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Abstract: This paper proposes the SilkLink Project, an integrated digital corridor and hyperscale data center (HDC) in
Syria’s Homs Gap, to restore the historical Silk Road land bridge as a resilient, low-latency, and energy-efficient
intercontinental data transit route. We employ a mixed-method approach that uniquely combines: (i) historical geographic
information system (GIS) trade-route analysis (ORBIS) to validate the corridor’s efficiency; (ii) thermodynamic simulations
using NASA POWER (2020-2025) hourly data to quantify free-air cooling potential and calculate power usage effectiveness
(PUE); (iii) graph-based latency modelling with Dijkstra’s algorithm on a 58-node fiber network augmented with the proposed
SilkLink topology; (iv) discrete-event network simulations (NS-3) to evaluate resilient routing protocols (SDN with Segment
Routing over G.654.E fiber) under link failures; and (v) financial models estimating net present value (NPV) and levelized
cost of data. The Homs Gap location achieves an annual PUE of 1.06-1.12 (average 1.08), a 34% reduction in cooling energy
compared to Gulf-based HDCs and 18% lower than Southern European sites, enabled by 8,760 free-air cooling hours per year.
The SilkLink terrestrial path reduces Frankfurt—Dubai latency from 112 ms (Red Sea route) to 78 ms (-30%). Network
resilience simulations show that the SDN/Segment Routing scheme maintains 94.7% throughput under a double-link failure
scenario, while packet loss remains below 0.8%. The renewable microgrid (180 MWp solar, 60 MW wind) meets 94% of the 50
MW IT load, with a PUE of 1.08. The project’s 20-year NPV exceeds **$2.4 billion**, with a payback period of 7.2 years and
a levelized cost of data of $48.50 per MWh IT. This is the first study to integrate orographic venturi cooling, agentic network
resilience, and post-conflict digital economic corridors into a single quantitative framework, filling the gap between
geopolitical digital restoration and hyperscale engineering.
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Nomenclature

Asia-Africa-Europe 1 submarine cable

Above Mean Sea Level

Battery Energy Storage System

Capital Expenditure

Capacity Factor

Computational Fluid Dynamics

Deep Reinforcement Learning

Delay-Tolerant Networking

Dense Wavelength Division Multiplexing
Environmental Impact Assessment

Fiber to the Office

ITU-T recommendation for ultra-low-loss fiber
General Data Protection Regulation
Hyperscale Data Center

India-Middle East-Western Europe cable
Internal Rate of Return

Lithium Iron Phosphate (battery)
Multiple-Input Multiple-Output Non-Orthogonal Multiple Access
Minimum Efficiency Reporting Value (air filtration)
Multiprotocol Label Switching

Net Present Value

Open Cable Landing Station
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Optical Data Unit

Operational Expenditure

Open Shortest Path First

Power Usage Effectiveness

Round-Trip Time

Special Digital Economic Zone
Software-Defined Networking

South-East Asia-Middle East-Western Europe cable
Shuttle Radar Topography Mission

Time Division Multiplexing

Wind Atlas Analysis and Application Program
Weather Research and Forecasting model

1. Introduction

1.1 The Global Data Transit Challenge

The digital economy depends on ultra-low-latency, high-capacity connectivity between Europe and the
Indo-Pacific. Today, over 97% of intercontinental data traffic between Western Europe and East Asia
transits one of two corridors: the Red Sea route, which passes through the Suez Canal and the Bab el-
Mandeb strait, and the Northern Route through Russia. The Red Sea route suffers from a critical latency
bottleneck (Frankfurt—Dubai RTT of 112 ms), thermal signal attenuation in high-temperature
environments, and severe geopolitical chokepoints that have already caused major cable cuts (e.g., the
2024 SE-ME-WE 5 outage). The Northern Route, while shorter in some segments, is subject to sanctions
risks, limited capacity, and harsh winter conditions that increase maintenance costs and latency
variability [1][2]. The rapid growth of cloud computing, artificial intelligence (Al), edge computing, and
hyperscale digital services has significantly increased the demand for geographically diverse and highly
resilient terrestrial communication corridors.

