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UPCOMING TRAINING

Half-day, Morning Sessions

• Dec. 2:  Introduction to the Electricity Sector
• Dec. 3:  Power System Fundamentals
• Dec. 9:  Electricity Markets
• Dec. 10: Regulatory and Business Context

• Dec. 2: Trump Electricity Policy Update, 2 pm
• Dec. 9: Quiz Bowl, 4 pm

2

Training schedule and slides available at 
https://www.independentelectricityconsultants.com/training-presentations 

Gatineau & Virtual

https://www.independentelectricityconsultants.com/training-presentations
https://www.independentelectricityconsultants.com/training-presentations
https://www.independentelectricityconsultants.com/training-presentations
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MAJOR THEMES 

Optimization is prevalent in the 
electricity sector and in all 
economic sectors

Optimization algorithms set prices 
in multiple electricity markets

Large-scale optimization problems 
can be solved on personal 
computers

Framing situations as optimization 
problems, even if not solved 
quantitatively, is extremely useful

KEY CONCEPTS

Maximization

Minimization

Categories of optimization 
problems

Resource constraints

Shadow prices

Sensitivity analysis

Algorithms 

© Frank A. Felder, Ph.D. 4
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SEMINAR AGENDA

9:30-9:40 Introduction, Logistics, Course 
Overview

9:40-10:10 Introduction to Optimization

10:10-11:00 Economic Dispatch Case 
Study

11:00-11:15 Break

11:15-12:00 Data Center Case Study

12:00-12:25 Additional Electric Sector 
Optimization Applications

12:25 to 12:30 Q&A

© Frank A. Felder, Ph.D. 5

Send an email to 
frankafelder@independentelectricity
consultants.com to request a letter 
of attendance for professional 
education requirements

Ask questions or comment at 
anytime during the session and feel 
free to contact me at anytime if you 
would like more information or 
discussion.

Connect with me on LinkedIn: 
https://www.linkedin.com/in/frank-
felder-8766976/ 

mailto:frankafelder@independentelectricityconsultants.com
mailto:frankafelder@independentelectricityconsultants.com
https://www.linkedin.com/in/frank-felder-8766976/
https://www.linkedin.com/in/frank-felder-8766976/
https://www.linkedin.com/in/frank-felder-8766976/
https://www.linkedin.com/in/frank-felder-8766976/
https://www.linkedin.com/in/frank-felder-8766976/
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OPTIMIZATION IN EVERYDAY LIFE

© Frank A. Felder, Ph.D. 6
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OPTIMIZATION IN EVERYDAY LIFE

© Frank A. Felder, Ph.D. 7



Public

POWER SYSTEM OPTIMIZATION IN THE NEWS

© Frank A. Felder, Ph.D. 8

https://www.powermag.com/blog/its-time-for-utilities-to-back-smart-
grid-optimization-with-the-right-tech/

https://www.energy.gov/eere/water/articles/new-research-helps-
optimize-hydropower-energy-and-environment

https://www.spglobal.com/marketintelligence/e
n/news-insights/latest-news-headlines/digital-
power-optimization-plans-100-mw-of-behind-
the-meter-datacenters-in-texas-80025625
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1. Introduction to Optimization
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CLASSIFICATION OF OPTIMIZATION PROBLEMS

© Frank A. Felder, Ph.D. 10

Linear vs non-linear

Convex vs non-convex

Unconstrained vs constrained

Continuous vs discrete

Static vs dynamic

Deterministic vs stochastic

Single objective vs multiple objective
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THE STRUCTURE OF OPTIMIZATION PROBLEMS

© Frank A. Felder, Ph.D. 11

Objective function: what is to be maximized or minimized

 Maximize profit
 Minimize cost

Decision variables: the decisions or choices that the decision maker can make

 Output of a generation unit
 Build a new generation unit
 Retire an existing generation unit
 Charge or discharge a battery

