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What is Economic Dispatch?

• Answer:
– The operation of generation facilities to 

produce energy at the lowest cost to 
reliably serve consumers, recognizing any 
operational limits of generation and 
transmission facilities [and regulatory 
requirements]

-FERC













Terminology

• Unit Commitment (UC)
– Schedule of the most cost effective 

generation units to meet load forecasts and 
regulation and reserve requirements



Terminology

• Average Net Operating Heat Rate (ANOHR)
– The common measure of system efficiency for a 

generating unit

– Increasing heat rate – Lower efficiency
– Decreasing heat rate – Higher efficiency



Terminology

• Incremental Heat Rate (IHR) – the change in fuel/heat 
input for a one unit change in output

• Total fuel input needed for one MW of output
• Determines the next, most-economical MW

• Start-up or Shut-down Cost – costs of fuel, life-cycle 
maintenance, and other items related directly to the start-up or 
shutting down of a generating unit



The Modeling Process
• Start with the load data for the defined period

– Hours, days, weeks, or years

• Select available generating units for the study period
– Input defined outage dates for each unit

• Recognize each generating unit’s operating limit, 
including its: 
– Ramp rate (how quickly the generator’s output can be changed) 
– Maximum and minimum generation levels 
– Minimum amount of time the generator must run 
– Minimum amount of time the generator must stay off once turned 

off 



The Modeling Process

• Cost of generating, which depends on: 
– Its efficiency (heat rate) 
– its variable operating costs (fuel and non-fuel) 
– Variable cost of environmental compliance 
– Start-up costs 

*Fixed costs (fixed O&M, debt service, etc.) 
are never used in economic dispatch



Road Trip
• Planning a road trip from Gainesville to the 

Grand Canyon:
– What costs do you consider?

• Fuel Costs (MPG, distance)
• Necessary Maintenance (oil change, tire change/rotation, etc.)
• Lodging 
• Food

– Fixed Costs?
• Car Note?    -Insurance?           -Mortgage?



The Modeling Process

• Load forecast and ANOHR are used to 
create the Unit Commitment:
– What generations units have the MW 

range to meet needs every hour of the 
modeling period

– Ramp rates and response time must be 
considered

• Tesla (in Ludicrous mode) vs. Prius



The Modeling Process

• Once units are online, the Incremental 
Heat Rate determines what level the 
units are loaded



Incremental Cost Decision

• Incremental costs of units at minimum load:
– CC1 - $14.80/MWh
– DH2 - $23.70/MWh
– DHR - $19.25/MWh

• Where do we get the next, most economical 
megawatt?
– CC1



What Crunches the Numbers?

• GenTrader®
– Energy model that determines the most 

economical scenario
– Used for Unit Commitment and long-term 

planning
– Deterministic Model



GenTrader

Post-modeling 
processing and 
analysis: 
-GenTrader Reports &  
Graphics
-Export to Access
- Excel Analysis and 
Reports

Unit Data:
- Heat Rate Curves
- Dispatch Limits
- O&M Costs
- Start-up Profiles
- Ramp Rates
- Scheduled Outages
- Forced Outage Rates
- On or Off Restrictions
- Min/Max Up or Down Times
- Reserve Requirements

Fuel Data:
- Coal Prices
- Gas Prices
- Biomass Prices
- Oil Prices
- Other Fuel Prices
- Contract Limits

Power Purchases 
and Sales:
- G2 PPA
- Solar FIT
- Market Opportunities

Load Data:
- Native Load
- Alachua
- Seminole/Clay
- Winter Park

Output (hourly, daily, weekly, monthly, seasonal, annual):
- Generation by Unit - Avg. Heat Rate - Number of Starts
- Fuel Use by Unit - Avg. Oper. Cost - Startup/Shutdown Cost
- Fuel Cost by Unit - VOM by Unit - Emissions by Unit
- Capacity Factor - Hours Run by Unit - Market Transactions





Methodology
• Prices

– Contracts
– Industry Publications
– Federal agencies
– Indices 

• Volume
– Generation Model
– History
– Averages
– Volume Drivers
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LDC Example
2013 2014 2015 2016 2017 3 yr. average5 yr. average

