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Abstract— Nowadays Energy crisis due increasing energy 

demand, Global Warming as a result of greenhouse gas 

emission are biggest problem all over the world. Energy 

efficient system can be useful for matching the energy 

demand and for controlling the greenhouse gas emission. 

Combined heating and power generation (CHP) known as co- 

generation system and combined cooling, heating and power 

generation (CCHP) known as Tri-generation system can 

contribute to controlling greenhouse gas emission as well as 

also help re- utilizing waste heat energy cogeneration and tri 

generation system provide higher energy efficiency than 

conventional system without creating any extra pollution in 

environment. Use of Cogeneration and tri- generation system 

make use of waste heat from primary system which decrease 

the demand of fossil fuel and improve primary energy 

generation and utilization system. 
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I. INTRODUCTION 

A. Why co-generation and tri-generation? 

 
Fig. 1: Co-generation system 

Co-generation is basically the production of energy and 

usable heat (generally in the form of steam and hot water) in 

the same plant, usually by capturing heat that in older plants 

used to be simply wasted. With help of co-generation system 

plants can also use waste fuels and this varied Tri-generation 

or combined cooling, heat and power (CCHP), is the process 

by which some of the heat produced by a cogeneration Plant 

is used to generate chilled water for air conditioning or 

refrigeration. An absorption excitation is connected to the 

combined heat and power (CHP) to produce this practicality. 

[1] 

B. Types of Cogeneration Power Plants 

There are two types of power plants as shown in figure.2 

 
Fig. 2: Co-generation system 

C. A Topping Cycle 

In this sort of intensity plant, in the event that the provided 

fuel is utilized first for producing power, at that point, 

subsequently in the method it creates heat energy. This 

energy is for the most part utilized for fulfilling procedure 

heat generally other heat supplies. This sort of cogeneration 

is the most prevalent just as the generally utilized 

cogeneration framework. A toping cycle power plants are 

fundamentally grouped into three kinds. 

1) Combined Cycle CHP Plant 

2) Steam Turbine CHP Plant 

3) Gas Turbine 

1) Combined Cycle CHP Plant 

 
Fig. 3: combined cycle 
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A combined cycle CHP as shown figure 3 plant mostly 

includes a diesel motor generally a gas turbine which 

produces electrical power or mechanical power followed 

through a heat improvement framework which is valuable in 

creating steam just as drives a resultant steam turbine. [2]. 

2) Steam Turbine CHP Plant 

Steam turbine CHP plant is utilized to produce electrical 

power and procedure vapor through consuming coal for 

creating high power vapor, which is a short time later 

concurred by a steam turbine for producing the required 

power, and after that the exhaust vapor is utilized as low power 

technique steam to heat up water proposed for an assortment 

of purposes. 

 
Fig. 4: Steam turbine 

3) Gas Turbine 

In this gas turbine CHP plant, a typical gas turbine is utilized 

to drive a generator for power generation. The turbine exhaust 

is provided to heat exchanger to extract or utilize heat of 

exhaust gases. 

 
Fig.5 Gas Turbine 

4) Bottoming Cycle System 

In a bottoming cycle CHP plant, the primary fuel is used for 

creating heat energy at a high- temperature. The waste heat is 

utilized in running evaporator and a turbine generator. 

Nowadays, this sort of plants is widely utilized in boilers, as 

it rejects heat at extremely high temperature. 

5) Tri-generation 

Tri-generation is the combination of cooling, heating and 

power generation from just one fuel input. CCHP is useful 

wherever cooling is priority as compared to power 

generation and heating. In CCHP waste heat, is provided to 

absorption chillers and boilers for space cooling, high temp 

water and related purposes. India's developing access to 

petroleum gas, a tri- generation contribution for Tri-

generation system and the cleanest consuming hydrocarbon, 

will extraordinarily empower more extensive reception of 

Tri-generation. Basic schematic diagram 

 
Fig. 6: Tri-generation 

6) Stirling engines 

Right now being worked on, a Stirling motor (SE) is an outer 

ignition heat motor working on Stirling cycle that encases a 

fixed amount of for all time Gaseous working liquid like air 

or helium [3]. In run of the mill SEs, about 30% of the heat 

information is changed over to electric power and the rest is 

rejected to the cooling framework and exhaust gases. With 

appropriate heat have, they can accomplish CCHP heat 

efficiencies moving toward 80% [2] [3]. 

7) Heat recovery unit 

Heat recovery is hardware is utilized in CCHP system to 

catch heat energy rejected from exhaust gas streams, fluid 

coolant circuits, or different sources and put it in a valuable 

energy process. In this way decrease in fuel utilization is seen 

and it also increases energy efficiency of system. They are for 

the most part made out of heat exchangers that vary in sort as 

indicated by the required application. Basic heat recovery 

units execute as heat exchangers by moving heat energy from 

one system to another. [4]. 