Constraints: limits on the decision variables
 
 Maximum output of a generation unit
 Maximum flow on a transmission line

Parameters: fixed numerical values that affect the objective function and constraints

 Generation variable costs
 Size of an energy storage unit
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TYPES OF CONSTRAINTS IN POWER SYSTEMS

Technical & Policy Constraints

• Generation

• Transmission

• Supply/demand

• Reliability

• Air emissions

Mathematical Constraints

• Equality, e.g., supply = 
demand 

• Inequality, e.g., generation 
operation

• Non-negativity, e.g., 
minimum generation

© Frank A. Felder, Ph.D. 12
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SOME ADDITIONAL TERMINOLOGY

© Frank A. Felder, Ph.D. 13

• Optimal value – the minimum or maximum of the objective function over 
all feasible points

• Feasible points – any potential solutions that satisfy all of the constraints

• Solution – the values of the decision variables that minimize or maximize 
the objective function

• Active or binding constraint – a constraint that is limiting one or more of 
the decision variables

• Locally optimal – an optimal solution in a smaller set of feasible points

• Globally optimal - an optimal solution over the entire set of feasible points

• Unique solution – the only optimal solution
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SOLVING OPTIMIZATION PROBLEMS

© Frank A. Felder, Ph.D. 14

• For many problems, off the shelf software packages with well-
known algorithms can be used

• Standard computer software and languages have extensive 
optimization capabilities and packages (even Excel to a limited 
degree)

• Types of solution methods (algorithms)

– Simulation – calculate many decision variables and pick the best one from the 
simulated sample (what if, heuristics)

– Enumeration (“brute force”) – calculate all possible decisions and select the 
best one

– Greedy algorithm – take first best choice, then second, …

– Specific solutions for specific types of problems, e.g., linear programing for 
linear optimization problems (may have to set tolerance levels, penalty terms, 
and time limits depending on the algorithm)
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SOLVING OPTIMIZATION PROBLEMS, con’t

© Frank A. Felder, Ph.D. 15

• Start small and simple

• Spend time getting a solid, clean data set

• Test for solvability

– Depending on the algorithm, may need to set various “tuning factors”

• Conduct extensive sensitivity analyses to try to “break the model”

• Add more complexity

• Repeat
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SIMPLIFIED GEOMETRY OF OPTIMIZATION

© Frank A. Felder, Ph.D. 16
http://d2l.ai/chapter_optimization/optimization-intro.html

How do the first and second order conditions inform whether you are at a minimum,
maximum, or inflection point?
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SIMPLIFIED GEOMETRY OF OPTIMIZATION – 
LINEAR PROGRM (LP)

© Frank A. Felder, Ph.D. 17
https://www.britannica.com/science/optimization
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ECONOMIC DISPATCH

Words 

• Minimize the cost of dispatching 
generation units subject to

• Supply equals demand

• Generation units are operated 
within their minimum and 
maximum capacities

Symbols

• Min cTx = c1x1 +c2x2+…+cnxn

subject to

• σ 𝑥𝑖 = x1 +x2+…+xn = D

• 0 < xi < Gi

• the parameter ci is the variable cost of 
generation unit i

• the parameter D is total demand
• the decision variable xi is the output of 

unit i
• the parameter Gi is the maximum 

capacity of generation unit I
• x* indicates the optimal solution
• f*(x*) indicates the optimal value of 

the objective function

© Frank A. Felder, Ph.D. 18
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SOME GENERAL RESULTS

© Frank A. Felder, Ph.D. 19

• All minimization problems can be converted to maximization 
problems by multiplying the objective function by a negative sign

• Adding a constraint to an optimization problem never improves 
the answer

– At best it does not affect the answer
– At worst it makes the answer less optimal than without the 

constraint
– Similarly, tightening a constraint never improves the answer
– What happens when you add more decision variables?