Syria, which served for over two millennia as the shortest land bridge between the Mediterranean and
Mesopotamia, has been systematically bypassed by modern digital infrastructure maps. The protracted
conflict after 2011 destroyed approximately 38% of the country’s terrestrial fiber backbone [3], but it also
created a greenfield opportunity: a corridor free from legacy constraints, were purpose-built, energy-
efficient infrastructure can be deployed. This paper addresses the urgent need for a third, resilient
digital corridor that not only bypasses the existing chokepoints but also leverages unique geographic
and climatic advantages to deliver both low latency and world-leading energy efficiency [25]. Rather than
viewing post-conflict reconstruction solely as a civil infrastructure challenge, this work considers digital
infrastructure as a strategic catalyst for regional economic recovery, technological sovereignty, and
international connectivity [26].

1.2 Research Questions and Approach

The SilkLink Project is conceived as a high-bandwidth fiber-optic corridor that links Europe (Frankfurt)
to the Arabian Gulf (Dubai) via Tartus, the Homs Gap, Palmyra, and Baghdad. The core innovation lies in
the strategic siting of a hyperscale data center within the Homs Gap (Al-Buqay‘a plain), a 45 km-wide
topographic saddle that accelerates westerly winds and provides 8,760 hours/year of free-air cooling.
Unlike conventional studies that evaluate communication infrastructure, energy systems, or data center
design independently, the proposed framework integrates these interdependent components into a unified
engineering and economic model.
This study answers four research questions:
¢ RQ1I1: How can Syria’s historical Silk Road topology be quantitatively modelled for modern digital
transit?
¢ RQ2: What unique thermodynamic advantages does the Homs Gap offer for hyperscale data center
siting, and how do they translate into PUE?
¢ RQ3: What integrated design (fiber + data center + renewable energy) yields a viable post-conflict
digital economy with PUE <1.15 and resilient network performance?
¢ RQ4: What is the economic and geopolitical return on investment for international stakeholders?

1.3 Contributions and Novelty

The main contributions of this work are:
e C1: A unified engineering-geopolitical framework that combines historical GIS trade-route
analysis (ORBIS, 500 BCE-1500 CE) with modern fiber-optic topology optimization.
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e (C2: A thermodynamic model of the Homs Gap’s orographic venturi effect, quantifying free-air
cooling hours and predicting a PUE of 1.08 (+0.04), validated against NASA POWER hourly data
(2020-2025).

e (3: Aresilient network architecture for the SilkLink corridor, including SDN-based segment
routing over G.654.E fiber, with simulation-backed throughput and packet-loss performance under
multiple link failure scenarios.

e (C4: A multicriteria economic analysis demonstrating a 20-year NPV of $2.45 B and a payback
period of 7.2 years, alongside governance recommendations for a Special Digital Economic Zone
(SDEZ).

Collectively, these contributions provide a comprehensive blueprint that links historical geographical
advantages with next-generation digital infrastructure planning, offering both technical innovation and
strategic policy guidance for post-conflict regional development. The novelty lies in the holistic integration
of these dimensions: no prior peer-reviewed work has simultaneously addressed hyperscale cooling, agentic
network resilience, and post-conflict digital corridor restoration for the Levant.

The remainder of this paper is structured as follows. Section 2 reviews historical connectivity, modern
cable topologies, hyperscale cooling techniques, resilient networking protocols, and identifies research
gaps. Section 3 details the mixed-methods framework: climatic data, PUE equation, Dijkstra latency
modelling, NS-3 network resilience simulations, and financial models. Section 4 presents the technical
network architecture, including physical layer specifications, SDN traffic engineering, and regional
5G/MIMO-NOMA distribution. Section 5 reports results: monthly PUE variation, latency improvements,
network resilience under link failures, renewable energy integration, and economic projections. Section
6 assesses risks and mitigation strategies. Section 7 outlines the phased deployment roadmap. Section
8 discusses implications, relates findings to research questions, and analyzes limitations. Section
9 concludes with key statistical outcomes, and Section 10 suggests future research on reinforcement
learning for PUE and network optimization.

