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Abstract. Rising awareness for the environment as well as concerns over the sustainability of fossil fuels 
has encouraged developed and developing countries to find alternative ways to enhance the thermal efficiency 
of current power systems. The thermal efficiency of power plants can be increased from 30 – 40 % up to 80 
– 90 % through the implementation of a trigeneration system by recovering dissipated waste heat for other 
purposes. The trigeneration system can be defined as a technology that can produce simultaneous power, 
heating, and cooling energy from the same fuel source. Trigeneration System Cascade Analysis (TriGenSCA) 
methodology is an optimisation approach based on Pinch Analysis that has been used to establish the 
guidelines or the proper size of the trigeneration system. This paper proposes a modification of TriGenSCA 
by considering a multi-period of energy consumption to optimise the size of the utility in the centralised 
trigeneration system by considering the transmission and storage of energy losses in the Total Site system. 
There are six steps involved including data extraction, identification of time slices, Problem Table Algorithm 
(PTA), Multiple Utility Problem Table Algorithm (MU PTA), Total Site Problem Table Algorithm (TS PTA), 
and modified TriGenSCA. The methodology has been tested on the centralised nuclear trigeneration system 
in a Total Site System as a case study and results shown that thermal energy needed by the Pressurized Water 
Reactor (PWR) trigeneration system with transmission losses is 2,427 MW whereas thermal energy needed 
by the PWR trigeneration system without transmission losses is 2,424 MW. The TriGenSCA with 
consideration of transmission and storage energy losses is useful for engineers and designers to determine the 
exact value of energy for trigeneration plant. 

1 Introduction  
Rapid technological advancement and rising population 
growth have led to an increase in energy consumption 
worldwide. As conventional fossil fuels continue to 
dominate the energy supply, the threat of fossil fuel 
depletion and global warming also rises. The World 
Energy Council [1] has an estimated escalation of total 
primary energy by 21% from 2020 to 2040. Improving 
thermal efficiency in existing systems is one way to 
conserve energy; i.e. by using waste heat for other 
applications such as seawater desalination, district heating 
and cooling. In this context, trigeneration appears as a 
suitable technology because it can supply power, heating 
and cooling energy from the same source of fuel. As stated 
by Wu and Wang [2], the thermal efficiency of the current 
system can be improved from 30 – 40% to 80 – 90% 
through the use of the trigeneration system. 

Optimisation on trigeneration system has been 
progressively developed, mainly in simulations. A new 

methodology has been proposed by Cardona and 
Piacentino [3] to select and manage a trigeneration system 
based on heat and cool energy demands obtained from 
several European hotels. Plura et al. [4] made 
comparisons between different chillers as it is integrated 
with a trigeneration system. Rong et al. [5] optimised a 
trigeneration system with storages by using the 
Lagrangian relaxation-based algorithm. The carbon 
emissions from the Organic Rankine Cycle trigeneration 
system is analysed by Al-Sulaiman et al. [6]. Bracco et al. 
[7] have developed an optimal design of the distributed 
trigeneration method based on mixed-integer linear 
programming. Gue et al. [8] developed a trigeneration 
method via fuzzy linear programming to perform a price 
sensitivity analysis. The optimal sizing of trigeneration 
system in the Total Site system has been developed by 
Jamaluddin et al. [9] through Pinch Analysis (PA) 
methodology, and recently, Jamaluddin et al. [10] have 
developed a new numerical-based PA method for batch 
industrial processes as energy variations at demands site.  
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However, the previous study that was developed by 
Jamaluddin et al. [10] did not consider energy losses due 
to the transmission system. This paper proposes a 
modified Trigeneration System Cascade Analysis 
(TriGenSCA) by considering energy losses due to 
transmission and storage systems as well as multi-period 
energy demands to optimise the sizing centralised 
trigeneration system utilities. Implementation of this 
comprehensive approach by considering transmission and 
storage energy losses may give users the advantage of 
determining the exact energy requirements which are 
closer to the actual trigeneration system, as well as 
minimising the power, heat and cool energy requirements 
of the utility and the Total Site system in demand 
fluctuations. 