• Analysis is “on the margin”

• If there is sufficient competition, minimizing total cost is the same 
as maximizing generator profits



Public

2. Economic Dispatch Case Study
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ECONOMIC DISPATCH

Picture Symbols

• Min cTx = c1x1 +c2x2+…+cnxn

subject to

• σ𝑥𝑖 = x1 +x2+…+xn = Demand

• 0 < xi < Gi

• where the parameter ci is the 
variable cost of generation unit i

• where the parameter Gi is the 
maximum capacity of 
generation unit I

• where the decision variable xi is 
the output of unit i

© Frank A. Felder, Ph.D. 21

Generation unit’s offer
$/MWh

Generation unit’s size, MW
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ECONOMIC DISPATCH NO TRANSMISSION 
CONSTRAINTS

Picture What is missing?

• Generation ramping 
constraints

• Generation startup and 
shutdown constraints

• Generation minimum 
downtime and runtime 
constraints

• Transmission constraints

© Frank A. Felder, Ph.D. 22

Generation unit’s offer
$/MWh

Generation unit’s size, MW
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ECONOMIC DISPATCH NO TRANSMISSION 
CONSTRAINTS

ciGi
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EXCEL SOLVER: SUFFICIENT SUPPLY TO MEET 
DEMAND

Gi ci xi
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SENSITIVITY ANALYSIS 

Microsoft Excel 16.88 Sensitivity Report

Worksheet: [Fundamentals of Pwr Sys Opt.xlsx]Economic Dispatch 
Infinite Bus

Report Created: 9/15/24 8:29:05 AM

Variable Cells

Final Reduced Objective Allowable Allowable

Cell Name Value Cost Coefficient Increase Decrease

$D$22 A Output 0 40 72 1E+30 40

$D$23 B Output 150 0 32 3 4

$D$24 C Output 800 -22 10 22 1E+30

$D$25 D Output 0 5 37 1E+30 5

$D$26 E Output 0 28 60 1E+30 28

$D$27 F Output 450 -4 28 4 1E+30

$D$28 G Output 600 -17 15 17 1E+30

$D$29 H Output 0 33 65 1E+30 33

$D$30 I Output 500 -12 20 12 1E+30

$D$31 J Output 0 10 42 1E+30 10

$D$32 K Output 0 3 35 1E+30 3

$D$33 L Output 0 8 40 1E+30 8

Constraints

Final Shadow Constraint Allowable Allowable

Cell Name Value Price R.H. Side Increase Decrease

$D$34 Output 2500 32 2500 250 150

Generation Size (MW) Offer ($/MWh) Output Cost

A 50 72 0
$                              

-   

B 400 32 150 $                    4,800 

C 800 10 800 $                    8,000 

D 300 37 0
$                              

-   

E 50 60 0
$                              

-   

F 450 28 450 $                 12,600 

G 600 15 600 $                    9,000 

H 50 65 0
$                              

-   

I 500 20 500 $                 10,000 

J 250 42 0
$                              

-   

K 400 35 0
$                              

-   

L 250 40 0
$                              

-   

2500 $                 44,400 

Demand 2500

Shadow price: change in the optimal value of the objective function for a 1 unit change in a constraint
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ECONOMIC DISPATCH NO TRANSMISSION 
CONSTRAINTS WITH CO2 PRICE

How would you incorporate a CO2 emission allowance cost?
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ECONOMIC DISPATCH NO TRANSMISSION 
CONSTRAINTS WITH CO2 CAP

How would you incorporate a CO2 emission cap?
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EXCEL SOLVER: DEMAND EXCEEDS SUPPLY
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EXCEL SOLVER: DEMAND EXCEEDS SUPPLY, 
VALUE OF LOST LOAD
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VALUE OF LOST LOAD (VOLL)
Definition
The Value of Lost Load (VOLL) is an indicator of the economic value that 
consumers place on the energy not served in case of a supply disruption, 
e.g. an electricity outage (blackout). VOLL is broadly used by industry and 
regulators for benchmarking the operating conditions of an energy system.