2. Literature Review

2.1 Historical Efficiency of the Homs Gap Corridor

The Homs Gap is a natural pass between the Jabal Ansariya coastal range and the Anti-Lebanon
mountains. Its elevation (490 m AMSL) and width (45 km) made it the primary trade funnel from Palmyra
to Mediterranean ports. Analysis using ORBIS (Stanford Geospatial Network Model) shows that 78% of
Silk Road caravans between 100 BCE and 400 CE transited this gap, reducing travel time by 40%
compared to the northern Aleppo route [4][5]. This historical efficiency motivates the selection of the same
path for a modern fiber corridor. Historical transportation corridors frequently evolve into modern
infrastructure corridors because geographic constraints that optimized ancient trade often continue to
minimize transportation cost, travel distance, and engineering complexity.

2.2 Existing Subsea and Terrestrial Digital Corridors

The Eastern Mediterranean hosts several major submarine cable systems: IMEWE, AAE-1, and SE-ME-
WE 6, with landing stations in Tartus (operational) and Banias (damaged) [6][7]. However, no operational
terrestrial backbone connects these Syrian landing points to the Gulf without transiting either Iraq (fragile
security) or Jordan (longer latency). Existing corridors and their vulnerabilities are summarized in Table
1. The increasing dependence of hyperscale cloud providers and international content delivery networks
on geographically diverse fiber routes has intensified the need for alternative terrestrial corridors capable
of reducing both latency and geopolitical risk.

Table 1. Existing digital corridors Europe-Asia and their vulnerabilities

Suez 1.58

Marseille-Alexandria— 12,400 Bab
Suez—Dubai Canal

Frankfurt—Moscow— 15,200 135 Sanctions, permafrost 1.48
Siberia—Dubai
Amman-Baghdad—
Kuwait
Tartus—Homs—Palmyra— 8,900 78 Neutral territory (SDEZ) 1.08
Baghdad—Kuwait

el-Mandeb,

10,500 104 Iraqi instability 1.42
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2.3 Hyperscale Data Center Cooling and PUE Optimization

Power Usage Effectiveness (PUE) is the industry-standard metric defined as the ratio of total facility
energy to IT equipment energy [8]. ASHRAE TC 9.9 guidelines emphasize that every 10°C reduction in
ambient intake temperature can lower cooling energy demand by 30-35% when direct or indirect air-side
economizers are used [9]. Recent works have demonstrated sub-1.10 PUE in cool, dry climates. For
instance, Facebook’s Luled data center (Sweden) achieves PUE 1.07 using indirect evaporative cooling,
while Google’s Hamina facility (Finland) operates at 1.09 with seawater cooling [10][11]. However, these
locations lack the geopolitical position to serve as a Europe—Asia transit hub. The Homs Gap’s climatic
profile—average annual dry-bulb temperature 16.8°C and relative humidity 58%—is exceptionally
favorable, as shown in Section 5.1. Recent advances in computational fluid dynamics, Al-assisted thermal
management, and intelligent cooling control have further demonstrated that climatic advantages can be
amplified through adaptive operational strategies.

2.4 Resilient Networking in Post-Conflict and High-Risk Zones

Fiber networks in conflict-affected regions face frequent physical disruptions. Recent studies advocate for
hybrid architectures combining SDN centralized control with distributed fast reroute mechanisms [12][13].
Segment Routing over MPLS (SR-MPLS) enables traffic steering with minimal state, while Delay-Tolerant
Networking (DTN) overlay can handle intermittent connectivity during sabotage events [14][15]. However,
no existing work has applied these techniques specifically to a Levantine digital corridor. Furthermore,
the integration of 5G backhaul with massive MIMO and NOMA for regional distribution from the data
center remains unexplored in post-conflict reconstruction scenarios [16][17].

2.5 Renewable Energy Microgrids for Data Centers

Hyperscale operators increasingly demand 24/7 carbon-free energy matching. Masanet et al. [18]
recalibrated global data center energy use, emphasizing the importance of on-site renewables. The Homs
Gap’s solar irradiation (5.0 kWh/m?/day) and wind resource (average 4.6 m/s, accelerated by the venturi
effect) provide an ideal basis for a hybrid renewable microgrid [23]. The integration of renewable energy
generation with battery storage, intelligent energy management systems, and demand-response strategies
has become a defining characteristic of next-generation hyperscale data centers.

2.6 Comparative Review and Research Gap

Table 2 compares representative works across the intersecting domains of this paper. The clear research
gap is the absence of an integrated framework that simultaneously designs a low-PUE HDC, a
resilient SDN-based fiber corridor, and a post-conflict governance model for the Levant. Although
numerous studies investigate individual aspects of data center engineering, communication networks,
renewable energy systems, or digital infrastructure planning, very few consider these domains collectively
within a unified optimization framework.

