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This work considers the economic dispatch and unit commitment of a single micro-
gas turbine (MGT) under combined heat and power (CHP) operation. The main
contributions of this study are
Modelling of an MGT – detailed thermodynamic cycle analysis
Economic dispatch of an MGT – optimization model for the operation of the
MGT in the grid
Detailed Cases Studies – demonstrating the advantages of MGTs for combined
heating and power production

Motivation

MGT Modelling and Economic Dispatch

The authors acknowledge the financial support of the Minerva Research Center (Max Planck Society
AZ5746940764), the Grand Technion Energy Program (GTEP 1013145) and the IAESTE Portugal Program.

Previous efforts related to the economic dispatch for MGTs considered only the electro-
mechanical response of a generic turbine, disregarding the energy conservation laws of
individual components. In this work, we developed a component-based gas turbine model
to describe its steady state operation. We included two input parameters - the shaft speed
and bypass valve positions. Our simulation model mapped these inputs to the MGT
electrical power output, heat output, and fuel mass flow. These maps are shown below.
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EU electricity generation trends

Current energy trends forecast a dramatic increase in
the global demand for energy supply. This demand will
be met by increasing the use of natural gas for power
generation, and will primarily be accommodated by gas
turbines in combined cycle forms. Micro-turbines offer
many advantages compared to other technologies
including high power-to weight ratios, low terrain
footprint, reliability, and lower greenhouse gas
emissions.

Fuel Mass Flow Electricity Output Heat Output

Electricity Efficiency Heat Efficiency

This model leads to a realistic analysis for integration of MGTs into a power generation
system. The steady-state input-output maps of the MGT were used to develop a detailed
optimization scheme for solving the economic dispatch and unit commitment problems.
We operated the MGT as a CHP unit thereby optimizing the MGT operation to provide
both electricity and heat to the user. Excess electricity can be sold back to the grid, while
excess heat is simply dumped into the atmosphere. The complete optimization model
described below:

The optimization model was solved using a shortest-path algorithm. Demand data for
case studies were taken from the U.S. Department of Energy (2004), along with
information on electricity tariffs.

Case Studies
To demonstrate the benefit of integrating a single micro gas turbine into the electricity
market, we provide four detailed case studies: a full-service restaurant, a large hotel,
a residential building neighborhood and a small hotel. We solved the economic
dispatch problem for these buildings on 3 representative days (winter, summer,
spring/autumn).
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(a) Power Demand: Reference Winter
Day
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(b) Power Demand: Reference Spring
Day
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(c) Power Demand: Reference Summer
Day
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(d) Heat Demand: Reference Winter
Day
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(e) Heat Demand: Reference Spring
Day
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(f) Heat Demand: Reference Summer
Day

Demand CHP commitment Utility commitment

Figure 11: Heat and power demand of the full service restaurant and its unit commitment solution for the seasonal reference
days in winter, spring and summer.

solution. During the entire winter day, the opti-
mization sets the bypass valve at a constant 0%,760

while the fluctuation in the power and heat are as-
sociated with MGT speed variations.

On most of the winter day hours (05h-01h), the
heat demand is mainly provided by the CHP, re-
gardless of intermediate and o↵-peak tari↵ rates.765

Thus, the MGT is operated on a heat driven basis.
Consequently, the ensuing CHP power is an arti-
fact of the optimization, and the residual di↵erence
between the electricity production and demand is
either supplied to or bought by the utility. For ex-770

ample, in the first hour of operation (24h-01h), the
heat demand (126kW ) is primarily accommodated
by the CHP unit, and only a small amount is pur-
chased from the utility (10kW ), whereas the CHP
power production (80kW ) is significantly higher775

than the electricity demand (39kW ). If the elec-
tricity and heat demand would have been met en-
tirely from the utility, the cost would be $5.478
(considering the o↵-peak electrical charge and the

utility heat production based on the natural gas780

pricing). Alternatively for the optimal CHP unit
commitment, the total operational cost is $5.702.
However, as the electricity production exceeds the
demand, the surplus is sold back to the grid, re-
sulting in a profit of $1.119. On the other hand,785

the CHP heat production does not fulfil the entire
demand, requiring in an additional utility cost of
$0.398. In total, the net gain in operating the CHP
unit during this hour amounts to $0.497.

From 01h until 05h (which is during the o↵-peak790

tari↵ period), the MGT is operated at an electricity
and heat production level above the demand. This
is a mode of operation which is maintenance-cost
driven. The comparative advantage of the CHP
over the utility should be in time intervals of higher795

heat demand or increased utility electricity pricing.
However, in this o↵-peak time period, the opera-
tional state of the MGT is optimized to minimize
losses. There is a direct low cycle fatigue associated
cost of each shutdown and startup ($3.75), in addi-800
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Full Service Restaurant

During winter, MGT is operated on a 
heat driven basis.  Electricity 
production is a byproduct of meeting 
the heat demand.  