Interpretations
• Literal cost to consumers
• An oversimplification of individual consumer demand curves
• An approximate value used for planning purposes

Ways to Measure VOLL
• Surveys
• Costs of behaviors in response to actual or anticipated power outages
• Macroeconomic studies
• Estimates of cost of lost production

© Frank A. Felder, Ph.D. 30
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EXCEL SOLVER: DEMAND RESPONSE
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ECONOMIC DISPATCH WITH TRANSMISSION 
CONSTRAINTS

Picture 
Generation and Transmission 
Assumptions

© Frank A. Felder, Ph.D. 32

NOD
E

Node A

Node B

G1

G2

G3

G4

Generation, 
Transmission, Load

Assumption

G1 Offer $10/MWH
100 MW

G2 Offer $20/MWH
100 MW

G3 Offer $30/MWH
100 MW

G4 Offer $40/MWH
100 MW

Transmission Line 200 MW

Load 250 MW



Public

ECONOMIC DISPATCH WITH TRANSMISSION 
CONSTRAINTS - SOLUTION

Picture Generation and Transmission 
Assumptions

© Frank A. Felder, Ph.D. 33

NOD
E

Node A

Node B

G1 = 100 MW

G2 = 100 MW

G3 = 0 MW

G4 = 50 MW

Generation, 
Transmission, Load

Assumption

G1 Offer $10/MWH
100 MW

G2 Offer $20/MWH
100 MW

G3 Offer $30/MWH
100 MW

G4 Offer $40/MWH
100 MW

Transmission Line 
Constraint

200 MW

Load 250 MW

Total cost = $10*100 + $20* 100 + $40*50 = $5000

200 MW200 
MW
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ECONOMIC DISPATCH LOOP FLOW PROBLEM

© Frank A. Felder, Ph.D. 34

No Transmission Constraints

3 Bus Example
Lines have identical 
impedances
No transmission losses

What is the least-cost dispatch?
Without any
transmission constraint?

=> Solution
G1:  Dispatched 0 MW
G2:  Dispatched 150 MW

G1 Max Output = 

90 MW at $50/MWh

G2 Max Output

= 150 MW

at $30/MWh

Load= 

150 MW
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ECONOMIC DISPATCH LOOP FLOW PROBLEM

© Frank A. Felder, Ph.D. 35

Transmission Constraint

3 Bus Example
Lines have identical 
impedances
No transmission losses

What is the least-cost 
dispatch?

With a 90 MW 
transmission constraint

G1 = 90 MW capacity at $50/MWh

G2 = 150 MW 

capacity

at $30/MWh

Load= 

150 MW

90 MW Limit
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ECONOMIC DISPATCH LOOP FLOW EQUATIONS

© Frank A. Felder, Ph.D. 36

Min 50G1 + 30G2

Subject to

G1 + G2 = 150

1/3G1 + 2/3G2 < 90

G1 < 90

G2 < 150

G1 , G2 > 0

G1 = 90 MW max capacity at $50/MWh

G2 = 150 max  

Capacity MW

At  $30/MWh

L= 150 MW

90 MW Limit

1/3 G1=10 MW

1/3 G1

1/3 G2

2/3 G2=80 MW

2/3 G1
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EXCEL SOLVER, 3 BUS LOOP FLOW
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EXCEL SOLVER, 3 BUS, TRANSMISSION 
EXPANSION

How much should society be willing to pay for 
transmission that eliminates the binding 

transmission constraint?
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EXCEL SOLVER, 5 BUS & DEMAND BIDS

Rau, 2003, p. 95

SF =
Shift
Factors
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UNIT COMMITMENT

© Frank A. Felder, Ph.D. 40

Unit Commitment:  Minimize start-
up, no-load, and running costs  
subject to meeting load reliably & 
the constraints of generation units 
(size, start-up time, ramp rates, 
min. run times, min. down times, 
etc.) over 24 hours.
The solution to this optimization is 
not only the output level of 
individual generation units but 
which units to commit.