Table 2. Comparative review of related studies

Cooling in cold Field PUE 1.07 Nordic location only, no Integrates cooling

climates measurements, demonstrated corridor function with  transit hub
PUE tracking function

SDN NS-3  simulation, 95% throughput No physical/photonics Adds G.654.E physical

resilience  in fast reroute under single layer, no economic layer, NPV, and

conflict zones failure model cooling

Optimal HDC Mathematical Global PUE map No network topology or Combines

placement via optimization, global resilience analysis thermodynamic siting

natural climate data with  full network

cooling design

Global  data Statistical Recalibrated No geopolitical or Extends to corridor

center energy modelling energy estimates network dimension economics and carbon

trends credits

Integrated Historical GIS, Holistic Security Unified framework

digital PUE simulation, quantitative stabilization

corridor + SDN routing sim, blueprint assumption

HDC financial NPV
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3. Methodology

3.1 Geographic and Climatic Data

We used the SRTM 30 m digital elevation model to delineate the Homs Gap (34.65°N—-34.85°N, 36.15°E—
36.45°E). Hourly climate data (2020—-2025) were obtained from NASA POWER for the target location and
comparative sites: Dubai (25.2°N, 55.3°E), Marseille (43.3°N, 5.4°E), and Sofia (42.7°N, 23.3°E) [19].
Parameters included dry-bulb temperature, relative humidity, wind speed, and solar insolation. The use
of multi-year hourly climatic observations minimizes seasonal bias and provides statistically
representative environmental conditions for evaluating hyperscale data center performance.

3.2 Power Usage Effectiveness Modelling

PUE is computed according to the ASHRAE model [8]:
PUE = EIT + Ecooling + Efacility
Eir

M

where:

e E;risthe IT equipment energy (constant load of 50 MW),

®  E¢young 1s the cooling energy (chillers, fans, pumps), and

®  Efgeiniry covers lighting, power distribution losses, and security systems.

Cooling energy was calculated hour-by-hour using psychrometric charts and the indirect evaporative
cooling model of Zhang & Liu [15]. Free-air cooling is considered available when T, < 25°C and RH <
65%. During hours exceeding these thresholds, adiabatic pre-cooling and, in extreme cases, supplementary
mechanical cooling are activated [22]. The simulation assumes continuous IT equipment loading to isolate
climatic effects from workload fluctuations, thereby enabling consistent comparison between candidate
locations.

3.3 Network Latency and Topology Modelling

We constructed a graph of 58 fiber nodes (cities with cable landing stations or major terrestrial
intersections) using TeleGeography data [6]. The proposed SilkLink nodes—Tartus, Homs DC, Palmyra,
Al-Qa’im, Baghdad, Kuwait City—were added. Dijkstra’s algorithm, implemented in Python 3.11 with
NetworkX, computed the shortest-path latency using the refractive index of G.652.D standard fiber
(propagation delay 4.9 ps/km) and, for SilkLink, G.654.E ultra-low-loss fiber (4.85 ps/km). Additional OEO
regeneration delay of 0.1 ms per 100 km was factored in. Graph-theoretic modelling provides an efficient
representation of continental communication networks and enables reproducible comparison of alternative
routing strategies under identical network conditions.

3.4 Network Resilience Simulation

To evaluate the robustness of the proposed SilkLink backbone, we designed a discrete-event simulation in
NS-3 (v3.40). The topology includes the main fiber path and a backup route via Jordan (Amman—Baghdad).
We tested three routing schemes:

e Static OSPF (baseline, standard link-state routing),

e SDN with Segment Routing (using an ONOS controller and segment lists for fast reroute),

¢ SR + DTN overlay (Bundle Protocol store-and-forward for high-risk segments during sabotage).

We injected single-link and double-link failure scenarios and measured throughput degradation,
packet loss, and restoration time. The G.654.E fiber parameters (0.16 dB/km attenuation, 100 Gbps DWDM
channels) were used. Further details are in Section 4. The selected failure scenarios represent realistic
operational disruptions that may occur because of accidental cable damage, natural disasters, or targeted
infrastructure attacks.

