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Introduction

In the realm of power system engineering, understanding the cost dynamics of generating electricity is
fundamental to optimizing operations, minimizing expenses, and ensuring reliable supply. The fuel-cost
curve is a critical tool for engineers and operators, representing the relationship between the power
output of generators and their associated fuel costs. Specifically, in systems with multiple generators,
analyzing these cost curves becomes essential for effective load sharing, economic dispatch, and

overall system efficiency.

The given fuel-cost function for a two-generator power system is expressed as:
C(P) =600 + 15 P + 0.05 P?

where:

- C(P) is the total fuel cost in monetary units (e.g., dollars),

- P is the power output of a generator in megawatts (MW),

- The function encapsulates fixed costs, linear costs, and quadratic costs that reflect real-world

generator characteristics.



This article delves into the detailed analysis of this cost function, exploring its implications for system
operation, economic dispatch, and optimization strategies. We will examine how the cost varies with
power output, interpret the significance of each term, and discuss practical applications in power

system management.

Understanding the Fuel-cost Function

Mathematical Breakdown of C(P) = 600 + 15 P + 0.05 P?

The cost function comprises three main components:

1. Fixed Cost (600 units):
- Represents the base or no-load cost of operating the generator.
- This cost is incurred regardless of the power output, covering administrative expenses, startup costs,

or standby charges.

2. Linear Cost (15 P):
- Reflects the variable cost proportional to the power output.

- Typically associated with fuel consumption rates that increase linearly with load.

3. Quadratic Cost (0.05 P?):
- Represents the increasing marginal costs at higher power outputs, modeling inefficiencies or
nonlinear fuel consumption characteristics.

- Accounts for factors such as thermal limitations and generator nonlinearities.

This combination of fixed, linear, and quadratic terms provides a realistic approximation of generator

fuel costs, enabling accurate economic analysis.



Graphical Representation of the Cost Curve

Plotting C(P) against P produces a convex parabola opening upwards, indicating that costs increase at

an accelerating rate as power output rises. Key points include:

- The minimum point (optimal operating point) where the generator operates most economically.

- The cost at various load levels, aiding in load planning and dispatch decisions.

Understanding the shape of this curve is crucial for economic dispatch, as it influences how load is

allocated between multiple generators.

Analyzing the Cost Curve in Detalil

Finding the Minimum Cost Point

To determine the most economical power output for a single generator, differentiate C(P) with respect

to P and set the derivative to zero:
dC/dP =15+20.05P =0
Simplify:

15+01P=0

Solve for P:

0.1P=-15
P =-150



Since negative power output is physically meaningless in this context, this indicates the minimum cost
point occurs at P = 0. However, in practice, the generator will operate at a load where the marginal

cost equals the system’s marginal benefit, and actual constraints may prevent operation at P=0.
Alternatively, considering the system's operational constraints, the minimum point is at P = 0, indicating

that the cost function's minimum is at no load, which is practically not feasible. Therefore, real-world

operation involves balancing the cost with system demand and constraints.

Cost at Different Power Levels

Calculating the costs at various load levels provides insight into operational efficiency:

| Power Output (MW) | Cost, C(P) = 600 + 15 P + 0.05 P2 |

I | |
| 0] 600 |

| 50 | 600 + 1550 + 0.05502 = 600 + 750 + 125 = 1475 |
| 100 | 600 + 1500 + 500 = 2600 |
| 150 | 600 + 2250 + 1125 = 3975 |

This table demonstrates how costs escalate with increasing power output, emphasizing the importance

of optimal load sharing to minimize total costs.

Application in Economic Dispatch

Economic Dispatch Problem Overview

Economic dispatch involves determining the optimal power output levels of multiple generators to meet



system load at the minimum total fuel cost, respecting operational constraints. For a two-generator

system, this entails:
- Minimizing the total cost: C_total = C1(P1) + C2(P2)
- Subject to power balance: P1 + P2 = P_load

- And generator limits: P1_min [l P1 D P1_max, P2_min [l P2 D P2_max

Given the cost functions for each generator, the goal is to find P1 and P2 that satisfy these conditions

with minimal combined costs.

