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ABSTRACT

Industrial advancements in recent|years have led to a significant
increase in global energy consuimption. /Consequently, the
pollution resulting from thexse of fossilifuels to meet this energy
demand has become a pressingiissue. The utilization of biomass as
a renewable enerqgy source presents a'viable solution to mitigate
this problem. In gddition to biemass, solar energy has also
emerged as a dependable energy source that has been extensively
researched in recent times. This study proposes a combined heat
and power (GCHP) systemythat integrates four different systems -
biomassgmilk powder processing, refrigeration, and photovoltaic
panels to,generateelectricity, milk powder, and cooling capacity.
The'proposed system underwent optimization through a multi-
objective appreach to enhance its overall performance and
payback period time. The findings indicate that the payback
period. for the investment can be reduced to 3.82 years, with a
maximum cycle efficiency of 33 percent. These values can be
adjusted based on the relative importance of each factor. For
instance, if the payback period is extended to 4.8 years, the cycle
efficiency would decrease to 27 percent.

Keywords: SelarEnergy, Biomass, Photovoltaic Panel, Multi-Objective, Optimization.

1. Introduction

The rapid ‘imdustrial, economic, and societal
advancements, coupled with the increasing global
population, have led"to a surge in energy demand.
To address this/ever-growing need for energy,
there is a reliance on using more and more fossil
fuels. However, as fossil fuel reservoirs are finite
and expected to be depleted shortly, there is an
urgent need to explore and develop new energy
Furthermore,

sources and  systems.

environmental impacts resulting from the use of
fossil fuels, such as irreversible pollution,
necessitate a shift towards reducing emissions of
pollutants like carbon dioxide, nitrogen oxides,
sulfur dioxide, and particles by minimizing the
dependency on fossil fuels. [1, 2].

The majority of renewable energy sources
stem from solar energy, with the exceptions being
geothermal, nuclear, and tidal. In recent years,
renewable energy sources have emerged as viable
alternatives to fossil fuels. Unlike fossil fuels,
these energy sources do not have the same

the
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environmental impacts, making them a
compelling choice for energy production.
Biomass, for example, is a type of fuel that is
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generated through the anaerobic digestion of
agricultural, food, forestry, wastewater, and
animal waste.[3]

The primary objective of advancing novel
techniques in energy systems is to enhance the
efficiency of the system, boost production, and
minimize the release of harmful pollutants. One
promising approach to accomplish this objective
is through the implementation of a combined cycle
of heat and power (CCHP). These CCHP cycles
are highly adaptable and can be employed in
various applications with different power ratings.
Notably, in recent times, CCHP cycles have found
significant utilization in domestic settings.
Figure 1 illustrates a CCHP system.

Solar power capabilities are clearly visible, but
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the periodic nature and uncertainty of solar energy
will impose limitations on this energy source.
Consequently, solar energy must be integrated
with other energy sources to guarantee a
consistent and dependable energy supply.

CCHP Systems can play a crucial role in
mitigating the challenges faced by solar energy
systems. By utilizing multiple energy sources in
conjunction with solar energy, CCHP systems can
serve as supplementary sources and contribute to
an optimal design for the desired service.

The novelty of the present'work is that the
system is used to produce milk"powder as a side
product which is a less comimon side product in
similar cycles. Along with milk powder heat and
power is also generated:
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Fig. 1. Biomass-Solar System for Combined Cycle Power Plant [6]
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Fig. 2 . Energy Stream For different CCHP Systems of Energy [18]



Seyyed Amirreza Abdollahi et al. / Energy Equip. Sys. / Vol. 13/No. 2/June 2025 195

Nomenclature

m Mass flow rate (kg/s)

Q Heat transfer (kW)

Z Exergy-Economic Factor

Tamb Ambient temperature (°C or K)
Pressure (bar)

Work (kW)

Temperature of component (°C or °K)
Exergy efficiency (%)

€3 5 g7

Exergy efficiency (%)
2. Materials and Methods

The flexibility of CCHP systems utilizing
various renewable energy sources allows for
their application in both large-scale industrial
facilities and small-scale residential setups. This
adaptability stands as a significant benefit of
these systems compared to others.