Dispatch:  Minimize no-load and 
running costs subject to meeting load 
reliably & the constraints of the 
generation units (size and ramp 
rates) over 5 minutes.
The solution to this optimization 
problem is the output level of 
individual generation units; solved 
every 5 minutes.

Time

Load

Unit 1

Unit 2

Unit 3

24 hours

Note: Unit commitment is much more
complicated than dispatching and requires
a more sophisticated algorithm and longer
run time.
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UNIT COMMITMENT NO TRANSMISSION 
CONSTRAINTS

Picture What is missing?

• Generation ramping 
constraints

• Generation startup and 
shutdown constraints

• Generation minimum 
downtime and runtime 
constraints

• Transmission constraints

© Frank A. Felder, Ph.D. 41
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SECURITY CONSTRAINED ECONOMIC 
DISPATCH AND UNIT COMMITMENT

Security constrained means 
that the failure of any one 
generation or transmission 
component will not result in 
the disconnection of firm load

N-1 security constraint

SCED and SCUC are the 
economic dispatch and the 
unit commitment problems 
with the added constraints to 
the problem to implement N-1

© Frank A. Felder, Ph.D. 42

Hajiesmaili, Mohammad H., Desmond Cai, and 

Enrique Mallada. "Understanding the inefficiency 

of security-constrained economic dispatch." 2017 

IEEE 56th Annual Conference on Decision and 

Control (CDC). IEEE, 2017.
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3. Data Center Case Study
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© Frank A. Felder, Ph.D. 44
https://www.datacenterdynamics.com/en/news/google-and-microsoft-back-247-carbon-free-energy-marketplace/

Recall that that the
impact of GHG gases
depends on the 
cumulative
emissions, not when 
they are emitted 
(subject to some mild
caveats).

What does this fact 
suggest about 
carbon-free hourly
matching?
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DATA CENTER CASE STUDY - MOTIVATION

© Frank A. Felder, Ph.D. 45https://www.google.com/about/datacenters/cleanenergy/
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DATA CENTER CASE STUDY - MOTIVATION

© Frank A. Felder, Ph.D. 46

https://www.gstatic.com/gumdrop/sustainability/247-carbon-free-energy.pdf
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DATA CENTER CASE STUDY - MOTIVATION

© Frank A. Felder, Ph.D. 47

https://www.gstatic.com/gumdrop/sustainability/247-carbon-free-energy.pdf
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DATA CENTER CASE STUDY - MOTIVATION

© Frank A. Felder, Ph.D. 48

Brown, Tom and Iegor Riepin, Modeling 24/7 Carbon-Free Procurement in Europe, TU Berlin 
presentation, June 15, 2022, p.2

Why not just purchase CO2 emission allowances?

https://nworbmot.org/energy/brown-eurelectric.pdf
https://nworbmot.org/energy/brown-eurelectric.pdf
https://nworbmot.org/energy/brown-eurelectric.pdf
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DATA CENTER CASE STUDY – PROBLEM 
FORMULATION

Assume you have been asked to design a 24/7 carbon-free 
supply portfolio for a 100 MW data center and formulate this as 
an optimization problem.

• What are possible objective functions?

• What are the possible decision variables?

• What are the constraints on each decision variable?

• What data would you need to conduct your analysis?

© Frank A. Felder, Ph.D. 49



Public

DATA CENTER CASE STUDY – BOUNDARY 
ISSUES

Assume you have been asked to design a 24/7 carbon-free 
supply portfolio for a 100 MW data center and formulate this as 
an optimization problem.

• What is meant by the 100 MW data center
• Electricity to run the data center during operations, maintenance, 

construction, decommissioning
• Electricity for ancillary services, such as office space, parking lot 

lighting, etc.
• Electricity on the grid or delivered to the data center
• Equipment life cycle emissions
• Emissions associated with employee and vendor transportation?