Implementing the Cost Function in Dispatch Calculations

For each generator, the cost function (like the one given) informs the marginal cost:
dC/dP =15+ 01 P

The generator with the lower marginal cost at a particular load should supply more power, aligning with

the principle of cost minimization.
Steps to perform economic dispatch:
1. Calculate the marginal costs for both generators at their current load levels.

2. Equalize the marginal costs where possible, subject to constraints.

3. Adjust P1 and P2 to meet total demand P_load.

Example Calculation

Suppose the total load is 200 MW, and the two generators have the same cost function and

operational limits. The dispatch involves:



- Calculating the marginal costs:
For generator 1 at P1:

MC1 =15+ 0.1 P1

For generator 2 at P2:

MC2 =15+ 0.1 P2

- Since both are identical, the minimum total cost occurs when P1 and P2 are proportional to their

capacity constraints, or equally sharing the load:

P1=P2 =100 MW

- Total cost:

C(100) = 600 + 15100 + 0.05100% = 600 + 1500 + 500 = 2600 units per generator
Total cost for both:

2 2600 = 5200 units

Optimizing further involves checking constraints and possibly adjusting P1 and P2 to minimize the

sum, considering incremental costs.

Implications for Power System Operation



Cost-efficient Generation Planning

Understanding the fuel-cost curve helps operators decide:
- Which generator to run at lower loads to minimize costs.

- How to schedule maintenance without disrupting cost-effective operations.

- When to bring additional generators online based on system demand.

Operational Constraints and Limitations

Real-world constraints such as generator capacity limits, ramp rates, and startup/shutdown costs must
be integrated into the cost analysis. The straightforward quadratic cost function provides a foundation,

but actual systems require more complex models.

Environmental and Economic Benefits

Minimizing fuel costs directly correlates with reducing operational expenses and environmental impacts

by:
- Lowering fuel consumption.

- Reducing emissions associated with higher fuel use.

- Promoting sustainable energy management practices.

Conclusion

The analysis of the fuel-cost curve C(P) = 600 + 15 P + 0.05 P? offers valuable insights into the

economic operation of a two-generator power system. Recognizing how costs vary with load enables



system operators to perform optimal economic dispatch, improve efficiency, and reduce operational
expenses. The convex nature of the cost curve underscores the importance of balancing load

distribution between generators, considering their individual characteristics and constraints.

By thoroughly understanding and applying these cost functions, power system engineers can enhance
system reliability, promote cost-effective operation, and contribute to sustainable energy management.
Future advancements may incorporate more sophisticated models, integrating environmental factors,
startup costs, and dynamic system conditions, further refining economic dispatch strategies and

operational planning.

Keywords: fuel-cost curve, economic dispatch, power system optimization, generator cost function,

load sharing, system efficiency, quadratic cost model, operational constraints, power generation costs

Frequently Asked Questions

What is the general form of the fuel-cost function for the two-
generator power system?

The fuel-cost function is given as C(P) = 600 + 15 P + 0.05, where P represents the power output.

How does the fuel-cost change with increasing power output in the
given function?

The fuel-cost increases linearly with P due to the term 15 P, and the constant term 600 accounts for

fixed costs; the small quadratic term 0.05 suggests slight non-linearity at higher P.



What is the significance of the coefficients in the fuel-cost function?

The coefficient 15 indicates the variable cost per unit power, while 600 represents fixed costs, and

0.05 reflects minor quadratic effects or additional costs at higher power levels.

Can the given fuel-cost function be used to optimize power distribution
between the two generators?

Yes, by analyzing the function and considering constraints, it can help determine the optimal power

split to minimize total fuel costs.

What are the potential limitations of using this fuel-cost curve for
real-world power system planning?

The function is simplified and may not account for factors like efficiency variations, operational

constraints, or non-linearities at very high or low power levels.

How can the fuel-cost function be integrated into a broader economic
dispatch problem?

It can be used as the objective function to minimize total fuel cost while satisfying demand and

generator constraints during economic dispatch calculations.

What impact does the quadratic term (0.05 PA2) have on the fuel-
cost curve's shape?

It introduces slight non-linearity, causing the marginal cost to increase gradually with P, reflecting

increasing operational costs at higher outputs.

Is the given fuel-cost function suitable for modeling both generators or



just one?