Jan 221,335 389,999 322,509 342,728 247,297 304,178 304,774
Feb 219,488 236,235 302,938 285,115 184,517 257,523 245,659
Mar 257,773 225,016 175,320 177,968 205,284 186,191 208,272
Apr 137,832 150,867 137,777 148,091 151,724 145,864 145,258
May 124,090 104,964 127,836 142,588 137,814 136,079 127,458
Jun 107,146 88,243 115,335 119,994 124,015 119,781 110,947
Jul 152,734 118,236 118,461 115,751 117,701 117,304 124,577
Aug 128,557 110,119 122,795 124,088 117,877 121,587 120,687
Sep 115,475 119,369 126,296 124,686 126,900 125,961 122,545
Oct 129,329 138,287 141,045 139,734 152,094 144,291 140,098
Nov 185,635 242,691 157,605 182,935 175,393 171,978 188,852
Dec 216,279 249,681 180,895 204,899 253,061 212,952 220,963

LDC Burn Volumes
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Process for Major Fuel Types

INPUT
Prices
INPUT
Prices

PROCESS
Generation 
Modeling

PROCESS
Generation 
Modeling

OUTPUT
Expenses, 

MWh, MMBtus 
etc.

OUTPUT
Expenses, 

MWh, MMBtus 
etc.

Biomass, Coal, Natural Gas & 
Purchase Power
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Biomass Budget Components
• Delivered commodity
• Fuel procurement service fee
• Environmental commodities

– Sodium Bicarbonate
– Ammonia

• Combustion By-Products
– Bottom Ash
– Fly Ash

• Miscellaneous Expenses e.g. lab equipment 
maintenance, surveys, audits

• Diesel for pile maintenance  
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Coal Budget Components
• Commodity
• Transportation
• Environmental commodities

– Lime
– Urea

• Combustion By-Products
– Scrubber By-Product
– Fly Ash

• Railcar maintenance
• Miscellaneous expenses e.g. taxes, prices analyses, 

quality analyses, audits
• Diesel for pile maintenance  
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Natural Gas Budget 
Components

• Gas Commodity
• Pipeline Transportation

– Firm
– Non-firm
– Capacity charges

• Fuel
• Baseload contracts
• Hedging expenses
• Price analyses
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Purchased Power (PP) 
Budget Components

• Market purchases

• Winter Park sales

• Solar – FIT

• G2 – Landfill gas

• Costs associated with Renewable Energy 
Credits
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Solid Fuel Summary

28

Biomass component Price Volume

Biomass fuel
contracts, mkt price, 
indices Gentrader

Fuel Service fee history/average N/A
Bicarb history/average driver: unit dispatch
Ammonia  history/average driver: unit dispatch
Bottom Ash history/average driver: unit dispatch
Fly Ash history/average driver: unit dispatch
Misc Exp history/average N/A
Diesel fuel pile history/average history/average

Coal component Price Volume

Coal fuel

contracts, average 
mkt price 
(publications) Gentrader

Transportation contracts, index contract
Lime contract, indices history/average
Urea contract/index history/average

Scrubber By‐Product contract
history/average
/dispatch

Fly Ash contract driver: coal burn
Railcar Maintenanace contract/history history/average
Misc Exp history/average history/average
Diesel fuel pile contract/index history/average



