Table 1: ASHRAE thermal sensation scale of PMV
	PMV
	Sensation 
	PMV
	Sensation 

	-1
	Slightly Cool
	+1
	Slightly Warm

	-2
	Cool
	+2
	Warm 

	-3
	Cold
	+3
	Hot
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Figure 1: Relationship between PMV and PPD [15]
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Figure 2: Relationship between “EnergyPlus” and “DesignBuilder”
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Figure 3: Configuration of the Fuzzy system
[bookmark: _Toc7924971][bookmark: _Toc9505220]Table 2: Energy consumption for Terminal-1 of Sharm-Elsheikh airport
	Load
	Consumption %

	HVAC
	70.5%

	Lighting
	6.5%

	Hot water
	1.4%

	Motors and miscellaneous
	21.6%
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[bookmark: _Toc6828742][bookmark: _GoBack]	Figure 4: 3D Modeling of Sharm-Elsheikh Terminal-1 building

[bookmark: _Ref13077704]Figure 5: Comparing BMS & FLC in saving lighting consumption for Terminal-1 of Sharm-Elsheikh airport

Figure 6: Comparing BMS & FLC in saving HVAC consumption for Terminal-1 of Sharm-Elsheikh airport

Figure 7: Comparing BMS & FLC in saving total energy consumption for Terminal-1 of Sharm-Elsheikh airport

[bookmark: _Toc6828766][bookmark: _Toc11533167]Figure 8: PMV comparison between BMS & FLC for Terminal-1 of Sharm-Elshiekh airport
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Figure 9: 3D Modeling of Luxor Terminal building

Figure 10: Comparing BMS and FLC in saving lighting consumption for Luxor airport

Figure 11: Comparing BMS and FLC in saving HVAC consumption for Luxor airport

Figure 12: Comparing BMS and FLC in saving total energy for Luxor airport

Figure 13: PMV comparison between BMS & FLC for Luxor airport
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Figure 14: 3D modeling of Taba airport

Figure 15: Comparing ON/OFF controller and FLC in saving lighting consumption for Taba airport

Figure 16: Comparing ON/OFF controller and FLC in saving HVAC consumption for Taba airport

Figure 17: Comparing ON/OFF controller and FLC in saving total energy consumption for Taba airport

Figure 18: PMV comparison between ON/OFF controller & FLC for Taba airport

Table 3: Achieved results for the three studied airports
	
	Sharm-Elshiekh
Airport
	Luxor
Airport
	Taba
Airport

	Occupancy Level
	High
	MED
	Low

	Total Annual Energy Saving
	20%
	17%
	13.5%

	Total Annual Emissions Avoided
	18.75%
	14.9%
	13%

	PMV Achieved
	-0.12 : 0.8
	-0.21: 0.59
	-0.12:1.4



BMS Lighting (MWh)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	137.7816	125.504	140.51	133.6891	137.7816	136.41740000000001	137.7816	139.14579999999998	135.05330000000001	137.7816	135.05330000000001	139.14579999999998	Fuzzy Lighting (MWh)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	91.672519999999949	81.850459999999998	89.217000000000027	88.398499999999999	91.672519999999949	85.942980000000006	91.672519999999949	90.444760000000258	87.170739999999654	91.672519999999949	87.170739999999654	90.444760000000258	



BMS HVAC (MWh) 	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	346.17140000000001	325.44740000000002	412.74189999999999	469.89210000000003	590.19960000000003	646.60479999999995	706.71069999999997	714.34149999999795	663.03109999999947	574.18269999999939	435.56330000000003	366.62169999999969	Fuzzy HVAC (MWh)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	258.44309999999916	237.44449999999998	301.39629999999892	373.8116	519.09770000000003	562.71770000000004	629.55409999999949	622.65559999999948	579.52159999999947	466.34379999999999	322.3039	270.68200000000002	



BMS Total Energy (MWh)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	765.88239999999996	705.59730000000002	835.18129999999996	876.41609999999946	1009.9109999999994	1055.857	1126.422	1135.4170000000001	1070.9190000000001	993.89369999999997	843.45149999999819	787.69690000000003	Fuzzy Total Energy (MWh)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	632.04499999999996	573.94079999999997	672.54269999999769	735.04499999999996	892.69970000000205	921.49549999999999	1003.1559999999994	995.02970000000005	939.52729999999769	839.94579999999996	682.30959999999948	643.05619999999794	



BMS Fanger PMV	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.17577570000000001	0.17700020000000025	0.25253319999999996	-0.46563349999999998	-0.2958171000000005	-6.2730010000000128E-2	4.6190950000000001E-2	0.12754420000000025	-6.4497250000000145E-2	0.4589319	0.34021710000000005	0.21593210000000043	Fuzzy Fanger PMV	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.10980500000000012	0.14490960000000028	0.33368200000000076	-0.12740660000000001	0.22275110000000001	0.49897080000000094	0.56457159999999951	0.6314071	0.50244820000000001	0.81076130000000002	0.51668480000000061	0.20768139999999999	