2 Methodology and Case Study 

This paper extends the insight-based numerical method 
developed by Jamaluddin et al. [10] to evaluate the 
optimal size of the centralised trigeneration system for the 
integration of Total Site Cooling, Heating and Power 
(TSCHP) in a variety of energy consumption. The overall 
methodology can be categorised into six steps which are 
data extraction, construction of time slices, Problem Table 
Algorithm (PTA), Multiple Utility Problem Table 
Algorithm (MU PTA), Total Site Problem Table 
Algorithm (TS PTA), and modified TriGenSCA. The 
trigeneration system is incorporated into a Pressurized 
Water Reactor (PWR) nuclear power plant to generate 
power, heat and cool energy simultaneously for demand 
requirements. The PWR is chosen because it is zero 
carbon emission and able to produce continuous energy in 
a day. 

Uranium-235 is used as a fuel in the PWR to 
produce enormous energy for the generation of Very 
High-Pressure Steam (VHPS). The PWR trigeneration 
system produces VHPS from fission processes in the 
centre of the primary loop, which is then transferred to the 
secondary loop via a steam generator heat exchanger. The 
average VHPS temperature is about 300⁰C [11]. The 
temperature of the VHPS is sufficient to supply power to 
the double extraction turbine and low-pressure steam such 
as the High-Pressure Steam (HPS) and Low-Pressure 
Steam (LPS) generations by the use of the Moisture 
Separator Reheater (MSR). The MSR is used to superheat 
the steam and remove moisture in the steam. Excess HPS 
and LPS will supply more power on demand by 
condensing it in the condensing turbine. The VHPS can 
also be converted into HPS and LPS through the relief 
valve. The condenser is installed to produce hot 
water (HW) to be supplied directly to the demand needs 
or recycled back to the steam generator for steam 
generation. Cooling Water (CW) is generated from the 
cooling tower via the HW evaporation process. On the 
other hand, chilled water (ChW) is produced by the 
absorption refrigerator. Further process of developing 
CW and ChW can be referred to Jamaluddin et al. [10]. 
Excess energy can be retained in storage facilities and 
discharged during energy deficits. The lead-acid battery is 
used as power storage, whereas the thermochemical 

energy storage system is used for storing heating and 
cooling energy. In this case study, the assumptions made 
are: 
1. The overall thermal efficiency is 10% [2]. 
2. Energy loss from power and thermal storage 

systems is considered. The capacity of the lead-
acid battery used for charging power [12] and the 
inverter [13] is estimated to be 90%. The discharge 
capacity of the lead-acid battery is 85% [12]. For 
the thermal storage device, thermochemical 
storage is used for charging and discharging up to 
58% [13].  

3. Energy conversion is considered in the study where 
the efficiency of the double extraction turbine, 
condensing turbine [14], condensation system [15], 
cooling tower and absorption chiller [16] is 
assumed to be 30%. 

2.1 Data Extraction 

In the first step, the supply of energy sources for the 
centralised trigeneration system and the demand from 
industrial plants are extracted according to the time of 
operations. The data extraction is divided into two parts 
which are the power part and the heating/cooling part. To 
illustrate the suggested approach, two industrial plants 
power demand data are taken from works of literature 
which are shown in Figure 1 [17]. For the power 
generation in PWR as a trigeneration system, the 
preliminary assumption for initial power in PWR is at a 
maximum turn-down ratio of 600 MWe. The maximum 
turn-down ratio is known as the full-scale capability of the 
PWR trigeneration system. The double extraction turbine 
efficiency is assumed to be 30% [14], and hence, the total 
thermal energy needed for the maximum turn-down ratio 
in trigeneration PWR is 2,000 MWth. The separation of 
total thermal energy is assumed to be (1) 600 MWe for 
power; (2) 50 MW for HPS; (3) 150 MW for LPS; (4) 250 
MW of HW; (5) 200 MW for CW and (6) 50 MW for 
ChW. 