In Summer and Spring, the MGT 
operates on a maintenance driven
basis.  The startup/shutdown costs are 
too high to cycle the MGT even during 
intervals of high heat demand or 
increased utility pricing.
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(a) Power Demand: Reference Winter
Day
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(b) Power Demand: Reference Spring
Day
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(c) Power Demand: Reference Summer
Day
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(d) Heat Demand: Reference Winter
Day
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(e) Heat Demand: Reference Spring
Day
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(f) Heat Demand: Reference Summer
Day

Demand CHP commitment Utility commitment

Figure 12: Heat and power demand of the large hotel and its unit commitment solution for the seasonal reference days in
winter, spring and summer.

similar. Operating the unit at a low power com-900

mitment level, the head demand is supplied at a
competitive unit e�ciency (0% bypass). Clearly
the behaviour is heat driven, except in the o↵-peak
hours of the summer, when it is more economical
to continue operation at minimum production level905

instead of shutting down (maintenance driven). In
contrast to summer and winter, the spring day ex-
hibits a low heat demand profile, while the power
demand is at a comparable level with other seasons
(Figures 13(b), 13(e)). The optimization finds that910

it is not profitable to operate the unit, and therefore
the MGT stays o↵ the whole day.

Residential Neighborhood
For the residential neighborhood scenario, the

solution of the CHP unit economic dispatch are915

presented in Figures 14(a)-14(f). On the refer-
ence winter day, the CHP unit operates at constant
heat (193kW ) and maximum electricity production
(110kW ). Between 17h-22h, when the power de-
mand surpasses the MGT capacity, additional elec-920

tricity is bought from the utility. In all other time
intervals, the excess electricity is sold to the grid
according to net metering procedure. It is interest-
ing to note that the heat production is kept at a
constant level (at 20% bypass) throughout the day,925

and it is more economical to purchase additional
heat from the utility when needed. This is in part
associated with the relatively course bypass valve
grid employed in the optimization (see Remark 1).

During the typical spring day, the MGT unit be-930

havior presents a unique operational schedule which
is revenue driven. In the intermediate tari↵ hours
of the day (10h - 20h), the CHP unit operates at
an electricity and heat production level significantly
beyond the consumer demand, selling all the excess935

electricity to the grid while dumping the excess heat
to the atmosphere (see Figures 14(b) and 14(e)).
Therefore, the optimal solution is to take advantage
of the higher electricity rates during this period to
increase revenue. In fact, in order to increase the940

electrical e�ciency, the bypass valve is set at 0%
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(a) Power Demand: Reference Winter
Day
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(b) Power Demand: Reference Spring
Day

0 5 10 15 20 25

Time [h]

0

50

100

150

200

D
e

m
a

n
d

 a
n

d
 c

o
m

m
itm

e
n

t 
[k

W
]

(c) Power Demand: Reference Summer
Day
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(d) Heat Demand: Reference Winter
Day
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(e) Heat Demand: Reference Spring
Day
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(f) Heat Demand: Reference Summer
Day

Demand CHP commitment Utility commitment

Figure 13: Heat and power demand of the small hotel and its unit commitment solution for the seasonal reference days in
winter, spring and summer.

and the associated heat commitment level is the
lowest possible for the chosen speed setting. In this
particular circumstance, the MGT can clearly pro-
duce electricity at a lower per unit cost than the945

utility. In the late evening from 20h-24h, when the
utility costs are low, the CHP operates at its lowest
possible power and heat state instead of shutting
down (maintenance driven). For the same day, in
the o↵-peak tari↵ hours (24h-7h), the CHP unit950

supplies the entire heat demand at 0% bypass and
varying speed levels (heat driven behavior). The
ensuing excess electricity is sold back to the grid.
Lastly, from 7h-10h, the commitment level of the
CHP changes directly correlated with the electricity955

demand, varying the speed of the engine at 0% by-
pass level in the most thermodynamically e�cient
condition (electricity driven).

During the summer day, the electricity is at peak
rate between 10h-20h, which increases the economic960

advantage of production by the MGT. In fact, be-
tween 10h-11h, the unit produces 110kW electricity

at 0% bypass (greater than the demand) and sells
the surplus back to the grid (revenue driven). From
12h - 20h, the power demand exceeds the capac-965

ity of the MGT, and the additional requirements
are supplied by the utility. However, this time pe-
riod is not entirely electricity driven. Between 16h-
17h, with the increasing heat demand, the bypass
valve position is adjusted to 20% in order to pro-970

duce more heat at the same electricity production
rate (100% speed). Hence, the optimization finds
economic advantage in producing heat through the
MGT at the expense of augmented fuel consump-
tion. In the o↵-peak hours of 20h-24h and 07h-10h,975

the trends are heat driven due to lowered price of
electricity. Once again, in the early hours of the
day between 24h - 07h, the MGT operates in its
minimum electricity and heat production state, in-
stead of shutting down (maintenance driven). In980

this time period, it is more economical to fulfill the
additional electricity demand from the network.

