factors (Not Captured in LCOE) 

• Time of Production: The timing of energy generation plays a crucial role in its value. Energy produced during 

peak demand periods, such as evenings or during extreme weather, is more valuable than energy generated 

during off-peak hours. Renewable energy sources, like solar and wind, may have a lower LCOE but generate 

power when demand is not at its highest, reducing the value of that electricity. 

• Grid Reliability: The ability of a power source to provide consistent and reliable energy adds significant value to 

the grid. For instance, baseload power from geothermal is valued higher for its reliability, whereas intermittent 

sources like wind and solar require backup systems or storage, which may increase costs and lower their 

relative value. 

• Location and Transmission Costs: Energy produced far from consumption centers incurs additional 

transmission costs, which can offset the lower LCOE of renewable sources like offshore wind farms, leading to 

a higher overall price. Localized power generation, even with a higher LCOE, can provide more value by 

reducing transmission losses and infrastructure costs. 

 

 

LCOE vs. Delivered Cost of Energy 

 

While LCOE is a helpful metric for comparing the cost of different energy sources on a level playing field, it does not 

always reflect the delivered cost of energy. The delivered cost, or the cost the consumer sees on their utility bill, 

considers the additional expenses required to transport and deliver electricity to end users, taking into account factors 

like transmission infrastructure, distribution networks, and energy losses along the way. 

Key Differences 

1. LCOE is a Pre-Transmission Metric: LCOE measures the cost to produce energy at the generation site but 

does not account for what happens after energy is generated. It ignores transmission and distribution (T&D) 

costs, which can be substantial, especially for remote generation facilities. 

2. Transmission and Distribution Costs: This metric factors in additional expenses needed to move electricity 

from the point of generation to the point of consumption. Transmission line construction, grid maintenance, and 

energy storage all increase the final cost of energy delivered to consumers. For instance, while a wind farm 

might have a low LCOE, if it is located far from urban centers, the delivered cost of energy may be significantly 

higher. 
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3. Integration Costs for Intermittent Renewables: Solar and wind power generally have a lower LCOE but 

require additional costs to integrate with the electrical grid due to their variability. Backup generation or energy 

storage, like batteries or pumped hydro, may be required to smooth out energy supply, effectively raising the 

delivered cost compared to the LCOE. 

4. Grid Adaptation Costs: For some renewable energy sources, significant grid upgrades are needed to 

accommodate their generation profiles. The costs of modernizing the grid, building energy storage, or 

constructing new transmission lines to connect wind and solar farms to cities are crucial components of the 

delivered cost that LCOE calculations often overlook. 

 

 

Conclusion 

 

The Levelized Cost of Energy (LCOE) is a fundamental metric for evaluating and comparing the cost-effectiveness of 

various energy generation technologies. However, while LCOE provides insights into the cost structure of energy 

production, it does not capture the full picture. The value of the electricity produced, influenced by factors like timing, 

reliability, and location, must also be considered, along with the cost to deliver energy, which incorporates 

transmission, integration, and grid adaptation expenses. 

To make well-rounded energy investment and policy decisions, LCOE should be used in conjunction with other metrics 

that reflect the real-world complexities of delivering reliable, affordable, and sustainable power to consumers. 

Understanding the trade-offs between cost and value, as well as the differences between LCOE and delivered costs, 

are key to building an efficient and resilient energy system. 