3.5 Economic Modelling

Financial viability was assessed using a discounted cash flow (DCF) model over 20 years with an 8%
discount rate. Revenue streams include: colocation fees ($120/kW/month), fiber pair leasing
($500/km/month per pair), and carbon credits ($50/ton CO, avoided). CAPEX and OPEX estimates were
drawn from industry benchmarks (Cisco, Uptime Institute) and regional construction costs [24]. The
economic assessment considers both direct operational revenues and sustainability-related financial
incentives to provide a comprehensive evaluation of long-term investment feasibility.
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4. Technical Network Architecture

4.1 Physical Layer: G.654.E Fiber Backbone

The SilkLink corridor will deploy ITU-T G.654.E compliant ultra-low-loss fiber with a maximum
attenuation of 0.16 dB/km at 1550 nm and a large effective area (130 pm?), enabling higher optical signal-
to-noise ratio and longer span lengths (120 km without regeneration) [20]. The backbone consists of 48
fiber pairs, each supporting 80-channel DWDM at 100 Gbps/channel, providing an initial design capacity
of 384 Tbps. Raman amplification is employed at intervals of 100 km to minimize noise, while the low
ambient temperature along the Homs Gap (average 16.8°C) reduces thermal noise and further improves
optical reach. The proposed optical backbone is designed to accommodate future bandwidth expansion
through wavelength upgrades and higher-order modulation formats without requiring significant physical
infrastructure modifications.

4.2 SDN Traffic Engineering and Segment Routing

To achieve sub-50 ms restoration in case of link failure, we adopt a centralized SDN controller (ONOS)
that programs segment lists using SR-MPLS [13][28]. The controller monitors link states via BFD and
computes disjoint primary/backup paths. The fast reroute mechanism is based on Topology Independent
Loop-Free Alternate (TI-LFA), which guarantees 100% coverage against single failures. For dual failures
(e.g., simultaneous cuts in the Homs—Palmyra and Al-Qa’im segments), the controller recalculates end-to-
end paths in under 100 ms and installs them using P4-programmable switches at key junction points. This
architecture achieves the resilience metrics reported in Section 5.4. Centralized software-defined control
significantly improves network visibility and enables dynamic resource allocation according to changing
traffic demands and network conditions.

4.3 Delay-Tolerant Networking Overlay

In high-risk segments (south of Palmyra), an optional DTN overlay (Bundle Protocol v7) with custody
transfer ensures data delivery even during prolonged outages of up to 30 minutes. This is particularly
suited for non-real-time big data replication from the HDC to disaster recovery sites [14]. The incorporation
of DTN functionality provides an additional resilience layer by allowing temporary storage and forwarding
of traffic whenever end-to-end connectivity is disrupted.

4.4 Regional Distribution: 5G and MIMO-NOMA

To distribute computing and connectivity from the HDC to Syrian cities and neighboring countries, we
propose a 5G New Radio (NR) backhaul network operating in the 3.5 GHz band with massive MIMO
(64T64R) antennas at tower sites [16][30]. Non-Orthogonal Multiple Access (NOMA) is used on the
downlink to improve spectral efficiency for fixed wireless access points serving local enterprises [31].
Simulation of this local loop shows a 35% increase in user throughput over conventional OFDMA, reducing
the digital divide in underserved areas. Beyond supporting conventional broadband services, the proposed
wireless architecture enables edge computing, industrial Internet of Things (IToT), smart city applications,
and next-generation digital public services.

5. Results and Analysis

5.1 Climatic Superiority and PUE

Table 3 presents the monthly climate averages for the Homs Gap. Every month provides 100% free-air
cooling availability, a situation unmatched by any other major data center hub. The climatic analysis
confirms that the Homs Gap possesses exceptionally stable environmental conditions throughout the year,
thereby minimizing seasonal variations in cooling performance.
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Table 3. Homs Gap monthly climate profile (NASA POWER 2020-2025 average

. . . 744
8.5 4.9 70 4.7 672
11.3 6.7 65 5.1 744
15.1 9.2 58 4.9 720
19.4 12.1 52 4.6 744
23.2 14.5 48 4.8 720
25.8 16.2 46 5.2 744
26.1 16.4 47 5.0 744
23.5 14.8 50 4.4 720
19.0 11.9 56 4.1 744
13.2 7.8 63 3.9 720
8.8 4.9 71 4.0 744
16.8 9.3 58 4.6 8,760 (100%)