Biomass is composed of various gaseous
compounds, predominantly Methane, and carbon
dioxide.[4] Methane is the primary constituent of
biomass. Extensive research has been conducted
on biomass in recent years. As indicated by,
Abdeshahian [5] et al, the electricity generated in
Malaysia through Anaerobic digestion ™ of
biomass is approximately 8.27 trilliony watt-
hours.

Various techniques such  as\ pyrolysis,
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Fig. 3. PVT Panels Structure [9].

gasification, and Anaerobic digestion can be
utilized for the industrial production of biomass.
Anaerobic digestion stands out as a sustainable
approach that results in biomass production
without generating any byproducts. Additionally,
this method requires significantly less space in
comparison to alternative methods.

Solar heat collectors (SHC) and photovoltaic
panels (PVT) have been used in both industrial
and domestic applicationsg, Considering the
recent developments, solar systems can play a
vital role in CCHP systems. Solar systems can be
coupled with other systems like windyand other
combined energy systems.. Combining such
systems can lead to more efficient systems and
can be used for many applications'such as power,
heating and cooling. Solar energy can be stored
with energy storage systemséand be used in other
energy systems. For example, biomass-solar
along with the Brayton cycle has been proposed
by Pantaleo et al. [6]

PVT panels harness solar energy to generate
eleetricity. These panels come in two variants:
silicon ¢rystal and thin film. [7].

Absorption refrigeration cycles are frequently
employed for cooling purposes. The cycle
requires a heat source to operate effectively. The
absorption system can utilize the waste energy
from various systems' exhaust streams to provide
the necessary heat for the cycle.
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Indoor Cooling Li-Br

Fig. 4. Schematic of Absorption Refrigeration Cycle
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In this paper, a novel approach will be
proposed to generate electricity, milk powder,
and cooling by utilizing biomass as a fuel
source. The process is depicted in Figs. 5 and 6,
where the initial step involves the production of
biomass through anaerobic digestion, followed
by the combustion of biomass and air. The
energy released from this combustion process is
harnessed in a steam generator, which powers
the Rankine cycle (also known as the steam
cycle). The steam generated in the Rankine
cycle then passes through a steam turbine,
where it is converted into electricity using a
generator.

It is worth noting that even after the steam
generator, the outlet flow still retains energy in
the form of heat, which can be effectively
utilized. This high-temperature stream is
employed in the milk powder production cycle
and is transferred to the milk powder cycle
through a heater.

Furthermore, to facilitate the production of
cooling, an absorption cycle is integrated with
the aforementioned process. The heat required
for the absorption cycle is supplied by a solar

panel system, ensuring a sustainable and
environmentally friendly approach to cooling
production.

The equations below represent the
conservation of energy and exergy for every
component within the system.

Qc.v _Wc.v = Zmouthout _Zminhin (M
ED = Z Ein _Z Eout (2)
In Eq.(2), the rate of exergy transfer (E) is
equivalent to the mass flow/rate of exergy (m e)
and is the combination of physicahand chemical
exergy, where (e) representsfthe total specific

exergy.
g=g"+8" 3)
Equation (4) enables the computation of the

precise exergy of the/fluid flow in terms of its
physical chardcteristics.

eM =h~hp-T,5-5,) )

Equation (5) enablés the computation of the
spécific exergy of a chemical substance.

i o
eh=> & +RT, >y, In(y,) ©)
i=1 i=1

Fig. 5. PVT Panels Structure.
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Fig. 6. Cooling and Milk Powder Section of the Proposed Cycle

Equation (5) demonstrates that the rate of
exergy destruction is equivalent to the total
exergy of the inlet and outlet streams. Exergy
efficiency can be determined by utilizing
Eq. (6).

. _Ee

I EF,i (6)

During the Anaerobic digestion processithe
initial substance undergoes |héating to. ‘a
temperature of 55°C without the presence of
oxygen. By applying the teehnique established
by Buswell and Hatfield/[8],/one can forecast
the composition of the resultant biomass gas. In
a broad senseythe chemicahreaction involved in
the genefation of biomass through Anaerobic
digestion can be described as, follows.