=> Need to precisely define the problem’s boundaries

© Frank A. Felder, Ph.D. 50
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DATA CENTER CASE STUDY – OBJECTIVE 
FUNCTION

Assume you have been asked to design a 24/7 carbon-free 
supply portfolio for a 100 MW data center and formulate this as 
an optimization problem.

Under what assumptions does the Brookfield profit maximizing 
objective function provide the same answer as the Brookfield 
cost minimization objective function?

What is the Data Center’s objective function? When does it 
coincide with Brookfield’s objective function?

© Frank A. Felder, Ph.D. 51
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DATA CENTER CASE STUDY – OBJECTIVE 
FUNCTION

Assume you have been asked to design a 24/7 carbon-free 
supply portfolio for a 100 MW data center and formulate this as 
an optimization problem.

• TO BE COMPLETED BY PARTICIPANTS

© Frank A. Felder, Ph.D. 52
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DATA CENTER CASE STUDY – DECISION 
VARIABLES

Assume you have been asked to design a 24/7 carbon-free 
supply portfolio for a 100 MW data center and formulate this as 
an optimization problem.

• TO BE COMPLETED BY PARTICIPANTS

© Frank A. Felder, Ph.D. 53
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DATA CENTER CASE STUDY – OPTION TO 
DISPATCH THE DATA CENTER

© Frank A. Felder, Ph.D. 54

https://www.gstatic.com/gumdrop/sustainability/247-carbon-free-energy.pdf
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DATA CENTER CASE STUDY – CONSTRAINTS

Assume you have been asked to design a 24/7 carbon-free 
supply portfolio for a 100 MW data center and formulate this as 
an optimization problem.

• TO BE COMPLETED BY PARTICIPANTS

© Frank A. Felder, Ph.D. 55



Public

DATA CENTER CASE STUDY – PROBLEM 
FORMULATION

Assume you have been asked to design a 24/7 carbon-free supply portfolio 
for a 100 MW data center and formulate this as an optimization problem.

Objective function: 

min cost of self-generation + energy storage + market purchases/sales + 
data center data processing load

Constraints: 
hourly data center demand = hourly CFE self-supply + market purchases – 
sales 

self-generation is feasible

energy storage charging & discharging feasible

non-negativity constraints   
   

© Frank A. Felder, Ph.D. 56
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DATA CENTER CASE STUDY – RESULTS

© Frank A. Felder, Ph.D. 57

Brown, Tom and Iegor Riepin, Modeling 24/7 Carbon-Free Procurement in 
Europe, TU Berlin presentation, June 15, 2022

NOTE: CFE = carbon free electricity

https://nworbmot.org/energy/brown-eurelectric.pdf
https://nworbmot.org/energy/brown-eurelectric.pdf
https://nworbmot.org/energy/brown-eurelectric.pdf
https://nworbmot.org/energy/brown-eurelectric.pdf
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DATA CENTER CASE STUDY – RESULTS WITH 
LONG DURATION ENERGY STORAGE

© Frank A. Felder, Ph.D. 58

Brown, Tom and Iegor Riepin, Modeling 24/7 Carbon-Free Procurement in 
Europe, TU Berlin presentation, June 15, 2022

https://nworbmot.org/energy/brown-eurelectric.pdf
https://nworbmot.org/energy/brown-eurelectric.pdf
https://nworbmot.org/energy/brown-eurelectric.pdf
https://nworbmot.org/energy/brown-eurelectric.pdf
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DATA CENTER CASE STUDY – VERIFICATION & 
VALIDATION

• Verification – making sure the model is doing what is intended

• Validation – making sure the model model matches the 
phenomenon being modeled

© Frank A. Felder, Ph.D. 59
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4. Additional Electric Sector 

Optimization Applications
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ELECTRIC SECTOR OPTIMIZATION APPLICATIONS