Lighting  BMS (MWh)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	160.92720000000043	145.3536	160.92720000000043	155.73599999999999	160.92720000000043	155.73599999999999	160.92720000000043	160.92720000000043	155.73599999999999	160.92720000000043	155.73599999999999	160.92720000000043	Lighting Fuzzy (MWh)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	71.541230000000027	64.241100000000259	70.567880000000002	69.107849999999999	71.541230000000027	68.134500000000003	71.541230000000027	71.054550000000006	68.621169999999992	71.541230000000027	68.621169999999992	71.054550000000006	



BMS HVAC (MWh)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	277.09179999999861	263.07749999999999	361.34629999999999	443.51869999999963	549.28400000000181	607.71420000000001	658.64719999999795	659.41089999999997	612.00480000000005	510.78659999999849	380.18440000000032	287.20259999999911	Fuzzy HVAC (MWh)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	221.04040000000001	222.40470000000002	299.19579999999911	370.65359999999993	469.9330999999986	532.00509999999997	611.93719999999757	578.04559999999947	541.8583000000001	424.54020000000008	316.48809999999861	221.31190000000001	



BMS Total Energy (MWh)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	706.23099999999999	650.68709999999999	790.4855	858.81469999999808	978.42319999999938	1023.01	1087.7860000000001	1088.55	1027.3009999999999	939.92580000000009	795.48040000000003	716.34179999999947	Fuzzy Total energy (MWh)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	560.79360000000054	528.90180000000009	637.97569999999996	699.3214999999982	809.68640000000005	859.69960000000003	951.69040000000052	917.31219999999757	870.03949999999998	764.29340000000207	644.66919999999948	560.57850000000053	



BMS Fanger PMV	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	-0.12214810000000002	-3.95E-2	9.5600000000000046E-2	-0.59672579999999997	-0.44423029999999997	-0.30338720000000063	-0.25441450000000032	-0.24199920000000047	-0.29687370000000063	0.34563909999999998	0.22109599999999999	-6.3800000000000009E-2	Fuzzy Fanger PMV	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	-0.21707679999999999	-8.2300000000000012E-2	0.1701038	-0.32151000000000063	-7.2700000000000143E-3	0.30292810000000076	0.34116940000000001	0.3570238000000005	0.28023509999999996	0.59084700000000001	0.30748040000000093	-0.17537079999999997	


ON/OFF Lighting  (MWh)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	50.808450000000001	46.363800000000005	52.028550000000145	49.326900000000002	50.808450000000001	50.547000000000004	50.808450000000001	51.418500000000002	49.936950000000003	50.808450000000001	49.936950000000003	51.418500000000002	Fuzzy Lighting (MWh)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	25.251709999999989	24.140549999999919	28.694140000000001	24.881319999999938	25.251709999999989	28.32375	25.251709999999989	26.972930000000002	26.602539999999927	25.251709999999989	26.602539999999927	26.972930000000002	



ON/OFF HVAC (MWh)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	61.752300000000012	69.345490000000012	93.788169999999994	108.93350000000002	125.80869999999999	143.6788	139.45780000000019	143.77199999999999	137.91070000000002	124.7499000000001	97.243170000000006	71.199010000000001	Fuzzy HVAC(MWh)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	42.358899999999998	55.061190000000003	77.948050000000023	90.786620000000099	111.45920000000002	139.34969999999998	139.94140000000004	146.22979999999998	134.83800000000019	111.04049999999999	78.417120000000168	53.451509999999999	



On/Off Total Energy (MWh)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	220.62679999999997	213.31730000000007	253.8827000000002	262.84040000000044	284.6832	298.80579999999969	298.3322	303.25649999999962	292.42759999999936	283.62440000000032	251.76009999999999	230.68349999999998	Fuzzy Total Energy (MWh)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	175.67659999999998	176.80970000000002	214.70820000000001	220.24789999999999	244.77689999999998	272.2534	273.25909999999999	281.26869999999963	266.0206	244.35820000000027	209.59969999999998	188.49040000000019	



ON/OFF Fanger PMV	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	-0.18814590000000031	-4.7000000000000014E-2	0.18541360000000037	-0.18673020000000037	0.46156280000000038	1.141416	1.5394139999999998	1.723740999999998	1.1538629999999999	0.93550249999999957	0.32173800000000002	-5.6381899999999999E-2	Fuzzy Fanger PMV	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	-0.1198877	0.10813040000000013	0.35897090000000087	7.9600000000000004E-2	0.63908229999999999	1.0735139999999999	1.3273959999999998	1.464348	1.0403209999999998	1.044292	0.50885639999999888	3.7999999999999999E-2	
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