C,H,Q, +we(H,0)=>nCO, +n,CH, (7)

In Eq.(7), the subscripts will vary depending on
the primary materidl utilized in the production
of biomass.

The Higher heating values for the different
types of waste are 16.56, 16.09, and 11.92
MlJ/kg, respectively. To determine the chemical

A4

exergy. of biomass, the empirical relation
provided in, Eq. (8) can be employed,
considering the non-homogeneous texture of the
biomass:

ech

manu,daf —

1.044+0.016 2 +0.3493 % (11 0.0531 %)
Z Z

8
LHVmanu,daf ZC 7 = = ( )
1-0.4124 =2
ZC

In Eq. (7), Zun, Zc, and Zo are the hydrogen,
carbon and oxygen mass fraction in biomass
respectively.

Joshi et al [9] presented the mathematical
equations necessary for the modeling of the
solar panel.

There are several approaches available for
exergy-economic  Optimization, including
Exergy cost theory, Average cost approach, and
Specific exergy costing. In this particular
investigation, the focus is on Exergy cost. This
method involves formulating Eq. (9) for every
component within the system.

ZCout,k + C\I\/,k = zcin,k + CQ,k + Zk ©)

Table 1. The Component of Biomass Based on Primary Material Compound.

Type of waste C H ©) N
Cow waste 38.06 5.18 28.15 1.85
Sheep waste 37.64 5.06 28.64 1.87

Chicken waste 26.77

3.33 30.52 2.25




198

Equation (8) represents the relationship
between the initial capital cost (C) and the cost
of using and maintaining (Z) a particular
system. Additionally, C.. and Cox denotes the
cost rate of work and heat, respectively. It is
possible to calculate all these parameters by
utilizing the equations provided below.

3 70, Fom (10)
C, =c,E, (11)
Cout = Cou Eour (12)
G =CoEs (13)
Co =auEw (19)

Equation (15) can be employed to compute Zx
based on the procurement cost of the equipment.

Zk=CRFx%xPECk (15)

In Eq. (15), CRF, N, and @, denote the cost
return factor, annual working hours (assumed as

Table 2. Validation for
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7880 hours in this study), and maintenance
factor (assumed as 1.06 in this study). The
exergy-economic equation for each component
of the cycle is provided in Table 4. The initial
capital costs for each component are listed in
Table 6.[10-13]

3. Results and Discussion

Firstly, this section will delve into the topic of
validation, followed by an @xamination of the
outcomes derived from /the ymodeling and
optimization of the cycle.

Wellinger's work [14] is béing compared with
the current study to validate the findings on
biomass production.

The study of /Behzadi et al [12] was
consulted for validatifig the, outcomes of the
biomass yand, Rankine sub-system. A visual
representation of the comparison of the results
can be obseryed in Fig. 7.

Biomass Production Cycle [14]

Chemical Component Current work Reference Work [14]
CH. (%) 58.4 58
CO: (%) 4.6 42
—mYelA e s ol allE. T e

W netdkiW

0.7

0.9 1.1
m_biomass{kg/s)

Fig. 7. Validation of Biomass and Rankine Cycle [12].
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Aman's work [15] will be cited in Fig. 8 to work and comparison with reference work are
confirm the findings of the absorption provided in Table 3. In this section, since Mult-
refrigeration cycle. objective optimization will be conducted both

The rate of exergy destruction for each parameters of the payback period and exergy
component which is calculated in the present efficiency will be optimized simultaneously.

® (COP)r,. =——(COP)sl> 5  # (N MMer. == =@ Il 5
0.7 04
0.6 - 035
L 03
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L 025
0.4 7
& L 02 %
0.3 Lﬁ
- 015
02| ®
- 0.1
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0 0
60 70 80 90 100 110

(00 sepd 5l sles
Fig. 8. Validation of Absorption Refrigeration Cycle.