The function appears to represent the combined fuel cost for the system; separate functions would be

required for individual generator modeling.

How would increasing the fixed cost term (currently 600) affect
system operation?

Higher fixed costs would incentivize operating the system at higher loads to amortize fixed costs over

larger P, potentially affecting economic dispatch strategies.

What is the importance of understanding the fuel-cost curves in power
system operation?

They are crucial for optimizing generator scheduling, minimizing operational costs, and ensuring

efficient and economical power delivery.

Additional Resources

Fuel-cost Curves for a Two-generator Power System: An In-Depth Analysis

Introduction

Fuel-cost curves are fundamental tools in electrical power system analysis, offering vital insights into
how fuel expenses vary with power output. For power systems that employ multiple generators,
understanding these curves becomes even more critical, as it directly influences operational efficiency,
cost optimization, and strategic planning. In this article, we explore the specifics of a two-generator
power system with a given fuel-cost function:

\[ C(P) =600 + 15 P + 0.05 P2 \]

where \( P \) denotes the power output in megawatts (MW), and \( C(P) \) signifies the associated fuel

cost in monetary units.



We will delve into the theoretical underpinnings of fuel-cost curves, analyze the implications of the
given quadratic form, and examine how such models influence system operation, economic dispatch,
and overall efficiency. This comprehensive review aims to provide clarity on the modeling,

interpretation, and application of fuel-cost curves in multi-generator systems.

Understanding Fuel-Cost Curves in Power Systems

What Are Fuel-Cost Curves?

Fuel-cost curves graphically represent the relationship between the amount of power generated and

the cost incurred primarily due to fuel consumption. They serve as essential tools for:
- Economic Dispatch: Determining the most cost-effective way to meet load demands.
- Generator Scheduling: Deciding which generator(s) should operate at a given load.

- Operational Planning: Assessing the efficiency and viability of different generation levels.

The curves are typically derived from empirical data or manufacturer specifications, often modeled

mathematically for analysis and simulation.

Significance in Multi-Generator Systems

In systems with multiple generators, the fuel-cost curves help in:

- Priority Setting: Identifying the least-cost generator for incremental power.

- Load Sharing: Distributing load based on operational costs.

- Cost Optimization: Minimizing overall fuel costs while satisfying system constraints.

This becomes especially important when generators have different efficiency profiles, fuel types, or

operational constraints.



Analyzing the Given Fuel-Cost Function

The provided fuel-cost function is:

\[ C(P) =600 + 15 P + 0.05 P2 \]

where:

-\( C(P) \): Total fuel cost in monetary units.

-\( P \): Power output in MW.

Breakdown of the Function Components

1. Fixed Cost (\( 600 \)):
- Represents the baseline or start-up costs, independent of power output.

- Could include startup fuel, maintenance, or other fixed expenses.

2. Linear Cost Term (\( 15 P \)):
- Indicates that each additional MW of power consumes fuel at a rate contributing 15 units to the cost.

- Reflects the marginal cost of fuel per unit of power at low to moderate outputs.

3. Quadratic Cost Term (\( 0.05 P2 \)):

- Represents the nonlinear increase in fuel consumption at higher power levels.

- Captures efficiency losses or increased fuel consumption due to generator limitations or

thermodynamic inefficiencies as output approaches capacity.

Implications of the Quadratic Nature

The quadratic term makes the cost function convex, implying:



- Increasing Marginal Costs: The cost per additional unit of power increases with \( P \).
- Operational Constraints: High output levels become progressively more expensive, discouraging over-

utilization.

This form aligns with real-world observations where generator efficiency diminishes at higher loads,

and additional fuel costs escalate more rapidly at elevated outputs.

Application in Two-Generator System Optimization

Concept of Economic Dispatch

In a two-generator system, the goal is to allocate the total load \( P_{load} \) optimally between the two

generators to minimize total fuel costs. The process involves:

- Calculating individual fuel-cost curves for each generator.

- Determining the incremental cost (marginal cost) for each generator at different power levels.

- Equalizing marginal costs to find the most economical distribution of the load.