 
Fig. 7: heat recovery unit 

8) Unfired heat recovery units 

The unfired heat-recovery units are utilized in CCHP 

applications to utilize waste heat from prime mover. These 

units are eco-friendly nonpolluting as they do not require fuel 

to generate energy. These units can be one the following: heat 

exchangers, unfired heat-recovery steam generators (HRSG), 

mufflers and regenerators [5]. 

9) Fired recovery units 

Fired recovery unit’s serves two crucial jobs in CHP 

applications. This unit can utilize heat extracted for heating 

source and combustion system. Basically there are two types 

of fired heat-recovery units are commonly used in industrial 

sector for CHP applications. These units are called as ICI 

boilers and supplementary fired HRSGs. [6]. 

10) Absorption chiller 

An Absorption chiller is a cooling machine that utilizations 

heat as the essential energy source. It is delegated roundabout 

terminated, heat recovery or direct terminated units. The 

backhanded terminated ingestion chiller uses steam or boiling 

water to deliver a cooling impact (Fig.6). The heat recovery 

type uses gases as opposed to steam and high temp water as a 
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heat source and can be viewed as another sort of backhanded 

terminated assimilation chiller. Direct-terminated Absorption 

chiller combusts fuel in burners to create the required heat. It 

utilizes this heat in the heat exchanger of the safeguard 

generator part. Roundabout terminated chillers are 

appropriate for CCHP applications being accessible 

insufficiencies going from 100 to 1500 tons (Oland, 2004) 

[6].Single-organize Absorption chillers can work on low 

temperature heated water or low-weight steam (0.8 to 1bar). 

They normally use LiBr–water pair in applications that don't 

require activity beneath 0°C since the water would solidify. 

Something else, water–smelling salts blend would be utilized. 

However, progressively productive twofold and triple-

organize ingestion chillers require higher temperature and 

weight levels [7] [8]. 

II. LITERATURE 

This paper deals with the research of CHP and CCHP 

techniques of multi-generation technologies and who they 

can be accepted in the necessary location, such as in the 

energy industry, which will have a major effect on both the 

manufacturing and environmental sectors. 

  This multi-generation system is helpful to meet the 

excess energy requirements and recover the waste energy. As 

energy efficiency is an important aspect that needs to be 

focused on "Future generations' affordable, safe, sustainable 

and clean energy system" [2] 

A. Applications CHP and CCHP 

This Technology applies not only to industrial applications, 

but also to residential applications. Various applications such 

as Chemical, Cement, Pulp and Paper, Metallurgy, Heavy 

Processing (food, textile, timber, minerals), Brewing, Coke 

Ovens, Glass Furnaces, Palm Oil Refining, Agro Sector, 

Dairy, Sugar Industry. In the service industry, such as light 

production, Hotels, hospitals, large urban office buildings, 

farming operations also for space cooling and heating for 

heat-reaching buildings, including office buildings, hotels, 

individual houses, campuses, airports, industry. Cogeneration 

and tri- generation enhance energy, decrease CO2 emissions. 

Considering all of these prospective benefits of CHP and 

CCHP technologies, it should not be overlooked and 

embraced wherever relevant in terms of heating, cooling and 

electrical requires. The promotion of such energy and eco 

effective techniques would therefore contribute to self-

sustainability in the industrial sector. [2] [3] 

 Tri-generation: Benefits and India pertinence 

Accumulating cross-scrotal request, Tri-generation has a 

capability of more than 20,000 megawatts in India. Most 

important to locales where power, heating and cooling are 

altogether required constantly, Tri-generation is perfect for 

information centers, modern foundations, colleges, 

emergency clinics, schools, lodgings, air terminals, and 

shopping centers. [9] [10] 

III. CONCLUSION 

In this we are study multi-generation technology 

cogeneration trigeneration. This review paper present 

benefits and advantages generations that could be obtained 

from such execution in relation to distinct end-users are then 

indicated. Then CHP / CCHP is categorized and classified by 

big, small, and micro-systems, which can be either top or 

bottom cycles. Also various parameters are studied by various 

researchers on what basis cogenerations and trigenerations 

system are selected for better performance .These include 

steam turbines, gas turbines, micro-turbines, inner 

combustion motors, organic cycles of Rankine, Stirling 

engines, and various kinds of fuel cells. A selection table is 

therefore suggested to make a suitable decision for multi-

generation installation, based on particular case study 

measures. According to this review, dominant tri-generation 

systems surveys consider primary movers of steam turbines 

and gas turbines to generalize. Cogeneration studies also 

dominate when considering combined cycle gas turbine, 

Stirling motor, and various primary fuel cell movers with the 

exception of solid oxide fuel cells. Fair studies on micro-

turbine, combustion engine, organic Rankine cycle, and 

strong oxide fuel cell primary movers are available on both 

cogeneration and tri-generation. However, almost all studies 

agree that energy is enhanced by multi-generation techniques 

of cogeneration and trigeneration system. 
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