Table 3. exergy destruction rate for the main ¢omponent of the cycle [16]
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Fig. 10. Results of Multi-Objective Optimization of Exergetic Efficiency.

Based on the data presented in Figs.11 and 12;
it can be observed that the findings suggest an
optimized target for the gpayback period lies
within the range of 4 to/13 years. Additionally,
the exergy range is projected to be between 13 to
33 percentgfespectively.

To simplify the outcomes of multi-objective
optimization, one can refer to Fig.11 for a visual
representation. By examining Fig.11, it
becomes possible to easily calculate the exergy
efficiency and payback period in relation to
each other.
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Results of optimization for exergy efficiency vs. Payback period.
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An analysis was conducted on the impact of
various parameters, including the rate of
biomass consumption, crude milk consumption
rate, PVT surface area, the temperature of the
combustion chamber, the cooling capacity of
the absorption cycle, and turbine inlet pressure,
on both the payback period and exergy
efficiency.

Figure 12 illustrates that as the consumption
rate of biomass rises, the exergy efficiency will
decline. Conversely, reducing the consumption

m_PM=0.5(PB)
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rate of crude milk will also lead to a decrease in
efficiency, owing to a lower production rate
within the cycle.

As indicated in Fig. 13, the surface area of
PVT panels has a negligible effect on the
efficiency and payback period of the cycle. This
is primarily because the overall efficiency of
PVT panels surpasses that of biomass systems,
thereby making any changes in the biomass
system more apparent
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Fig. 12. Impact Of Biomass Consumption/And Crude Milk Consumption Rate On Payback Period And Exergy
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Increasing the cooling capacity of the
absorption cycle, as depicted in Fig. 14, clearly
results in a longer payback period. This
highlights the significant expenses associated
with producing cooling capacity in the
absorption cycle.

Figure 15 illustrates that elevating the
temperature within the combustion chamber
leads to a slight reduction in the payback period.
Moreover, augmenting the temperature enhances

Seyyed Amirreza Abdollahi et al. / Energy Equip. Sys. / Vol. 13/No. 2/June 2025

the exergy efficiency; however, it concurrently
results in increased costs for the combustion
chamber due to the utilization of more advanced
technological construction techniques.

By contrasting Figs. 15 and 16, it becomes
apparent that the impact of combustion chamber
temperature surpasses that of turbine inlet
pressure when considering exergy efficiency.
Conversely, the turbine inlet pressure exhibits a
greater influence on the payback period.

Chiller=20(PB) = = =chiller=110(PB) === == chiller=200(PB)
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45 30
~ m PM=1.75(kg/s), A PVT=550(m?), T CC=1200(°C),
40 . TIP=2000(kPa), wc=0.425, deltaT pinch=220(°C),
\ ~ deltaT superheat=200(°C}) - 25

35 \ ~
- RN ~ &
£ 30 TS ~ 0 E
= -~ -, =
3 SRR ~n 3
= N \ ~ el — )
o \ N ~..—., 15 =
[=% \ ~ . - 5}
2 20 A —la Q
g ¥ A, g
=] N ~ —_— T &n
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5
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Fig. 14. Impact Of Biomass ConsumptiomAnd Absorption/Cycle Cooling Capacity On Payback Period And
Exergy Efficiency.
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Fig. 16. Impact Of Biomass Consumption And Turbine Inlet Pressure On Payback Period>And Exergy Efficiency

Table 4 Exergy destruction rate equation for each’component

Component Exergy Destruction Component Exergy Destruction
Anaerobic : : : : : Expansion 2 : :
Digestor ED,Dig = Es + Ee - E7 - E8a Va{)ve 7, ED,eva — E24 - Ezs
Combustion Absorption : ERYY
Chamber ED cc E + E ElOa Cycle Purnp ED,PRef _er ( 21 20)
Combustion ) ) ) ) .
Gases Exhaust Epge =W, — (B —Ey) PVT Ep con = Es ans (E31 coll)
Fan
Ranki 1 - - - : ! . . . . .
Psgl;ne Cycle Eppr =Wp —(E,—E) Pasteurizer Ep.pes = (BEss —Egs) — (B —Ey)
. Absorption : : :