Throughout the various seasons and times of day,
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(a) Power Demand: Reference Winter
Day
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(b) Power Demand: Reference Spring
Day
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(c) Power Demand: Reference Summer
Day
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(d) Heat Demand Reference Winter
Day
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(e) Heat Demand: Reference Spring
Day
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(f) Heat Demand: Reference Summer
Day
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Figure 14: Heat and power demand of the residential community and its unit commitment solution for the seasonal reference
days in winter, spring and summer.

the residential neighborhood presents di↵ering opti-
mal commitment trends associated with heat, elec-985

tricity, revenue, and maintenance-cost driven oper-
ation. In contrast to other consumers of energy, the
increased diversity in the neighborhood’s economic
dispatch mode is heavily based on the variations
in the ratio between the power to heat demand,990

which fluctuates between 0.2-6. In contrast, the
heat to power demand ratio of the restaurant varies
between roughly 0 - 1.5 throughout the year. This
increased range of this ratio has strong influence on
the optimization strategies.995

4.3. Economic Analysis

To e↵ectively demonstrate the economic via-
bility of integrating the MGT, Table 4 summa-
rizes the total savings when the natural gas price
moderately deviates from the October 2015 refer-1000

ence of fuel cost 1= $7.74/1000ft3 to fuel cost 2
= $8.85/1000ft3 and fuel cost 3 =$6.80/1000ft3

[60]. The results are aggregated by day (Summer,

Spring/Autumn, Winter) and building types. If the
savings are listed as zero, it is not economically1005

beneficial to operate the CHP unit. To facilitate
the analysis, the data is further broken down to
show the demand charge savings, Table 5 (which
are divided by 30 as the usual billing period is one
month).1010

For the commercial tall and medium buildings,
there are savings resulting from fixed pricing of
electricity and demand charge reduction (Table 5).
The latter is associated with operating the unit at
a nearly constant commitment level that decreases1015

the peak loads met by the utility. For these reasons,
in the large hotel example, using a single CHP unit
is especially advantageous (Table 4), however insuf-
ficient in terms of meeting demand. Therefore, a
bank of CHP units may be more suitable to accom-1020

modate the energy needs. In general for all com-
mercial buildings, increasing the fuel price leads to
a decrease in savings. This is most clearly demon-
strated in the small hotel, where increasing the fuel

19

Conclusions

J. F. Rist, M. F. Dias, D. Zelazo, B. Cukurel, and M. Palman, “Economic Dispatch of  a Single Micro-Gas Turbine 
Under CHP Operation,” Applied Energy, 2017 (submitted).

A comprehensive micro-gas turbine model was established for the purpose of optimizing the
operational behavior of a CHP unit in a smart-grid environment. The unit commitment
problem was then solved for four different consumers. Of main interest is the observation
that the optimal solution results in four distinct MGT operation modes: electricity
driven, heat driven, maintenance cost driven, and revenue driven.

Large Hotel

TW
h

(taken from “EU Energy, Transmission, and GHG Emissions: 
Trends to 2050 – Reference Scenario 2013”

min
xGT ,uGT ,x

P
UT ,x

H
UT

J(xGT , uGT , x
P
UT , x

H
UT )

subject to

(MGT Dynamics) xGT (t+ c�T ) = fGT (xGT (t), uGT (t)),

(Power Balance) PGT (xGT (t)) + (xP
UT (t)� P (t)) = 0,

(Heat Balance) HGT (xGT (t)) + (xH
UT (t)�H(t)) = 0,

xGT (t) 2 {(pi(t), hj(t)), i = 1, . . . , s, j = 1, . . . , v}

xP
UT (t) � 0, xH

UT (t) � 0, t = 1, . . . , T.
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Small Hotel

Residential Community

The power demand of the large hotel 
exceeds the maximum capacity of the 
MGT.  The optimal commitment 
requires contributions from both the 
MGT and the utility.

The MGT consistently operates at the 
highest electricity production, resulting 
in an Electricity Driven operation.

The MGT operates at a low power 
commitment level, while the heat 
demand is supplied at a competitive 
unit efficiency.  This is a heat driven
operation.  During off-peak hours in 
the summer, the MGT is operated in a 
maintenance driven mode to avoid 
incurring additional startup/shutdown 
costs.

During the spring day, the MGT 
operates in a revenue driven mode.  In 
intermediate tariff hours of the day, the 
MGT generates electricity and heat 
significantly above the demand, selling 
the power back to the grid.  This takes 
advantage of the higher electricity rates 
during this period. During off-peak 
hours, the MGT demonstrates electricity 
driven, heat driven, and maintenance 
cost driven operation.