 

Fig. 1. Power variations for Plants A and B in continuous 24 h 
operations [17] 

For the heating/cooling part, several data are needed 
which includes supply temperatures, target temperatures, 
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minimum flow rate heat capacity, the time interval for 
each stream and the minimum temperature difference 
between processes (∆𝑇𝑇𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝). Tables 1 and 2 show the 
stream data in the two industrial plants, namely Plants A 
and B. The stream data are obtained from Jamaluddin et 
al. [10]. Shifted cold temperature for process streams is 
determined.  The temperature of the cold streams is added 
by half of the value of minimum temperature between 
processes (∆𝑇𝑇𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝/2), whereas the temperature of the 
hot streams is subtracted by half of the value of 
∆𝑇𝑇𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝/2. In this case study, the values∆𝑇𝑇𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 of 
Plants A and B are assumed to be 20⁰C and 10⁰C. Multiple 
utility temperature levels are shown in Table 3. The 
transmission data are also needed to determine energy 
losses due to transmission. Table 4 shows the data 
required for transmission.  

Table 1. Stream data for Industrial Plant A with ∆𝑇𝑇𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 
20⁰C (obtained from Jamaluddin et al. [10]) 

Strea
m 

Ts 
(⁰C) 

Tt 
(⁰C) 

 
(MW) 

mCP 
(MW
/⁰C) 

Ts’ 
(⁰C) 

Tt’ 
(⁰C) 

Time 
(h) 

C1 
Hot 85 5 600 10 75 15 06-

17 

C2 
Hot 80 40 400 10 70 30 06-

17 

C3 
Hot 41 38 105.3 35.1 31 28 20-

06 

C4 
Cold 25 65 23.6 0.59 35 75 20-

06 

C5 
Cold 55 65 25.8 2.58 65 75 00-

24 

C6 
Cold 33 60 6.48 0.24 43 70 06-

17 

C7 
Cold 25 60 77 2.2 35 70 20-

06 

C8 
Cold 30 240 29.4 0.14 40 250 06-

17 

C9 
Cold 25 28 150 50 35 38 06-

17 

C10 
Cold 30 100 59.5 0.85 40 110 00-

24 

C11 
Cold 5 50 315 7 15 60 06-

17 

C12 
Cold 21 200 8.95 0.05 31 210 00-

24 

2.2 Identification of Time Slices 

The time slices are described as temporal variations in 
demand streams. The energy requirements at the 
manufacturing site are time-dependent when batch 
processes are incorporated. However, energy variations 
are more significant if other buildings are included in the 
Total Site System. The time frame can be represented as 
a time interval with relatively constant energy variation. 
Based on the case study, the time slices of hot and cold 
streams are defined in three parts of 20 – 06 h (TSL 1), 06 
– 17 h (TSL 2) and 17 – 20 h (TSL 3). 

Table 2. Stream data for Industrial Plant B with ∆𝑇𝑇𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 
10⁰C (obtained from Jamaluddin et al. [10]) 

Strea
m 

Ts 
(⁰C) 

Tt 
(⁰C) 

 
(MW) 

mCP 
(MW
/⁰C) 

Ts’ 
(⁰C) 

Tt’ 
(⁰C) 

Time 
(h) 

C1 
Hot 85 5 600 10 75 15 06-

17 
C2 
Hot 80 40 400 10 70 30 06-

17 

Table 3. Multiple site utility temperatures 
Utility Temperature (⁰C) 

High-pressure steam 
(HPS) 240 

Low-pressure steam 
(LPS) 150 

Hot water (HW) 50 
Cooling water (CW) 20 
Chilled water (ChW) 10 

Table 4. Data required for transmission energy losses 
Parameters Data 

Estimated length of transmission for 
power and thermal energy 10 km 

Type of insulator for thermal pipeline Calcium silicate 
Diameter for carbon steel for heating 

pipeline [18] 0.1 m 

Diameter for stainless steel for cooling 
pipeline [18] 0.1 m 

Heat dissipating capacity of heating 
pipeline per unit area [19] 350 W/m2 

Heat dissipating capacity of cooling 
pipeline per unit area [19] 420 W/m2 

Aluminium 
Cable Steel 

[20] 

Resistance 98.1 mΩ/km 
Carrying current capacity 840 A 

Temperature 75⁰C 

2.3 Construction of Problem Table Algorithm 
(PTA) 

The development of PTA by Linnhoff and Flower [21] is 
used to obtain Pinch Point temperature and minimum 
external heating and cooling energy. The PTA has an 
advantage because it can give more accurate values as 
compared with GCC. The PTA is constructed in every 
part of each plant, and the details of the construction can 
be found in the works of Linnhoff and Flower [21]. 