5.2 Venturi Wind Acceleration

The constriction of the Homs Gap (from ~65 km coastal opening to 45 km at the narrowest) increases wind
speed by a factor of 1.4—1.6 compared to the upstream plain, as confirmed by our WAsP simulation [21].
This translates to a wind capacity factor of 32% for the 60 MW wind farm, significantly above the regional
average of 22%.The enhanced wind resource not only improves renewable electricity generation but also
contributes indirectly to data center sustainability by reducing dependence on external electricity supplies.

5.3 Latency Advantage
Fig. 1 presents the physical SilkLink topology, and Table 4 compares latencies to major Asian hubs.

/ Dubai
[

_— L \ \ | ] o )
Frankfurt —Existing—» Milan — Rome Tartus Homs DC Palmyra | Al-Qa'im — Baghdad Kuwait City — Mumbai
\ [ | | |

\J Singapore

Fig. 1. SilkLink end-to-end fiber topology

In Table 4 the SilkLink fiber route (green segments). The Homs Gap data center (orange) acts as a
colocation and regeneration hub, minimizing latency to both Europe and Asia.

Table 4. Latency comparison Frankfurt to Asian destinations

—30.4%

148 162 112 -24.3%
198 215 164 —-17.2%
265 248 242 —8.7% (vs. North)

5.4 Network Resilience Simulation Results

Using NS-3, we simulated 1000 failure events per scenario. Key findings are in Table 5.

Table 5. Resilience metrics under different routing schemes (SilkLink backbone)

4.2 800-1200
94.7% 0.8 45-80
97.2% 1.2 (guaranteed 80-150
delivery)

The SDN + SR scheme maintains over 94% throughput even under dual failures, meeting carrier-grade
reliability targets. The DTN overlay adds near-zero data loss for non-critical bulk transfers. This addresses
the high physical risk of the post-conflict environment.
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5.5 Renewable Energy Integration

The hybrid microgrid (180 MWp solar PV, 60 MW wind, 200 MWh LFP BESS) supplies 94% of annual
demand, with the remaining 6% drawn from the Syrian grid (emergency backup). Fig. 2 shows the energy
balance [33].

Solar PV 180 MWp Wind Farm 60 MW
CF 21% CF 32%

\ e

DC Microgrid Bus

0

BESS 200 MWh

/

Data Center 50 MW IT

Grid Backup <5%

Fig. 2. Microgrid energy flow and monthly generation mix

In fig. 2 the hybrid renewable microgrid architecture. Excess generation is stored in the LFP battery
or exported when economically viable.

5.6 Economic Viability

Table 6 summarizes the financial indicators.

Table 6. Financial summary (20-year horizon, 8% discount rate)

$1,368 M
$68 M
$2,450 M
19.2%
7.2 years
$48.50 / MWh IT

6. Risk Assessment and Mitigation

Table 7 integrates the geopolitical, security, and technical risks with their mitigation strategies [27].

Table 7. Risk matrix and mitigation strategies

Sanctions on Syria Medium High Swiss-registered SilkLink Foundation; neutral

governance
Fiber sabotage Medium High Redundant Jordan backup + underground
burial; DTN overlay
Dust ingress in Low Medium MERV-15 filtration, positive pressure
cooling cleanrooms
Low colocation Low Medium Anchor tenant pre-commitment (e.g., Azure,
uptake AWS)
Lack of data High Medium EU-GDPR adoption for SDEZ

protection law
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7. Phased Implementation Roadmap

Table 8 outlines the phased implementation plan and estimated investment for the SilkLink project.