© Frank A. Felder, Ph.D. 61

Economic dispatch

Optimal power flow (OPF)
 DCOPF
 ACOPF

Ancillary services

Unit commitment

 Hydroelectric scheduling

 Energy storage

Capacity market auctions

FTR/FTC/TCC auctions

Maintenance scheduling

Generation expansion

Transmission expansion
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ECONOMIC DISPATCH ALTERNATIVE OBJECTIVE 
FUNCTIONS

© Frank A. Felder, Ph.D. 62

Marzbani, Fatemeh, and Akmal Abdelfatah. "Economic dispatch 

optimization strategies and problem formulation: A 

comprehensive review." Energies 17.3 (2024): 550.
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OPTIMIZATION OF ENERGY AND RESERVES

© Frank A. Felder, Ph.D. 63

Operating reserves are 10-minute spinning, 10-minute non-
spinning and 30-minute reserves to help meet generation and 
transmission contingencies

Sequential optimization involves first optimizing energy, i.e., 
economic dispatch, then optimizing operating reserves

Co-optimizing optimizes energy and operating reserves 
simultaneously

Which is more efficient, sequential or co-optimization and why?

What constraints would you add to the economic dispatch 
problem to co-optimize operating reserves?  
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FINANCIAL TRANSMISSION RIGHTS

© Frank A. Felder, Ph.D. 64

Ma, Xingwang, David I. Sun, and Andy Ott. "Implementation of the PJM financial 

transmission rights auction market system." IEEE Power Engineering Society 

Summer Meeting,. Vol. 3. IEEE, 2002.

https://home.engineering.iastate.edu/~jdm/OldInfo/ArevaPJM2002.pdf
https://home.engineering.iastate.edu/~jdm/OldInfo/ArevaPJM2002.pdf
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FINANCIAL TRANSMISSION RIGHTS – 
SIMULTANEOUS FEASIBILITY 

© Frank A. Felder, Ph.D. 65

Ma, Xingwang, David I. Sun, and Andy Ott. "Implementation of the PJM 

financial transmission rights auction market system." IEEE Power 

Engineering Society Summer Meeting,. Vol. 3. IEEE, 2002.

https://home.engineering.iastate.edu/~jdm/OldInfo/ArevaPJM2002.pdf
https://home.engineering.iastate.edu/~jdm/OldInfo/ArevaPJM2002.pdf
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UNIT COMMITMENT 

© Frank A. Felder, Ph.D. 66
https://home.engineering.iastate.edu/~jdm/ee553/UC.pdf
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UNIT COMMITMENT, con’t 

© Frank A. Felder, Ph.D. 67https://home.engineering.iastate.edu/~jdm/ee553/UC.pdf
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UNIT COMMITMENT, con’t 

© Frank A. Felder, Ph.D. 68https://home.engineering.iastate.edu/~jdm/ee553/UC.pdf
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SOCIAL WELFARE MAXIMIZATION

© Frank A. Felder, Ph.D. 69

Quantity (Q)

P1

Q1

Producer 
Surplus

Consumer 
Surplus

Supply

Demand

Social Welfare = Consumer Surplus + Producer Surplus

Demand and supply curves
drawn as lines for simplicity
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GENERATION INVESTMENT

© Frank A. Felder, Ph.D. 70
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COURSE WRAP UP

© Frank A. Felder, Ph.D. 71

Optimization is integral to the electric power system

Pricing in all electricity markets explicitly uses an 
optimization algorithm

Framing challenges as optimization problems is 
extremely useful

Please contact me at any time if you have questions, 
comments or want more information

THE END IS HERE
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More Information and Resources
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TERMINOLOGY AND ABBREVIATIONS CHECK

Shadow price
Global minimum
Local maximum
Constraint
Non-negativity constraint
Decision variables
Parameters
First order conditions
Shift factors

LP

x*

SCED

SCUC

MC = MB

© Frank A. Felder, Ph.D. 73
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KNOWLEDGE SELF-CHECK

1. What is meant by a feasible solution?

2. What is the economic dispatch problem and what are 3 variations of 
it?

3. What happens to the optimal value of the solution if the number of 
decision variables increase? If the number of constraints increase?

