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Abstract. The purpose of the paper is to study and analyze the possibility of increasing the power output of 

a combined-cycle gas turbine (CCGT) unit during the period of positive ambient temperatures. The first task 

is to analyze the operation of a 110 MW combined-cycle power unit at various ambient temperatures and to 

obtain alterations in the main CCGT characteristics when the ambient temperature changes. The other task 

is to study the usage of an absorption refrigeration machine in a CCGT cycle to increase its energy 

efficiency. Calculations of the thermal scheme of a gas turbine were carried out using mathematical 

modeling, the steam turbine was calculated based on guidelines. The conducted studies allow to conclude 

that the use of an absorption refrigeration machine in the cycle of a combined-cycle plant can improve the 

efficiency of the unit, increasing profits from power generation, and reducing penalties for non-compliance 

with the load schedule. 

1 Introduction 

The problem of obsolescence and physical aging of the 

power equipment park is very relevant today. 

Reconstruction and commissioning of new equipment 

for thermal power plants should be carried out using new 

technological solutions and new technologies. The 

energy strategy of the energy sector up to the year 2030 

includes commissioning of new natural gas power units 

of combined-cycle gas turbine plants with capacities of 

100, 200, and 450 MW. Gas turbine engines are 

currently widely distributed in combined-cycle power 

units when modernizing and replacing the equipment of 

power plants. [1] 

The advantages of a CCGT (high efficiency, low cost 

per unit of installed capacity, short construction time, 

lower water consumption per unit of generated 

electricity, compact size, faster start-up), if used in 

thermal power plants (TPP) modernization or 

construction of new stations, can be considered as one of 

the stages of increasing station maneuverability. 

However, given one of the drawbacks of the CCGT 

which is seasonal power limitations (maximum 

performance during winter) and the fact that a reasonable 

and proper choice of the power installed by the CCGT 

and its auxiliary equipment is necessary, it makes it 

difficult to increase station maneuverability only by the 

CCGT. 

Currently, all power units of the CCGTP operate in 

wholesale electricity markets and capacity markets, 

where it is necessary to carry out a planned dispatch 

schedule set by a system operator. In case of deviation 

from a specified load by an amount exceeding 2% of the 

declared maximum on-power but not less than by 1 MW 

at the end of an hour for more than 4 consecutive hours 

and when this deviation is not related to the 

disconnection of the generating equipment, the 

corresponding decrease in maximum power is recorded 

for all hours. [2-4] 

The purpose of this paper is to study and analyze the 

possibility to increase the power output of a combined 

cycle-gas turbine (CCGT) unit during periods of positive 

ambient temperatures. 

2 Materials and methods 

The article describes an example of CCGTP-220, 

consisting of two 110 MW units, each of which consists 

of a PG6111FA type gas-turbine unit (GTU) from “GE 

Energy” (the main characteristics of the gas turbine 

installation are presented in Table 1) with a rated power 

of 77 MW, a stationary KT-33/36-7.5/0.12 cogeneration 

steam turbine with adjustable heating steam extraction, 

an E-114/16-8.1/0.7-535/218-3.8vv type waste-heat 

recovery boiler (WHRB) and necessary accessories to 

them. 

Technological constraints on power generation of 

power plants have a great influence on economic activity 

of electric power companies. These restrictions are 

associated with performance deterioration of the main 

equipment with increase of ambient temperatures. [5-7]. 

There are several steps that can be taken to remove or 

alleviate these restrictions. 

In articles [8-9], water injection into a gas turbine 

compressor is considered and results in an increase in 

power production. This supply of additional working 
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fluid is caused by a number of problems, such as the 

possible ingress of water droplets in the flow part of the 

compressor and modernization of the Air Filtering and 

Conditioning System (AFCS), steam supply to the flow 

part of the gas turbine. The steam expansion in a gas 

turbine occurs up to atmospheric pressure, while in 

steam turbines the expansion occurs up to a pressure of 

0.45-0.3 kPa, which leads to lower injection efficiency. 

Cascade air cooling in compressor is one of the most 

effective ways to increase the power of a gas turbine 

[10]. Implementation of this project is very expensive in 

practice, since apart from buying a large amount of 

auxiliary equipment, it is necessary to upgrade the flow 

section. One of the alternatives to injecting water or 

steam into the flow part is an injection of carbon dioxide. 

[11, 12] 

Change in temperature at the inlet to AFCS (figure 1) 

creates the main influence on power generation by a gas 

turbine unit. The lower the temperature is, the greater the 

load the gas turbine can take (i.e. deliver). At the same 

time, at a constant temperature in the combustion 

chamber the power production of the gas turbine plant 

increases and the efficiency increases. Therefore, the 

ambient air temperature also affects the opening angle of 

the input guide vane (IGV), the gas flow rate and the 

exhaust temperature. 

In order to reduce the impact of high temperature of 

the air compressed in the compressor on electricity 

generation by the combined-cycle gas turbine plant, it 

was proposed to apply pre-cooling of air before it enters 

the compressor. As a source of cold it is proposed to use 

absorption refrigeration machine. [13-17] 

The operational principle of an absorption 

refrigeration machine is based on certain properties of 

the refrigerant and absorbent, which provide heat 

removal, cooling and maintaining the required 

temperature conditions. 

At present, the industry widely uses absorption 

refrigeration machines to produce cold in an area of 

positive temperatures for various technological needs. 

