Supplementary Materials
Table S1. Technology-Specific Inventory Parameters (Source: USEEIO v2.0 (EPA, 2020); TEİAŞ, 2023; Akyüz et al., 2024; Broesicke et al., 2024)
	Technology
	USEEIO Sector Code
	Primary Energy Input
	Amount (per pax)
	Unit
	Output (kWh-eq/pax)
	Notes

	Solar PV/BIPV
	221100
	Grid electricity (backup)
	0.50
	kWh
	2.50 (gen) – 1.80 (export)
	Net export credit applied

	On-site Wind
	221100
	Grid electricity (backup)
	0.35
	kWh
	3.00 (gen) – 2.20 (export)
	Capacity factor = 30%

	GSHP
	221100
	Electricity
	1.20
	kWh
	4.20 (thermal)
	COP = 3.5

	Biomass / WtE
	321100, 562000
	Wood pellets
	0.80
	kg
	2.00
	Biogenic CO₂ excluded

	AI/BMS
	518200
	ICT infrastructure
	0.05
	kWh
	-0.40 (saving)
	15% energy reduction

	SAF & e-GSE
	324110
	Sustainable aviation fuel
	0.20
	kg
	1.50
	80% GHG reduction vs fossil

	CHP / Tri-generation
	221100, 221200
	Natural gas
	1.20
	m³
	2.0 (el), 1.5 (heat), 0.8 (cool)
	Exergy-based allocation

	Notes: USEEIO v2.0 data; Turkish grid mix (TEİAŞ 2023); COP/EER from literature.



Table S2. Turkish Electricity Grid Mix (2023) (Source: TEİAŞ, 2023; EPA TRACI 2.1, 2020; IEA, 2022)
	Fuel Source
	Share (%)
	CO₂ (g/kWh)
	SO₂ (mg/kWh)
	NOₓ (mg/kWh)
	PM₂.₅ (mg/kWh)

	Natural Gas
	37.2
	490
	120
	450
	20

	Coal (lignite)
	36.8
	980
	2500
	1800
	350

	Hydroelectric
	15.4
	24
	0
	0
	0

	Wind
	6.8
	11
	0
	0
	0

	Solar PV
	2.1
	48
	0
	0
	0

	Geothermal
	1.7
	38
	50
	20
	0

	TOTAL
	100
	548.9
	1050
	830
	141



Table S3. Exergy-Based Allocation for CHP / Tri-generation (Source: IEA ETSAP CHP Technology Brief E04, 2015; Broesicke et al., 2024)
	Output
	Energy Share (%)
	Exergy Factor
	Exergy-Weighted Value

	Electricity
	40
	1.00
	0.400

	Heat (80 °C)
	45
	0.25
	0.113

	Cooling (7 °C)
	15
	0.20
	0.030