Marginal Cost Calculation

For the given function:

\[ C(P) = 600 + 15 P + 0.05 PA2 \]

The marginal cost \( MC(P) \) is the derivative:

\[ MC(P) = \frac{dC}{dP} = 15 + 0.10 P \]

This linear relation indicates that the marginal cost increases uniformly with power output.



Operational Strategy
- For each generator, identify the power output where \( MC \) is minimized.
- Distribute the load such that the marginal costs for both generators are equal.

- Adjust the outputs accordingly to satisfy the total demand.

This process ensures cost-effective operation, leveraging the generator with the lowest marginal cost

at each load level.

System Constraints and Practical Considerations

Generator Limits

- Capacity Constraints: Each generator has maximum and minimum output limits, which must be

respected.

- Ramp Rates: The speed at which generators can change output may restrict flexibility.

- Operational Constraints: Factors such as maintenance schedules or fuel availability.

System Reliability and Stability

- Maintaining system stability might necessitate operating generators outside the most economical

point temporarily.

- Balancing cost efficiency with reliability and contingency considerations.

Implications for Power System Planning

Cost Optimization Strategies



- Unit Commitment: Deciding which generators to turn on/off based on their fuel-cost characteristics.

- Economic Dispatch Algorithms: Using the quadratic cost function to develop algorithms that minimize

total costs.

Investment Decisions

- Analyzing whether upgrades or new generators with better efficiency profiles could reduce overall fuel

costs.

- Considering fuel price fluctuations and their impact on the cost curve.

Environmental and Policy Impacts

- Higher costs at increased outputs may correlate with higher emissions.

- Incorporating environmental constraints into the cost model for sustainable operation.

Visualization and Practical Examples

Graphical Representation

Plotting the fuel-cost curve \( C(P) \) for a generator reveals:

- A convex curve starting at \( 600 \) units.

- The cost increases more steeply at higher \( P \), emphasizing the importance of load sharing.

Sample Calculations

Suppose the total load \( P_{load} \) is 100 MW. The steps to allocate this load between two

generators with identical cost functions include:



1. Calculate Marginal Costs:

[ MC(P) = 15+ 0.10 P \]

2. Equalize Marginal Costs:

For generator 1 at \( P_1\), and generator 2 at \( P_2 \):

\[ MC(P_1) = MC(P_2) \]

\[15+0.10 P_1=15+0.10 P_2 \]

[P 1=P 2}

3. Distribute Load:

\[P_1+ P_2 =100 \Rightarrow P_1 = P_2 = 50 \text{ MW} \]

4. Calculate Total Cost:

\[ C(50) = 600 + 15 \times 50 + 0.05 \times (50)"2 \]

\[ C(50) = 600 + 750 + 0.05 \times 2500 \]

\[ C(50) = 600 + 750 + 125 = 1475 \]

- Total cost for both generators would be \( 2 \times 1475 = 2950 \).

This simplified example illustrates how the cost function guides load sharing decisions.



Advanced Topics and Future Directions

Incorporating Nonlinear and Dynamic Factors

- Real-world systems may include generator startup/shutdown costs, variable fuel prices, or efficiency
curves.

- Dynamic models can account for transient states, load variations, and maintenance schedules.

Integration with Renewable Resources

- The variability and intermittency of renewable sources influence the economic dispatch.

- Fuel-cost curves must be integrated with renewable generation forecasts for comprehensive planning.

Use of Optimization Algorithms

- Linear programming, quadratic programming, and heuristic algorithms are employed to solve complex
dispatch problems.

- Modern systems leverage machine learning and real-time data for adaptive decision-making.

Conclusion

The fuel-cost curve \( C(P) = 600 + 15 P + 0.05 P*2\) offers a nuanced view of how fuel expenses
evolve with generator output, capturing the nonlinearities inherent in real-world operations. In a two-
generator system, understanding and applying this quadratic cost model ensures economically optimal
operation, balancing fuel costs, operational constraints, and system reliability. As power systems
evolve with increasing integration of renewable energy and smart grid technologies, these foundational

principles remain vital in achieving efficient, sustainable, and cost-effective electricity generation.

By analyzing the shape and implications of such fuel-cost curves, system operators and planners can



make informed decisions that optimize costs, improve efficiency, and meet the growing demands of

modern electricity consumers.
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