2.4 Construction of Multiple Utility Problem 
Table Algorithm (MU PTA) 

Extension of PTA was developed by Liew et al. [22] to 
determine target potential sources and sinks of multiple 
utility levels in TSCHP. The method is called MU PTA, 
and the details of the construction of MU PTA can be 
referred to Liew et al.’s [22] work. In this case study, the 
minimum temperature difference between utility and 
process of Plants A and B are assumed 10⁰C and 5⁰C. 

2.5 Construction of Total Site Problem Table 
Algorithm (TS PTA) 

TS PTA has been developed by Liew et al. [22] to obtain 
the total number of utilities that can be shared between 

H∆

H∆
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processes. The design of the TS PTA is performed in 
every part of the time slice. Further guidance on the design 
of the TS PTA can be found in the work of Liew et al. 
[22]. 

2.5 Construction of Modified Trigeneration 
System Cascade Analysis (TriGenSCA) 

Jamaluddin et al. [10] have established a new 
methodology for minimising the targeting of power, 
heating and cooling as well as maximising the efficiency 
of the trigeneration system. Previously, the method only 
considers energy losses due to the charging and 
discharging of storage systems in the study. The method 
is modified by including energy transmission losses as 
well in the TriGenSCA. There are three major steps in the 
production of TriGenSCA, which are the cascade 
analysis, the estimation of the new size of utility in the 
trigeneration system and the percentage change between 
the current and the previous size of utility in the 
trigeneration system. 

2.5.1 Cascade Analysis 

In the first step, cascade analysis is constructed to 
determine the estimated utility sizing in the trigeneration 
system. The cascade analysis can be performed as 
presented below: 
1. Times in 24 h operations with 1 h interval are shown 

in Column 1. 
2. The power, heating and cooling generations from the 

centralised trigeneration system are shown in 
Column 2. Column 3 described the availability of 
energy after considering transmission losses. The 
availability of power from energy losses due to 
transmission is calculated by using Equation (1) 
whereas Equation (2) calculates the availability of 
thermal energy after transmission energy losses. A 
carbon steel pipeline is used the transfer the heat from 
the centralised trigeneration system to the industrial 
plants. On the other hand, stainless steel pipeline is 
used to transfer the cool to the industrial plants. 

    Wpower = Epower –(RT×I2×L)       (1) 

Where Wpower = Available power after transmission 
energy losses in MW; Epower = Power generation in MW; 
RT = Resistance in mΩ/km; I = Carrying current capacity 
in Ampere; L = length of transmission in m. 

   Wheat/cool  = Eheat/cool – (π×D×L×qc)      (2) 

Where Wheat/cool = Available heat/cool energy after 
transmission in MW; Eheat/cool = Heat/cool energy 
generation in MW; D = Diameter of heat/cool pipelines in 
m; qc = Heat/cool dissipating capacity per unit area in 
MW/m2. 

3. Column 4 presents the energy demands from 
industrial plants. The power demands in Column 4 
are obtained from the summation of power 
requirements in Step 1 (cumulative from Figure 1). 

On the other hand, the heating and cooling energy 
demands are obtained based on the TS PTA results 
from Step 5. 

4. The net energy requirement in Column 5 is 
determined by subtracting available energy from 
Column 3 with energy demands from Column 4. This 
represents the generations of available energy 
supplied to the energy demands at the respective time 
intervals. The positive value in Column 5 represents 
the energy surplus, whereas the negative value 
represents the energy deficit. 

5. Column 6 introduces the new net energy requirement, 
which is accomplished by transferring any excess 
energy at higher utility temperatures to lower 
deficit utility temperatures. For example, a surplus of 
10.98 MW of HPS can be converted into LPS energy 
from 18 to 20 h intervals through a relief valve. 
Hence, the deficit LPS energy is reduced from 66.71 
MW to 55.73 MW.  