Steam Turbine ~ Ep g = E;—E, —W, Cycl er% ooler Ep cooiret = (Bus = Eis) = (B — Eyg)
Steam : : : . : Drver . . . . . .
Generator ED,sg = Ez + E10 < E3 B E11a E\Zporator ED,EvaF'M = (E3Oa - E30b) - (E42 - E27) —Es
Rankine : : : y
Condenser D CondR4™ E12 + E E1 E13 Dryer Pump ED,PPM = (E43 - E42) ~Wopy
AbSO tiOn N 4 o o o o o o o o o
CyclerpGenerator ED,G repn 7E2 —Eg— By + By —Eyg Dryer Cooler ED,CooIPM = (E45 - E44) - (E47 - E46)
Absorptign . . . . .. . Lo
gzi‘eenser ED,ConRef =B +Es—Ey-Ey E(I;Znomizer ED,eco = (E55 - E54) - (E48 -E,)
Absorption . . . . . .
Cycle ED,EvaRef =Eg+Ex—Ey—Ey Dryer Fan ED, fanPM =W fanPM (E49 48)
Evaporator
Cy(S:;)erpAg)srz) rber Epasrer = Eio ¥ Eig +Exs—Ex—E,  Dryer Heater Ep heat = Esoa — Esop (Eso Eo + Esoc)
Absorption ) ) . ) . Dryer . .
](E:)}(Is}l;nger heat Epgprer =En—En+Ex—Ey Compressor ED,comp =Wcomp ( 53 52)
E anSlOH . . . . . . .

*p E18 Ey, Dryer Ep arier = (Bss + By —Esy) —(Ess —Eyo)

Valve 1 Bo e =




204

Seyyed Amirreza Abdollahi et al. / Energy Equip. Sys. / Vol. 13/No. 2/June 2025

Table 5 Exergy-Economic Equation for each component

Component Exergy-Economic Equation Component Exergy-Economic Equation
. Absorption
Anaerobic LA 5
Digestor C + ZDlg C8 CyCIe ClS +C15 + ZEvaRef - C o+ C41r Cps =Cp0,Chp =Cyy
g Absorber
. Absorption
Combustion : : ; : LA s LA
Chamber C8 + Cg + ZCC = ClO CYCIC Cu+Co +Zeqrer = Cis +Co91Ciy = Ci5:Co5 =Cy
Evaporator
Rankine Cycle G 47 +C  =¢ _ —¢, PVT 7 C +W c —c
Pump 1 Pr CW,Pr - Z’C\N,Pr _CW,St’Cl -2 V Sol - sol ! W, Sol - W,PI'
Steam Turbine C3 + ZSt = CW,St + C4, C4 = Pasteurizer C32 +C25 + Zpas = ng +c-:27 1C3 =C33,Cp =C
Steam 3 3 ; 3 3 Dryer
cC,+C,+2Z,=C,+C,,c,= Gy +Cooa + Zevont = Cioe +Con £, Cson = CoprCrr = Cp
Generator 2+ 0+ L =T+ e Cn = G Evaporator S - o = oo
Rankine : : ; : : Milk Powder ~ : 4
Condenser C4 + C12 + ZCondR = Cl3 + Cla C4 = Cl Pump Coo+Zppy 7LCW,DPM =Cp.Cpp = Caas Clipord’ = Cuvpr
. . . . Drver . . . | .
Exhaust Fan C43 + ZExF +Cw,ExF = C49YCW‘E><F =Gy pr1Cog Egnomizer C47 +C54 + Zeco = CAS +C55' Cu7.7=C5:Cs4 =Csg
Absorption : L5 : A :
Cyclngenerator Cp+Cyy +Zgpy =Cy + C 3+ C35,C3 =Cy Dryer Fan Cis + Zarow #Coi arem T 2Clo1Cig = Cao, Cu tanpm = G pr
Absorption o o Drver >\ ]
Cycle ClG + CSB + ZconRef = C17 + CSQ 1 C16 = c17 ! CSB = c39 ry CSZ + Zcomp + Cw.oomp C53 1 C - C53 1 Cw comp = Cw,Pr
Condenser Compressor
Absorption
Cycle Heat Czl + Cza + ZExRef = sz + CZA 1€y =Cp,Cp3 =Cyy Dryer Heater Co +Copa + Ziea = Cosp +Coop +Coper Csoa = Csor
Exchanger
Absorption L : ; : 3 . ; . .
Cyclerrl)’ump Cor+Zpges +Cw,pRef =Cy,Cy =Cy:1Cypret = Cupr Dryer Fan C53 + C43 + C51 =+ Zdrier = C44 + C54
Absorption L L L .
CyclerpAbsorber Cio+Cos +Cop+ Zypepet =Cop+Cy1iCos =C Clg =Cyy Dryer Cooler Cus+Cu+Zypm =Cu7 +Cp5,Cyy =C45,Ch =Cyy
Table 6. Exergy-Economic Equation for each component
Component Exergy-Economi¢Equation Exergy-Economic Equation