Projection of Delivered Natural Gas Costs

Month  Assumed Commodity 
Cost, $/MMBtu 

 FGT Fuel % - $/MMBtu 
based on 3.50% Fuel 

 FGT Capacity, 
$/MMBtu* 

Total Delivered Cost 
for Market Value of 

Natural Gas - $'s per 
MMBtu

Mar-18 2.759$                             0.100$                             0.552$                             3.411$                             
Apr-18 2.723$                             0.099$                             0.552$                             3.374$                             
May-18 2.735$                             0.099$                             0.602$                             3.436$                             
Jun-18 2.769$                             0.100$                             0.602$                             3.471$                             
Jul-18 2.810$                             0.102$                             0.602$                             3.514$                             
Aug-18 2.814$                             0.102$                             0.602$                             3.518$                             
Sep-18 2.798$                             0.101$                             0.602$                             3.501$                             
Oct-18 2.819$                             0.102$                             0.552$                             3.473$                             
Nov-18 2.864$                             0.104$                             0.552$                             3.520$                             
Dec-18 2.998$                             0.109$                             0.552$                             3.659$                             
Jan-19 3.093$                             0.112$                             0.552$                             3.757$                             
Feb-19 3.064$                             0.111$                             0.552$                             3.727$                             
Mar-19 2.963$                             0.107$                             0.552$                             3.622$                             
Apr-19 2.691$                             0.098$                             0.552$                             3.341$                             
May-19 2.665$                             0.097$                             0.602$                             3.364$                             
Jun-19 2.694$                             0.098$                             0.602$                             3.394$                             
Jul-19 2.726$                             0.099$                             0.602$                             3.427$                             
Aug-19 2.731$                             0.099$                             0.602$                             3.432$                             
Sep-19 2.718$                             0.099$                             0.602$                             3.419$                             
Oct-19 2.743$                             0.099$                             0.552$                             3.394$                             
Nov-19 2.794$                             0.101$                             0.552$                             3.447$                             
Dec-19 2.927$                             0.106$                             0.552$                             3.585$                             

Natural Gas Example - All-in Prices

29



Model Output
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Prices for Model Input

FY 19 Fuel Cost With WP W/O WP With WP W/O WP With WP W/O WP With WP W/O WP With WP W/O WP WP
Oct‐18 $735,390.91 $153,624.28 $581,766.63 $3,020,406.60 $2,900,930.05 $119,476.55 $1,763,667.69 $2,001,139.25 ($237,471.56) $535,276.00 $395,452.00 $139,824.00 $6,054,741.20 $5,451,145.58 $603,596
Nov‐18 $0.00 $0.00 $0.00 $2,703,479.59 $2,453,594.08 $249,885.51 $2,007,836.91 $1,803,083.13 $204,753.78 $428,741.00 $322,524.00 $106,217.00 $5,140,057.50 $4,579,201.21 $560,856
Dec‐18 $0.00 $0.00 $0.00 $3,327,230.39 $2,951,504.84 $375,725.55 $2,174,854.27 $1,938,537.25 $236,317.02 $262,872.00 $217,183.00 $45,689.00 $5,764,956.66 $5,107,225.09 $657,732
Jan‐19 $2,643,715.37 $0.00 $0.00 $2,816,719.58 $0.00 $0.00 $0.00 $0.00 $0.00 $316,675.00 $0.00 $0.00 $5,777,109.95 $0.00 $0
Feb‐19 $3,172,102.34 $0.00 $0.00 $1,533,472.94 $0.00 $0.00 $0.00 $0.00 $0.00 $368,339.00 $0.00 $0.00 $5,073,914.28 $0.00 $0
Mar‐19 $4,599,574.00 $0.00 $0.00 $357,677.35 $0.00 $0.00 $0.00 $0.00 $0.00 $474,136.00 $0.00 $0.00 $5,431,387.35 $0.00 $0
Apr‐19 $2,548,996.50 $0.00 $0.00 $2,328,352.89 $0.00 $0.00 $0.00 $0.00 $0.00 $339,980.00 $0.00 $0.00 $5,217,329.39 $0.00 $0
May‐19 $3,201,898.44 $0.00 $0.00 $2,690,325.09 $0.00 $0.00 $0.00 $0.00 $0.00 $387,401.00 $0.00 $0.00 $6,279,624.53 $0.00 $0
Jun‐19 $2,343,293.41 $0.00 $0.00 $2,386,436.93 $0.00 $0.00 $2,220,833.68 $0.00 $0.00 $296,079.00 $0.00 $0.00 $7,246,643.02 $0.00 $0
Jul‐19 $2,729,688.93 $0.00 $0.00 $2,508,144.40 $0.00 $0.00 $2,372,067.06 $0.00 $0.00 $198,187.00 $0.00 $0.00 $7,808,087.39 $0.00 $0
Aug‐19 $2,688,030.62 $0.00 $0.00 $2,541,048.90 $0.00 $0.00 $2,396,429.64 $0.00 $0.00 $247,915.00 $0.00 $0.00 $7,873,424.16 $0.00 $0
Sep‐19 $2,321,937.58 $0.00 $0.00 $2,324,314.04 $0.00 $0.00 $2,247,301.88 $0.00 $0.00 $349,969.00 $0.00 $0.00 $7,243,522.50 $0.00 $0

$26,984,628 $153,624 $581,767 $28,537,609 $8,306,029 $745,088 $15,182,991 $5,742,760 $203,599 $4,205,570 $935,159 $291,730 $74,910,798 $15,137,572 $1,822,183