6. The charging and discharging energy losses are 
considered in Column 7. The lead-acid battery is used 
as a power storage system, whereas thermochemical 
is used as thermal storage systems. As stated by Luo 
et al. [12], the charging and discharging efficiencies 
of a lead-acid battery are assumed to be 90% and 
85%. Inverter efficiency is also added in the analysis, 
where it is assumed to be 90% [13]. The inverter is 
used to change AC to DC and vice versa. The 
charging and discharging thermochemical storage 
system, on the other hand, are assumed to be the 
same, which is 58% [13]. Surplus energy (shown in 
positive value) can be stored in the storage system, 
and the energy can be discharged from the storage 
system as the energy is in deficit. The calculation of 
surplus power is considered by multiplying it with 
charging and inverter efficiencies. The surplus heat 
and cool energy are considered by multiplying it with 
charging efficiency. The deficit power, on the other 
hand, is divided into discharging and inverter 
efficiencies. Deficit heat and cool energy are divided 
into discharging efficiency.  

7. The cumulative energy is presented in Column 8. This 
means that the excess energy is retained in the storage 
systems at the time interval and will be used again in 
the subsequent time. The initial energy start-up is 
considered to be zero. Surplus energy accumulates 
from the highest to the lowest time intervals. 
Equation (3) is used to measure the cumulative 
amount of energy. The negative values in Column 8 
indicate the energy shortage where the positive 
values indicate surplus energy. The highest negative 
value in this column represents the most energy 
deficits needed by the system. 

    Ei+1 = Ei + Echarging/discharging       (3) 

Where Ei+1 = Cumulative energy for the next time interval 
in MWh; Ei = Cumulative energy at the current time 
interval in MWh; Echarging/discharging = Charging/discharging 
energy in MWh. 
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8. Column 9 presents the new cumulative energy 
calculated using Equation (3). The highest negative 
value in Column 8 is converted as a positive value 
and, as the initial cumulative energy, represents the 
external energy needed in the storage tank to supply 
the demand. The surplus energy stored in the storage 
tank can be collected from the last row of the board. 
The excess energy in the last row can be moved to the 
next day to offset the external energy required. 

Based on the final cascade analysis, the initial cumulative 
energy for power is 183 MWh, HPS is 19.07 MWh, LPS 
is 308.32 MWh, HW is 0.61 MWh, and CW is 43.97 
MWh. The initial cumulative energy for ChW is in zero 
value. The excess energy available for power is 183.16 
MWh, HPS is 19.11 MWh, LPS is 308.54 MWh, CW is 
44.57 MWh, and ChW is 0.23 MWh. The excess HW 
available for the next day is in zero value. Table 5 shows 
the simplification of the final cascade analysis iteration. 

Table 5a. The simplified final iteration of cascade analysis 
Time Generation (MW) 

Power Heat Cool 
HPS LPS HW CW ChW 

       
1 409.4 14.33 342.64 235.25 42.88 0.45 
 . . . . . . 

24 409.4 14.33 342.64 235.25 42.88 0.45 
       

Table 5b. The simplified final iteration of cascade analysis 
Time Available energy (MW) 

Power Heat Cool 
HPS LPS HW CW ChW 

       
1 408.7 13.98 342.29 234.9 42.46 0.03 
 . . . . . . 

24 408.7 13.98 342.29 234.9 42.46 0.03 
       

Table 5c. The simplified final iteration of cascade analysis 
Time Demand (MW) 

Power Heat Cool 
HPS LPS HW CW ChW 

       
1 275 3 190.5 151.2 105.3 0 
 . . . . . . 

24 0.03 275 3 190.5 151.2 105.3 
       

Table 5d. The simplified final iteration of cascade analysis 
Time Net heat requirement (MWh) 

Power Heat Cool 
HPS LPS HW CW ChW 

       
1 133.7 10.98 151.79 83.7 -62.84 0.03 
 . . . . . . 

24 133.7 10.98 151.79 83.7 -62.84 0.03 
       

 

 

 

Table 5e. The simplified final iteration of cascade analysis 
Time New net heat requirement (MWh) 

Power Heat Cool 
HPS LPS HW CW ChW 

       
1 133.7 10.98 151.79 0 -4.25 0.03 
 . . . . . . 

24 133.7 10.98 151.79 0 -4.25 0.03 
       

Table 5f. The simplified final iteration of cascade analysis 
Time Charging and discharging energy (MWh) 

Power Heat Cool 
HPS LPS HW CW ChW 

       
1 108.3 6.37 88.04 0 -7.33 0.02 
 . . . . . . 