Anaerobic Digestor
Combustion Chamber
Anaerobic Digestor
Combustion Chamber
Anagrobic Digestor
CombustiomChamber
Anaerobic Digestor
Combustion Chamber
Anaerobic Digestor

Combustion Chamber

C, +ZDlg =C,
C, +C, +Z.. =C,,
C, +ZDlg =C,
Cy+Cy+Zo. =Cy
C, +ZDlg =C,
C,+C, +Z.. =C,,
C, +ZDlg =C,
C,+C,+Z.. =C,
C, +ZDlg C,
C,+Cy+Z. =Cp

C18 +C15 + ZEvaRef
C,+Cyu+Z
C18 + C15 + ZEvaRef

Cu+Cu+Z

C +C41,C Cy01Ca0 =Cyy

coolRe f — C15 +ngvC14 =C5,Cp5 =Cy
= Czo + C417 Cp5 =Cp0,Chp =Cyy
coolRe f — C15 +ngvc14 =Cj5,C5 =Cx

C18 + C15 gt = Czo + C417 Cp5 =Cp0,Chp =Cyy

C,+Cy+7Z

coolRe f — C15 +CZQ’014 =Cy5,Cy5 =Cy
Cis +Cis + Zeyaper _C +C41!C =Cy0:Ch =Cyy
coolRe f — C15 +C291C14 =Cy5,Cp5 = Cyg

C,+Cpu+Z

ClS + C15 + ZEvaRef = Czo + C41vc25 =Cy:Cy =Cyy

Cu+Cu+2Z

=C15+C291C14 =Cy51Cp5 =Cy

coolRe f
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Table 7. Capital cost Equation for each component of the cycle [13,12]

Component Capital Cost Estimation Remarks
Anaerobic Digestor Zpy = 35000( o7 V. Volumetric Flow Rate
21000 T: Working Temperature
Zy, =y, (1+exp(C, Ty, —Cy)).. T
1 out: Qutlet Temperature of Combustion

Combustion Chamber

Rankine Cycle Pump

Steam Turbine

Steam Generator

Rankine Condenser
Exhaust Fan
Absorption Cycle Generator

Absorption Cycle Condenser

Absorption Cycle Heat Exchanger

Absorption Cycle Pump

Absorption Cycle Absorber

Absorption Cycle Evaporator
Absorption Cycle Cooler
PVT
Pasteurizer
Milk Powder/Cycle Evaporator
Milk Powder €ycle Pump
Milk Powder Cycle Economizer

Milk Powder Cycle Blower

Compressor

Milk Powder Cycle Heater
Milk Powder Cycle Dryer

Milk Powder Cycle Cooler

Zop =G4 (\Npr)o.n’ c, = 35408/ (kw)*"
1 =5 (Wg)*, c5 =6000$/ (kw)"’

—p 4= 48.64%/ (kg /s)

0.995— -t

¢, =0.018K*,c, = 26.4

Zy, =6570((-—="— O )08+ (=2

Im,ec

AT,

Im,ev

+21276m, +1184.4rﬁgl'2

z

4

Cond Re f

CondR :CQ water’c _1773$/(kg/5)

