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Abstract: Thermal power plants and gas turbines are
among the most important sources of electricity generation
in Iran. The combination of two major challenges—an
imbalance between electricity generation and consumption
and limited liquidity and financial resources—has turned
the low-capital-cost electricity generation solutions from an
option into a necessity. Compared with installing new
power plants, upgrading existing gas turbines not only is
faster but also requires significantly lower capital
investment. Compressor upgrades, which focus on the cold
section of gas turbines, involve lower costs and risks among
all available upgrades. Therefore, the optimal use of
compressor upgrades can substantially reduce the capital
cost of rapidly increasing power generation. In this paper,
the operational compressor upgrade options for the
dominant gas turbine models used in Iran’s power plants
were first presented. The power augmentation of each
upgrade was, then, evaluated. Next, using statistical data on
the maximum annual electricity consumption reported in
the national energy balance reports, the share of annual
electricity generation demand that could be met by the
proposed compressor upgrades was determined. Finally, by
modeling the capital cost of the upgrade plans and applying
an optimization algorithm, the optimal selection of
compressor upgrade packages was identified
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Extended Abstract

Introduction

Addressing the widening gap between
electricity generation and peak demand is a
persistent challenge for power grid stability
in Iran. Thermal power plants, driven
predominantly by gas turbines, serve as the
backbone of the grid. While new plant
construction is resource-intensive, upgrading
existing gas turbines offers a high-return,
rapid-implementation alternative which is a
necessity in current liquidity constraints.
These upgrades generally fall into two
domains:  performance upgrades and
environmental adaptation. The first category
includes  upgrades  using  advanced
technologies to achieve higher power output
and efficiency. In contrast, the second
category focuses on modifying the gas
turbine to adapt it to the operational and
environmental conditions of the installation
site and to increase its output under such
conditions. Since gas turbines are designed
for ISO conditions, their output usually
decreases due to the elevation of the
installation site as well as increases in
ambient temperature. This reduction in
output is especially important in hot regions,
where it coincides with peak electricity
demand. Environmental adaptation plans are
designed to address this problem and other
operational issues like aging.

This paper presented a  systematic
assessment of available compressor upgrade
technologies for dominant gas turbine
models in Iran. By integrating national
energy balance statistics with a multi-
objective  optimization framework, we
identified the most cost-efficient selection of
upgrades, providing a strategic roadmap for
maximizing power augmentation under
financial limitations.

Materials and Methods

The methodology employed in this study is
structured as follows:

» Development of Operational Plans: We

first conceptualized and defined operational
plans for upgrading the compressors of the

predominant gas turbine models utilized in
the nation’s power plants.

 Quantification of Upgrade Potential: The
power augmentation achievable by each
upgrade was meticulously extracted, using a
combination  of  manufacturer  data,
operational power plant data, and advanced
simulation techniques.

* Analysis of Future Demand: We analyzed
the historical trend of the country’s peak
annual electricity demand and projected
these trends forward for the next five-year
period.

+ Assessment of National Capacity
Enhancement: The overall potential for
increasing the national generation capacity
was calculated based on the proposed
upgrade plans.

» Targeted Capacity Fulfillment: A key
objective was to meet a portion of the
projected peak demand over the next five
years through the implementation of these
upgrade strategies.

» Cost Analysis of Upgrades: The relative
capital cost associated with each individual
upgrade plan was modeled and calculated.

+ Optimization Problem Formulation: The
problem was formulated as a Mixed-Integer
Linear Programming (MILP) problem,
enabling a systematic approach to decision-
making.

* Solution and Portfolio Determination: The
optimization problem was solved to
determine the optimal portfolio and timeline
for implementing compressor upgrade plans
over the five-year horizon, effectively
optimizing the defined objective function.
Result

In the optimized portfolio of compressor
upgrades, the highest priority upgrade is
from the second category, namely
environmental  adaptation,  specifically
upgrades related to the compressor’s Inlet
Guide Vane (IGV+ and IGVMAX).
Following that, the wet compression upgrade
from the first category holds the second rank.
The compressor washing is also the third
most frequent priority for minimizing the
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capital cost of electricity generation in the
country. Upgrades related to gas turbines
with lower baseline power have higher
priority and are fully allocated in the initial
years of the optimization process. Although
this was done with the aim of minimizing
capital cost, it also lowered the risk of power
reduction due to unit trip resulting from
upgrade consequences.

Discussion and Conclusion

In the present paper, we have first identified
the major gas turbines used in power plants;
then, we have extracted and presented
various upgrade designs for the compressor
of each of these models, along with the
amount of power increase resulted from each
design. In the second phase—and by
considering the trend of increasing the
maximum annual electricity demand and the

total potential capacity increase through the
presented upgrade designs—meeting a
portion of the annual need by these upgrade
plans has been targeted over a 5-year period.
Subsequently, the capital cost of each of
these designs was modeled based on their
technological complexity and energy
density. Finally, using a Mixed-Integer
Linear Programming (MILP), the required
number of each design to meet the objective
function in a way that minimizes the overall
capital cost has been determined. Based on
this optimization, the priority designs for the
regulatory sector of the Ministry of Energy,
as well as the most attractive designs for the
private sector, has been determined including
IGV+ and IGVMAX upgrades, Wet
Compression  (WetC), and Advanced
Compressor Cleaning (ACCPro).
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