24 108.3 6.37 88.04 0 -7.33 0.02 
       

Table 5g. The simplified final iteration of cascade analysis 
Time Cumulative energy (MWh) 

Power Heat Cool 
HPS LPS HW CW ChW 

 0 0 0 0 0 0 
1       
 108.3 6.37 88.04 0 -7.33 0.02 

24 . . . . . . 
 0.16 0.04 0.21 -0.61 0.61 0.23 

Table 5h. The simplified final iteration of cascade analysis 
Time New cumulative energy (MWh) 

Power Heat Cool 
HPS LPS HW CW ChW 

 183 19.07 308.32 0.61 43.97 0 
1       
 291.3 25.43 396.36 0.61 36.64 0.02 

24 . . . . . . 
 183.2 19.11 308.54 0 44.57 0.23 

2.5.2 Calculation of New Size of Utility in the 
Trigeneration System 

The new size of the utility in the trigeneration system 
needs to be measured in such a way that the energy 
difference between the initial energy and the final energy 
can be reduced. Minimising energy differences between 
initial energy and final energy will reduce costs as well as 
environmental energy dissipation. The new size of the 
utility in the trigeneration method is determined using 
Equation (4). Two conclusions can be drawn from the 
results of the study. First, the energy capacity needs to be 
increased if the final energy is less than the initial energy. 
Second, the utility capacity becomes overloaded if the 
final energy becomes greater than the initial energy. By 
using Equation (4), power, HPS, HW, CW and ChW are 
reduced from 600 MW to 435.02 MW, from 50 MW to 
48.6 MW, from 250 MW to 143.59 MW, from 200 MW 
to 143.59 MW and from 50 MW to 25.24 MW. The sizing 
utility of LPS, on the other hand, need to be increased 
from 150 MW to 345.12 MW. 

   Seq(new) = Seq – (Efinal – Einitial)/T      (4) 

5

E3S Web of Conferences 287, 03014 (2021)	 https://doi.org/10.1051/e3sconf/202128703014
ICPEAM2020



 

Where Seq(new) = New sizing utility in trigeneration system 
in MW; Seq = Previous sizing utility in trigeneration 
system in MW; Efinal = Available energy for the next day 
in MWh; Einitial = Minimum outsourced energy supply in 
MWh; T = Time in h. 

2.5.2 Percentage change between new and previous 
sizes of utilities in the trigeneration system 

The percentage change shown in Equation (5) is used to 
reduce the energy gaps between the minimum outsourced 
energy supply to start up the system and available energy 
for the next day. Reducing energy gaps will give the 
trigeneration system an optimal size of utilities. Ho et al. 
[23] set a value of 0.05% as a threshold for the precision 
of the results. An iteration process is used in this step and 
will stop if the percentage change values for power, 
heating and cooling are below or at 0.05%.  

Based on the first iteration, percentage changes for power 
is 27.5%, HPS is 2.8%, LPS is 130.08%, HW is 26.17%, 
CW is 28.21% and ChW is 49.52%. The calculation stops 
at 36th iterations since all percentage changes of utilities 
are less than 0.05%. Based on the final iteration, the new 
power, HPS, LPS, HW, CW and ChW in the trigeneration 
system are 409.4 MW, 14.33 MW, 342.64 MW, 235.28 
MW, 42.86 MW and 0.45 MW. 

   P = (Seq(new) – Seq)/Seq × 100%      (5) 

Where P = Percentage change between new and previous 
sizing of utilities in the trigeneration system; Seq(new) = 
New sizing utilities in trigeneration system in MW; Seq = 
Previous sizing utilities in trigeneration system in MW. 

3 Conclusions 
A modified numerical method based on Pinch Analysis 
called TriGenSCA by considering transmission and 
storage energy losses have been developed to determine 
the exact value of required energy by the centralised 
trigeneration system to supply to the demands. Energy 
losses due to frictional in the transmission lines as well as 
charging and discharging of energy into and out of storage 
systems are considered. A comparison has been made 
with the same case study of the trigeneration system 
without considering transmission energy losses. An 
additional 3 MW or 0.1% of energy is required by the 
trigeneration system to supply sufficient energy to meet 
the demand needs. The TriGenSCA will give an optimum 
utility size in the trigeneration system by reducing the 
energy differences between the final and the initial energy 
value of the trigeneration system. 
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