WINTER PARK ‐ FY19 

Coal Gas Biomass Power Total
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Natural Gas Budget
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CO Object Description GL Account Line Item Category Fuel Type Gen / PP Total
DHR Fuel Biomass O&M 1 510130 - Biomass Fuel 1 13,118,780$     
DHR Fuel Biomass O&M 2 510130 - Biomass Fuel 2 720,000$          13,838,780$   
DHR Fuel Ammonia O&M 3 510140 - Ammonium Hydroxide 59,952$             
DHR Fuel Sodium BiCarb O&M 4 510135 - Sodium BiCarconate 101,439$          161,391$         
DHR Fuel Misc O&M 510515 - Combustion By-Product 905,816$          905,816$         
DHR Fuel Misc O&M 510130 - Biomass Fuel (fuel yard diesel) 3 54,450$             
DHR Fuel Misc O&M 530100 - Aerial & Density Survey 16,955$             
DHR Fuel Misc O&M 530105 - Fuel Price Analysis 4 1,000$               
DHR Fuel Misc O&M 510105 - Fuel Analysis 5 1,000$               73,405$           14,979,392$  

DH2 Fuel 510100 - Coal 6 24,521,823$     24,521,823$   
DH2 Fuel Urea 510125 - Urea-Fuel Related 7 -$                   
DH2 Fuel Lime 510120 - Lime-Fuel Related 1,881,039$       1,881,039$     
DH2 Fuel Misc 410515 - Fly Ash Sales (135,813)$         
DH2 Fuel Misc 510500 - Scrubber Byproduct Disposal 25,000$             (110,813)$       
DH2 Fuel Misc 510110 - Coal Railcar Maintenance - Parts 165,000$          
DH2 Fuel Misc 510115 - Coal Railcar Maintenance - Labor 148,680$          
DH2 Fuel Misc 530100 - Aerial & Density Survey 16,000$             
DH2 Fuel Misc 530105 - Fuel Price Analysis 8 34,260$             
DH2 Fuel Misc 510105 - Fuel Analysis 20,000$             
DH2 Fuel Misc 510100 - Coal (rail car taxes) 10,000$             
DH2 Fuel 510100 - Coal (fuel yard diesel) 40,000$             433,940$         26,725,988$  

DH1 Fuel 510300 - Natural Gas 9 1,666,836$       
DH2 Fuel 510300 - Natural Gas 9 -$                   
DH CT1 Fuel 510300 - Natural Gas 9 9,405$               
DH CT2 Fuel 510300 - Natural Gas 9 30,156$             
DH CT3 Fuel 510300 - Natural Gas 9 -$                   
Kelly CC1 Fuel 510300 - Natural Gas 9 23,486,696$     
SEC1 FUELS 510300 - Natural Gas 9 1,299,714$       
SEC2 FUELS 510300 - Natural Gas 9 1,299,714$       
DHR Natural Gas O&M 510300 - Natural Gas 21,066$             
Gas Consulting (501) 530105 - Fuel Price Analysis 10 32,000$             27,845,586$   27,845,586$  69,550,967$       

Purchased Power (555) 500105 - Purchased Power-TEA 11 3,913,840$      
Purchased Power (555) 500100 - Purchased Power 12 1,822,183$      
Purchased Power (555) 500110 - Purchased Power-Feed in Tariff 6,035,670$       
Purchased Power (555) 510325 - Purchased Power-G2 2,468,662$       
Purchased Power (555) 530205 - Renewable Energy Credit Expense (REC) 20,000$             14,260,355$   14,260,355$  14,260,355$       83,811,322$     

Nat Gas City Gate Purchases (804) 510300 - Natural Gas 8,449,129$       8,449,129$     8,449,129$     8,449,129$         8,449,129$       
92,260,451$     
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FY19 Fuels Budget

32%
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Most Recent Fuel Budgets
Original FY18: Gen   - $66,946,788

PP      - $96,440,593
LDC    - $9,591,330

Total = $172,978,711

Revised FY18: Gen   - $66,693,866
PP      - $29,681,595
LDC    - $9,591,330

Total = $105,966,791

FY19: Gen   - $69,550,967
PP      - $14,260,355
LDC    - $8,449,129

Total = $92,260,451
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