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Energy Conversion and Management,
2020

Proposal and assessment of a novel
combined heat and power system: Energy,
exergy, environmental and economic
analysis

Journal of Cleaner Production, 2020

Comprehensive techno-economic and
environmental sensitivity analysis and multi-
objective optimization of a novel heat and
power system for natural gas city gate
stations

Sustainable Energy Technologies and
Assessments, 2021

Performance investigation of a novel hybrid
system for simultaneous production of
cooling, heating, and electricity

Energy Conversion and Management,
2021

Design and multi-criteria optimisation of a
trigeneration district energy system based on
gas turbine, Kalina, and ejector cycles:
Exergoeconomic and exergoenvironmental
evaluation
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! Thermodynamic cycle

2 Power cycles

3 Refrigration cycles

4 Combined cycles

3 Brayton cycle

% Rankin cycle

7 Organic Rankin cycle (ORC)
8 Kalina cycle
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! Absorption refrigeration cycle (ARC)
2 Compression refrigeration cycle

3 Ejector refrigeration cycle (ERC)

4 Evaporative refrigeration cycle

3> Combined cycle
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! Polygeneration

2 Combined Cooling, Heating and Power (CCHP)
3 Combined Heating and Power (CHP)

4 Combined Cooling and Power (CCP)
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5 Throat

¢ Diffuser

fo




S)wJss g (sslgiig lns £y :oow J10d

T[K]

O30 & sl lyz 09 4 e 45 008 dbml S Sy Jlad talS wnl ) ke
S ogs et g ool bglie ;K00 b coll JLad 5o (lyz 99 (ol ree &alol jo 098 0 928!
ok ol heee baaled 5o uj o0 Dgo s 4 0alibglie (Jh 2 Gy WSS
olyr b G5 g JB Gl @ ol G g 5 oad S5k of s Gieeks iy
JooSS 598l IS B 09800 ol (i 98 42 )guilasS Sl e 5l g S 5l (29 5
hloyw )b ol 50 5 00,5 see ,glalsl 51 el 4 0955 51 U sl Gl i 0sd

_com @ o1

(T I

District i
heating

=

..... Y @ e

<
PU1 16
> Air > Fuel > Flue gases =3 Ammonia
—>Base AWM  :-+:=>» Lean AWM ===»Rich AWM =-=» Water
() 4 ©
L 23 20 21

—o— Air

—o— Flue gases

TIK]

s [k]/(kg.K)] s [i3/ (kg K)]
anfllan 3 g0 (ylo e Al g e 0 )loz b V-V IS

2



S)wdss g (sslgiinyy dlws A)D 00w J10d

Ejector length
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! Capital investment (CI) cost

2 Operating and maintenance (OM) cost
3 Capital recovery factor

4 Purchase cost

> Maintenance factor
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25.6 x m3
cc Zee = | =="2|[1 + exp(0.018T, — 26.4)] 1994 368.1
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0 92 — nGT is
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W 0.26 1 _ ) 0.5
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! Effective annual interest
2 Overall heat transfer coefficient
3 Logarithmic mean temperature difference (LMTD)
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AS = Al -0C

IF —(1+ R)
L 100
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RIR =DR —R

—i

! Payback period (PBP) approach
2 Net present value (NPV) approach
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! Fixed costs

2 Operating costs

3 Annual incomes

4 Annual saving

S Inflation rate
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7 Inflation factor
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° Real interest rate
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C8 = 0
E] Cia=Cip+ (i3 + ZE] -
. . . . . Ciz3 = C
EVA C13 + C33 = C19 + C32 + ZEVA 13 19
€3 =0
. . A . . C15 = C14
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€30 =0
EV: Cro=0Cy7 + ZEV1 -
PU: Cig = Cie + CW,PUl + ZPUl Cwpu, = Cw,sT
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SEP Cy1 4 Co3 = Cyo + Zsep Fp—Eyy  Fpu—Fyy
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Division point

ClS = Clé + Cl7

C16 = C17
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Abstract

The combined cooling, heating and power (CCHP) systems are untis that use different types of
energy in the best possible manner based on a combination of different thermodynamic cycles.
The use of waste heat from a cycle to make another cycle is common in these systems. For this
reason, these hybrid systems have higher efficiency and lower emission levels than their base
systems. Hence, many researchers have focused on analyzing these systems.

Based on the above, in the present study, while presenting a new configuration of a CCHP
system, a comprehensive analysis is performed based on the energy, exergy, economic,
environmental, exergoeconomic and exergoenvironmental models. Finally, the optimum value
of the investigated parameters are sought for reaching the optimal operating conditions of the
proposed system. The system configuration is based on combination of regenerative Brayton
and Kalina cycles (for power generation), an ejector refrigeration cycle (for cooling uses), and a
heat exchanger between Kalina and Brayton cycles (for heating uses). In the proposed system,
the use of regenerator in the Brayton cycle has two advantages: first, it increases the efficiency
of the Brayton cycle; furthermore, by reducing the temperature of the waste gases, it minimizes
the temperature difference between waste gases and working fluid of the Kalina cycle (this
causes the reduction of the entropy generation). The problem modeling is done in EES software
and the optimization procedure is done in Matlab software based on the combination of NSGA-
Il approach and an AAN.

The results illustrat that the highest rate of exergy destruction and its related cost is occurred in
the combustion chamber of Brayton cycle (due to significant pressure drop and severe
temperature changes within it). On the contrary, pump 2 has the lowest rate of exergy
destruction and its related cost. Also, exergy modeling shows that the contribution of Kalina
cycle to the total exergy degradation of the system is very low due to the nature of the operating
fluid of this cycle (water-ammonia temperature profile due to variability can match the hot
source temperature profile. As a result, there is better overlap and the amount of exergy
degradation is reduced).

The results of the parametric study indicate that the highest and lowest sensitivity of the
evaluation criteria are related to changes in compressor pressure ratio and evaporator outlet
temperature, respectively. Also, due to the interaction effects that occur with changes in design
parameters in system evaluation indicators, the need for multi-objective optimization to achieve
the conditions that all indicators are in good condition is necessary.

Applying the multi-objective optimization, the optimum value of the four important system
evaluation criteria is obtained as follows: energy utilization efficiency EUE ,,:=71.41%,

exergetic efficiency nexopt=31.53%, exergoeconomic criterion EXeco,opt=8-30 $/GJ, and

exergoenvironmental criterion Exenv,opt=156-53 kg/GJ.

Keywords: Hybrid cycle; Combined cooling, heating, and power (CCHP); Exergo-economic
analysis; Exergo-environmental analysis; Multi-objective optimization
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