The effectiveness of an ARM depends on parameters of 

external heat sources, temperature drops in the 

apparatus, cost of the new machine, amount of lithium 

bromide in heat exchangers, cost of a heating source 

(steam, hot water, natural gas combustion products) and 

other factors. 

An ARM can be connected to an AFCS heat 

exchanger in parallel with an anti-icing system. In winter 

time, when external air temperature is 0°С, the heat 

exchanger can operate in the air heater mode, placed 

before the compressor. In summer time, the anti-icing 

system is turned off, the air cooling system (from the 

ARM) that sits before the compressor is activated.  

A scheme was developed for the project with an 

installation of an ARM (figure 2) that can be 

implemented without changing the characteristics of the 

flow path. 

The coolant that circulates through the Air Filtering 

and Conditioning System heat exchanger is cooled in the 

evaporator of the absorption refrigeration machine 1. 

When the ARM is operating, electrical energy is 

consumed only for pump drives (a circulating water 

pump, a LiBr solution pump, an ethylene glycol pump). 

Steam is the main energy resource for generating cold. In 

the AFVS, air is prepared before it is supplied to the 

compressor 2 of the gas turbine 4, particularly filtered 

and cooled. The moisture generated by condensation of 

water vapor contained in the cooled air ends up as 

desalinated water, which is a valuable resource at the 

power plant and therefore is subject to collection and 

further beneficial use for own needs of the power plant. 

After leaving the compressor, the air enters the 

combustion chamber 3 where it is mixed with fuel, after 

the mixture of hot gases enters the gas turbine. After 

leaving the gas turbine, exhaust gases enter the waste 

heat boiler 5, where the energy of the gases is consumed 

to produce steam. The steam is sent to the steam turbine 

6 with the attached condenser 7 to condense the exhaust 

steam. The exhaust steam is then reintroduced to the 

cycle by the pump 8. Cooling water is supplied to the 

condenser from the cooling tower 9, designed for heat 

removal as well as low-potential “waste” thermal energy 

removal from the ARM, the volume of which is defined 

as the sum of heat from the heating steam and cooled air. 

 

Fig. 1. Relationship between the GTU's power and temperature at the compressor inlet. 

 

Fig. 2. Connection and operation scheme of the absorption refrigeration machine in the CCGT cycle (1 — an absorption 

refrigeration machine; 2 — a multistage compressor; 3 — a combustion chamber; 4 — a gas turbine; 5 — a waste heat boiler; 6 

— a steam turbine; 7 — a capacitor; 8 — a condensate pump; 9 — a fan cooling tower; 10 — a technical water pump; 11 — an 

Air Filtering and Conditioning System; 12 — a heat exchanger). 

 

Fig. 3. The dependence of the power of gas turbines on the ambient air temperature without an absorption refrigeration machine 

and with it at various values of humidity. 
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The ARM cools ethylene glycol supplied to the 

AFVS heat exchanger. During such work, energy is 

expended only on the operation of pumping equipment. 

In the AFVS, air is prepared at the compressor inlet, 

filtered from large and small particles. 

Two-factor characteristics allow: 

1) to determine the optimal mode of operation of the 

equipment under the terms of economical work; 

2) to predict changes in the output parameters of the 

gas turbine unit depending on the initial values; 

3) to determine the boundary conditions of the 

working range of loads. 

As a heating medium for the ARM, steam is used 

from the output of a steam turbine with a pressure of 

0.05 MPa, with a flow rate of the order of 10 tons per 

hour in nominal mode of operation. 

The ARM allows to regulate the cooling load 

necessary for cooling the air in front of the GTU by 

changing the amount of steam supplied to the ARM by 

the flow regulator in range from 40-100% of the nominal 

load of the GTU. The power expended by the ARM is 

calculated depending on the values of the temperature of 

the cooled air under given climatic conditions. 

Humidity is one of the important factors affecting the 

operation of a gas turbine with an ARM. With different 

humidity levels a different cooling effect is achieved 

(figure 3). 

3 Conclusion 

An integrated approach has been developed to solve 

problems of summer power limitation associated with a 

decrease in the generated power of a gas turbine. 

In order to reduce the effect of high temperature of 

compressible air on the electricity generation, it was 

proposed to apply pre-cooling of the air before it enters 

the gas turbine compressor. It is proposed to use an 

absorption refrigeration machine as a source of cold. The 

use of an absorption refrigeration machine in the cycle of 

a gas-steam plant does not imply changes to the design 

of the main equipment (turbine or gas turbine 

compressor), thereby minimizing both the costs and the 

time for modernization. 

As a result of the theoretical research, including 

mathematical modeling and selection of the type of 

absorption machine with regard to productivity, a flow 

chart of the installation of an ARM in the production 

cycle of a combined-cycle plant has been developed. 

The operation of the CCP power unit at constant 

temperatures at the inlet to the gas turbine allows: 

1) to work in the summer period under the schedule 

of loading without penalties; 

2) to operate at constant load while increasing the 

service life and reliability of the equipment; 

3) to improve the maneuverability of the unit and 

reduce the dependence on the outdoor temperature; 

4) with an ARM, to generate additional electricity, 

thereby obtain additional profit. 

In this case, it is possible to achieve load values of 

the GTU that are optimum for operating in the electricity 

market. With such capacities, the maximum efficiency of 

the combined-cycle plant and the minimum power 

consumption of the ARM are achieved when installed in 

a production cycle to increase the capacity of the GTU. 
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