4. What are several other applications of optimization in the electric 
power sector that are not discussed in this presentation?

5. What are the different types of constraints in the unit commitment 
problem?
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MORE INFORMATION - VIDEOS
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Individual Videos

Modeling Electricity Markets with Optimization with Dr. Benjamin F. Hobbs, Nov. 12, 2018

Renewables in Electricity Markets

Optimizing Energy Storage for Ultra-High Renewable Electricity Systems

Video Courses

Math 484 Linear Programming Short Videos, Prof. Wen Shen, 2020

Math 510 Linear Programming and Network Flows, Prof. Henry Adams, 2020
 

https://www.youtube.com/watch?v=ReTtFoVC9kM
https://www.youtube.com/watch?v=FYfbM56L-mE
https://www.youtube.com/watch?v=SYTnN6Z65kI
https://www.youtube.com/watch?v=SYTnN6Z65kI
https://www.youtube.com/watch?v=SYTnN6Z65kI
https://www.youtube.com/watch?v=TxidmVD90EM&list=PLbxFfU5GKZz2-4Y3YwRFVVDEMlmxYfY6y
https://www.math.colostate.edu/~adams/teaching/math510fall2020/
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MORE INFORMATION - DOCUMENTS
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Brown, Tom and Iegor Riepin, Modeling 24/7 Carbon-Free Procurement in Europe, TU 
Berlin presentation, June 15, 2022

Edgeconnex and Gridmatic, Advancing Toward Sustainability: A Year of Operating a 
Data Center with 24/7 Carbon-free Energy Goals, Sept. 2022

Ma, Xingwang, David I. Sun, and Andy Ott. "Implementation of the PJM financial 

transmission rights auction market system." IEEE Power Engineering Society Summer 

Meeting,. Vol. 3. IEEE, 2002.

United Nations, The 24/7 Carbon Free Energy Compact

Google, 24/7 by 2030: Realizing a Carbon-free Future, Sept. 2020

Papavasiliou, Anthony. Optimization models in electricity markets. Cambridge 
University Press, 2024.

Wood, Allen J., Bruce F. Wollenberg, and Gerald B. Sheblé. Power generation, 
operation, and control. John Wiley & Sons, 2013.

https://nworbmot.org/energy/brown-eurelectric.pdf
https://nworbmot.org/energy/brown-eurelectric.pdf
https://nworbmot.org/energy/brown-eurelectric.pdf
https://www.edgeconnex.com/wp-content/uploads/2024/03/Gridmatic-Whitepaper-2_FINAL-2024.pdf
https://www.edgeconnex.com/wp-content/uploads/2024/03/Gridmatic-Whitepaper-2_FINAL-2024.pdf
https://www.edgeconnex.com/wp-content/uploads/2024/03/Gridmatic-Whitepaper-2_FINAL-2024.pdf
https://www.edgeconnex.com/wp-content/uploads/2024/03/Gridmatic-Whitepaper-2_FINAL-2024.pdf
https://home.engineering.iastate.edu/~jdm/OldInfo/ArevaPJM2002.pdf
https://home.engineering.iastate.edu/~jdm/OldInfo/ArevaPJM2002.pdf
https://www.un.org/sites/un2.un.org/files/2021/10/24-7cfe_compact_-_v2_updated.pdf
https://www.gstatic.com/gumdrop/sustainability/247-carbon-free-energy.pdf
https://www.gstatic.com/gumdrop/sustainability/247-carbon-free-energy.pdf
https://www.gstatic.com/gumdrop/sustainability/247-carbon-free-energy.pdf
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