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List of acronyms

CCPP  Combined-Cycle Power Plant
CHP Combined Heat and Power

CRF Capital Recovery Factor

CTGs  Combustion Turbine Generators
EW Energy consumption per Water production
in RO

GOR Gained Output Ratio

GT Gas Turbine

LHV Lower Heat Value (kJ/kg)

MED Multi-Effect Desalination

ORC Organic Rankine Cycle

PAR Peak to Average Ration

NSGA Non dominated elitist and rapid Sorting
Genetic Algorithm
NG Natural Gas

MSF Multi-stage flash distillation

SDI Silt Density Index

TAC Total Annual Cost ($/year)
WHO  World Health Organization

List of symbols

A Water permeability coefficient [kg/m?-s-Pa]
B Solute transport coefficient [kg/m?s]

Cij Coupling matrix

C Salt concentration [ppm]

Cw Brine concentration [kg/m?®]

CcC RO capital cost subsystems

% Dispatch factors (-)

Vw Permeate velocity [m/s]

Wp Pump Power (kW)

/A Capital cost rate ($/year)
Zx Component purchase cost ($)

Zoem  Operation and Maintenance Cost

Subscripts

amb Ambient

b brine
boi Boiler
bp Brine Pump

CcC Combustion Chamber

ch Chemical

cVv Control Volume

D Distraction
dmn Demand

e Exergy

em emission

extra Waste heat from cement plant

f Feed
h Heat
hot Hot water

hpp High Pressure Pump
i inlet

m Material



https://www.epa.gov/chp/what-chp

ds
Ds
e, ex

Ex

Jw

Js

LDe
LDn

LDw

Mhot

Pe

Py

Pw

Pi

Feed channel equivalent diameter [m]

Distance from the ideal point

Solute diffusivity [m?/s]

Exergy (kJ/kg)

Exergy flow (kW)

Electrical consumption per water production

Non-dimensionalize objective indexes
Interest rate

Material correction factor

Local permeate flux [kg/m?s]

Local solute flux [kg/m?-s]

Mass transfer coefficient [m/s]

Output loads of the hub

Output electrical loads of the hub (kW)
Output heat loads of the hub (kW)
Output water loads of the hub (kW)
Operation hours in a year

Feed water flow rate (kg/s)

Hot water flow rate (L/s)

Input carriers of the hub

Exchanging electricity of the hub (kW)

Exchanging heat of the hub (kW)

Exchanging water of the hub (kW)

Input vector of the hub
Output vector of the hub

Heat flow (kW)

max goi Maximum Boiler

NG Natural Gas

p Permeate stream
pu Pump

Sc Schmidt number

pipeline Pipe line

Ph Physical

Q Heat

S Sell

ST Steam Turbine

SW Sea Water

SWIP  Sea Water Intake and Pre-
treatment

T Turbine

trf Transfer

u Number of exergy carrier

X objective’s index

w Membrane wall

z index for each Pareto front point
0 Standard Situation

Greek symbols

a,B,m,e  Type of energy carrier

n Efficiency

P Density (kg/ m®), Integer
Numbers

& Chemical exergy/energy ratio

€ Total cycle exergy efficiency (-)
T Hours of operation per year (h)




Qs

Qrp
Rro

Re

Thot

Brine flow rate (m%/h)

permeate flow rate (m3/h)

Recovery (%)
Reynolds number

Membrane area (m?)

Hot water temperatures (°C)

Of

Qe,s

Pp

Qe,b

WVem

Fuel cost ($/kg)

Selling electricity cost ($/kWh)
Density of the permeate [kg/m?3]
Osmotic pressure [MPa]
Buying electricity cost ($/kwWh)

Pollutant emission cost ($/kg)
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This thesis examines the performance of an energy-based heating, cooling, and
power system for a Qeshm Island study sample consisting of household hubs.
Initially, the target area for the study is set. East of Qeshm Island has been selected
as a case study with suitable infrastructure conditions and variety of energy sources
and uses with multiple energy carriers as well as the connection with open water.
After determining the range of energy hubs, the energy consumption demand and
environmental conditions are determined. In energy hubs, energy optimization is
considered and initially selected for the implementation of the following energy hub
model.

The supply of demand in the hub is coupled with the purchase of energy carriers
1) electricity, 2) heat, as well as its production by gas turbine boiler equipment. The
cumulative hub, which is the connection between all energy hubs by electricity and
heat carriers, shows that microturbine capacity has increased at peak power hours.
On the other hand, the electrical efficiency of the system is affected by ambient
temperature and decreases with increasing temperature. It has also added to its
electrical efficiency by lowering the temperature in the cold seasons of the year. On
the other hand, as the heat generated from the boiler system increases, the proportion
of adsorbent chillers in cooling demand increases. The results show that only in
summer the boiler is in relative load condition and in other conditions is its nominal
load.

Keywoeds:

Energy hubs, annual cost, energy generators, cogeneration system, optimum
consumption, multi-pregnancy systems.
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