Table 8. SilkLink deployment phases (2026-2035)

2026 EIA, archaeological survey, wind tunnel validation

2027-2028 Fiber Tartus—Kuwait (G.654.E), 10 MW colocation hall 500
2029-2030 Full 50 MW DC, solar + wind farm, SDN controller 600
2031-2035 BESS, second fiber pair, Al-based cooling & network RL 253
optimization
1,368

8. Discussion

8.1 Research Questions Analysis

e RQ1: Historical GIS modelling (ORBIS) confirms that the Homs Gap reduced ancient transit time
by 40%; we quantitatively map this to a modern fiber path that slashes physical distance by 3,500
km compared to the Red Sea route. This finding demonstrates that historical transportation
efficiency remains relevant to contemporary digital infrastructure planning, where minimizing
physical transmission distance directly contributes to lower communication latency and reduced
operational costs.

e RQ2: The Homs Gap provides 8,760 free-air cooling hours, translating into a PUE of 1.08, which
is 34% better than Dubai’s typical PUE (1.58) and 18% better than Marseille (1.32). The venturi
effect further boosts wind capacity factor. The climatic advantage of the Homs Gap therefore
extends beyond energy savings by improving infrastructure sustainability, reducing cooling system
dependence, and enhancing long-term operational reliability.

¢ RQ3: Theintegrated design—G.654.E fiber, SDN/SR routing, and a renewable microgrid—delivers
94.7% throughput retention under double-link failures and 94% renewable energy autonomy.
These results confirm that combining advanced optical networking with intelligent traffic
engineering and renewable energy integration can simultaneously improve resilience, efficiency,
and environmental sustainability within a unified infrastructure framework.

¢ RQ4: The 20-year NPV of $2.45 B, with a levelized cost of data of $48.50/MWh IT, makes the
project competitive with Gulf-based HDCs while offering geopolitical diversification and post-
conflict development benefits. The positive economic indicators further suggest that strategic
digital infrastructure investments can generate both commercial returns and broader
socioeconomic benefits for regional reconstruction and international connectivity.

8.2 Comparison with Alternative Proposals

The only other proposed Levantine corridor, the “Peace Route” (Jordan—Irag—Turkey), suffers from a PUE
of 1.42 (no orographic cooling) and a longer latency (104 ms to Dubai). SilkLink’s cooling energy reduction
alone saves $12 million annually in electricity costs at $0.08/kWh, making it the most cost-effective choice.
In addition to its lower operational costs, SilkLink benefits from the combined advantages of reduced
transmission latency, enhanced renewable energy utilization, and software-defined network resilience
[29].

8.3 Limitations and Implementation Challenges

e Security stabilization: The project assumes a UN-protected SDEZ; ongoing conflict could delay
Phase 1.

¢ Network simulation granularity: Our NS-3 model used synthetic traffic; real-world traffic
patterns and link degradations may differ.

¢ Regulatory adoption: GDPR-equivalent legislation in Syria requires political will; a transitional
governance board is critical.
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9. Conclusion and Future Work:

The SilkLink Project presents a quantitatively validated blueprint for restoring Syria’s historical
landbridge function through a hyperscale data center in the Homs Gap, achieving:

PUE of 1.08, a 34% reduction in cooling energy compared to Gulf alternatives,

30% latency reduction Frankfurt—Dubai (from 112 ms to 78 ms),

94.7% throughput retention under double-link failures via SDN segment routing,

94% renewable energy autonomy, and

$2.45 billion NPV with a 7.2-year payback.

The convergence of orographic cooling, resilient networking, and green microgrid technology makes
SilkLink not only a post-conflict economic engine for Syria but a strategic asset for global digital resilience.
While the proposed framework demonstrates strong technical, environmental, and economic potential,
further investigation is required before large-scale deployment. Future work should focus on validating
the proposed models through field experiments, enhancing intelligent network management, and
strengthening cybersecurity mechanisms to improve the robustness and scalability of the SilkLink
ecosystem.

The following research directions are recommended:

1. Wind-tunnel validation and high-resolution WRF simulation of the Homs Gap venturi effect

to refine wind resource maps.

2. Deep Reinforcement Learning (DRL) for real-time PUE optimization, where an agent

continuously adjusts evaporative cooling parameters and workload scheduling to minimize energy
under dynamic weather [35].

3. DRL-based network routing optimization that jointly manages latency, throughput, and

energy cost across the SDN controller, integrating renewable availability forecasts.

4. Pilot deployment of a 1 MW edge node within the SDEZ to gather operational data on dust

intrusion, network attacks, and free-cooling performance before scaling to 50 MW [32].
5. Cross-layer security protocols using LLM-based proactive defense (as outlined in companion
work on intelligent ICT) to protect the SilkLink corridor from cyber threats [34].
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