Z. . =2833(m, )" "%

Zerer = 17500(33);’(“))0-06

ZExRef o 4760'&\%0.68

ZPRef =C (WPRef )"
=3540%/ (kw)*™

Z et 16000(:‘;5?%

Ab 0.06
Z =16000(—2
EvaRe f (100)
coolRef — 4760‘ booIOl68

Zpyr =310A,;
o = 4680(A,)*"™

z

Zeom =51733In(A, o ) — 74437

Zopy = 5870(\NPPP)0.85
Zo :1644,%(:00.81 418900
Z o = 2833(M,; 00 )0.7053

= (CuoMair Py P
ZAC 7( 11~ lis,Ac )( Pln )In( Pin )
c, =75/(kg/s),c, =09
heat = 1644A19at0 & 418900
Z 4z =35800(1,,, )0

ZcooIPM = 5430AOO|PM o

ev )0 8)

= CQ”\Nater 709 :1773$/ (kg /S)

Chamber
P

out

P

in: pressure ratio of Combustion Chamber
WP’ : Pump Brake Horse Power
W : Turbine Output Powen
AT, . .
Imec . Temperature Differenceof inlet and
outlet Gas

AT,

Imev . Temperature Difference of watérinlet

and steam outlet

Q

€ . Gas Heaf transfer

: Steam heat Transfen

3-rO

§' Steam mias, flow:Rate

m
9 . Gas Mass flow Rate
mwater
“Water mass Flow rate
m

&G . Exhaust Gas Mass Flow rate

" . Surface Area of Generator

3

water - Water mass Flow Rate

&

X . Surface Area of Heat Exchanger

<.

PRef . Pump Brake Horse Power

Aabs : Surface Area of Absorber

A%av
A:ool

APVT : Surface Area of PVT Exposed to Sun

: Surface Area of Evaporator

: Surface Area of Cooler

Apas : Surface Area of Pasturized
Ae"aPM : Surface Area of Evaporator
Wepp

: Pump Brake Horse Power

&CO : Surface Area of Economizer

m..
airPM . Mass Flow Rate of Air

3.

air . Mass Flow Rate of Air
R

ut

-0

: Compressor Pressure Ratio

Aneat

: Surface Area of Heater

M . Mass Flow Rate of Milk Powder

KW'PM : Surface Area of Cooler
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4. Conclusions

In this study, the objective was to enhance the
performance of the Combined Cooling,
Heating, and Power (CCHP) cycle by
considering the payback period and exergy
efficiency. Initially, each component of the
cycle was verified by comparing it with relevant
literature, and the outcomes of this validation
process were presented. The paper also presents
the results of multi-objective optimization.
When focusing solely on minimizing the
payback period, the cycle can be configured to
achieve a minimum payback period of 3.82
years. On the other hand, if the goal is to
maximize system efficiency, the system can be
adjusted to reach a maximum efficiency of 24.7.
In cases where both efficiency and a short
payback period are desired. The multi-objective
optimization results indicate that a system with
an optimized efficiency of 27 percent will have
a payback period of 4.8 years. Also, the effect
of several performance parameters of the cycle
of exergy efficiency and payback period has
been studied. Results indicate that the most
impact is caused by the biomass consumption.
rate due to the lower efficiency of this system
compared to other components. Another
parameter is turbine inlet pressure which thas a
massive impact on payback period and little
impact on exergy efficiency.| Also, asthe
cooling capacity of the cycle ‘increases the
payback period is due to the fact that'the cost of
cooling capacity producéd by the abserption
cycle is high.

In the presentswork, biomass was utilized for
powering‘the eycle. In future works, the effect
of utilizing other renewable energy sources such
as wind onsolar can'bestudied. As stated earlier
the aim of the present work is to minimize the
cost of the cooling cycle which can be achieved
by optimizing the refrigeration cycle or utilizing
more advanced/refrigeration technologies. The
current study shows that the cost of the cooling
cycle is relatively high which needs to be
alleviated.
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