												


[image: A logo for a university

Description automatically generated]Midocean University 
College of Management
Department of Business Administration

The Aggregation Solution Resolving the MRV Viability Gap to Unlock Carbon Revenue in Saudi Arabia's Facility Management Sector
Prepared by:
Ahmed Salih

Supervised by:
Dr. Fayez Jrad






Year:2026
Table of Contents


1.	Introduction	3
2.	Problem Statement	5
3.	Importance of the Study	6
4.	Research Objectives	6
5.	Research Questions	9
6.	Research Hypotheses	9
7.	Previous Research	11
8.	Theoretical Framework	11
9.	Research Methodology	16
10.	Research Instruments / Tools	16
11.	Research Limitations	22



1. [bookmark: _Toc225367426]Introduction

Saudi Arabia’s Vision 2030 is the Kingdom’s most ambitious national transformation program, placing environmental sustainability at the center of economic diversification. Through its operational arm, the Saudi Green Initiative (SGI), the Kingdom has committed to abating 278 million tons of carbon emissions annually by 2030 and achieving net-zero by 2060 legally grounded commitments to the UNFCCC backed by over SAR 705 billion in active investment across 85+ initiatives (SGI, 2024). Saudi buildings consumed approximately 78% of the nation’s total energy in 2023 (Almasri et al., 2025), making the built environment the single largest sectoral energy burden in the Kingdom and the most accessible source of verified emission reductions available to the private sector.
The infrastructure to monetize these reductions now exists. The Regional Voluntary Carbon Market Company (RVCMC), established under the Public Investment Fund as a direct Vision 2030 capital market instrument, launched its live carbon credit exchange platform in November 2024 with 23 founding Saudi and international trading companies (RVCMC, 2024). The platform has confirmed a clearing price of SAR 37.50 per ton of CO₂e — approximately 7–8 times the global VCM average — and the Saudi VCM market is projected to grow from USD 21.7 million in 2023 to USD 124.6 million by 2030 at a CAGR of 28.4% (Grand View Research, 2025). Meanwhile, KAPSARC research confirms that even a basic Level 1 building retrofit program could reduce national electricity consumption by 10,054 GWh per year and abate 7.611 million tons of CO₂ annually (Krarti et al., 2017) a 2.7% contribution to the SGI’s annual target from the building sector alone.
Riyadh’s Grade A and B office stock runs in ASHRAE Climate Zone 1B, generating Energy Use Intensities of 250–350 kWh/m²/year as HVAC systems run at near-maximum capacity for eight to ten months per year. The IEA (2025) estimates that improved MENA air conditioner efficiency could reduce regional peak demand growth by 35 GW by 2035. For the Facility Management (FM) sector which controls the HVAC, Building Management Systems, and metering infrastructure that determine a building’s energy performance this engineering gap is a latent financial asset. Energy not consumed is carbon not emitted, and carbon not emitted, once verified, is a tradeable credit on the RVCMC exchange.
However, a structural market failure blocks this opportunity. Converting energy savings into tradeable credits requires third-party Monitoring, Reporting, and Verification (MRV) by internationally accredited auditors a fixed cost of SAR 40,000 to SAR 80,000 per registration cycle regardless of building size. For a 10,000 m² office building, the annual carbon revenue of SAR 22,838 covers only 38% of the minimum MRV cost, making isolated participation financially unviable. This research proposes and models a solution: portfolio aggregation under a shared Program of Activities (PoA), which dilutes the MRV cost per ton from SAR 98.52 to SAR 8.72, and combined with OPEX electricity savings and CBAM-driven carbon price appreciation transforms energy retrofit investment into a compelling, Vision 2030-aligned financial proposition.

1.1. Research Gap

The existing literature divides into two parallel streams that Vision 2030 requires to be bridged. The macro-level stream covering carbon market structures, SGI policy design, and global VCM trends provides context but no financial model applicable to individual FM operators. The micro-level stream covering retrofit engineering, building energy standards, and GCC FM operations provides technical solutions but no economic framework for monetizing them through carbon markets. Notably, KAPSARC’s Residential Energy Model (REEM) provides sophisticated bottom-up modelling for the residential sector (Belaïd & Aldubyan, 2024), while no equivalent commercial building carbon monetization model exists. This study fills that gap by providing the first Saudi-specific deterministic financial framework that: (a) quantifies the MRV cost barrier at the building level; (b) identifies the exact aggregation scale at which the market failure is resolved; (c) models three investment scenarios across 15 years; and (d) projects carbon credit value appreciation under CBAM-driven demand all grounded in Vision 2030’s policy architecture.







2. [bookmark: _Toc225367427]Problem Statement

The central research problem is:

“To what extent do current MRV transaction costs on the Regional Voluntary Carbon Market create a financial viability gap for individual commercial facilities in Riyadh, and what structural interventions specifically portfolio aggregation under a Program of Activities and a government MRV subsidy are required to convert energy efficiency into a commercially viable carbon revenue stream aligned with Vision 2030 targets?”

This problem is rooted in a financial paradox. The RVCMC has created one of the world’s highest-value voluntary carbon markets yet participation from commercial real estate is negligible. The reason is structural: MRV costs are fixed and indivisible at the project level, while carbon yield scales with building area. At the current clearing price of SAR 37.50/tCO₂e (RVCMC, 2024), a standalone 10,000 m² Riyadh office building generates only SAR 22,838 in annual carbon revenue against a minimum SAR 60,000 MRV cost a deficit of SAR 37,163 that makes carbon-only participation irrational. The result is a market failure: Vision 2030’s most accessible source of private-sector emission reductions is blocked not by technology, regulation, or lack of market infrastructure, but by arithmetic.
KAPSARC research by Belaïd (2025) finds the ‘energy efficiency paradox’ in Saudi buildings  the systematic under-adoption of cost-effective technologies driven by split incentives, informational gaps, and lack of proper financing instruments. Al-Surf and Al-Fagih (2024) confirm that in GCC multi-tenant buildings, landlords bear 100% of retrofit CAPEX while tenants capture 100% of OPEX electricity savings, creating a principal-agent conflict that rationally prevents investment. Carbon monetization theoretically resolves this conflict by creating a direct principal-level revenue stream but only if the MRV transaction cost barrier is overcome through aggregation at the portfolio scale. No existing study models this threshold for the Saudi market. This dissertation fills that gap.
3. [bookmark: _Toc225367428]Importance of the Study
[bookmark: _Toc225367429]3.1. Scientific Importance
This research makes three original contributions to knowledge. First, it extends Transaction Cost Economics (Coase, 1937; Williamson, 1981) by empirically measuring MRV costs as a market-failure mechanism within an emerging voluntary carbon market and demonstrating that portfolio aggregation constitutes a Coasian correction to that failure the first such application in a Saudi or GCC context. Second, it integrates Agency Theory (Jensen & Meckling, 1976) to show that carbon monetization structurally resolves the split-incentive barrier documented by Al-Surf and Al-Fagih (2024) and Belaïd (2025) at the national level, without requiring changes to lease structures. Third, it delivers a replicable deterministic financial modelling method for voluntary carbon market participation in oil-exporting nations with subsidized energy tariffs applicable across GCC economies pursuing Vision-aligned decarbonization strategies.
3.2. Practical Importance — Vision 2030 Alignment
The practical value of this study maps directly to four pillars of Vision 2030’s sustainability and economic diversification agenda:
· Macroeconomic (SGI & Fiscal Diversification): Krarti et al. (2017) confirm that national-scale building retrofits can abate 7.611 million tCO₂e annually. This study models how a targeted government MRV Verification Fund estimated at SAR 42.5 million total can mobilize SAR 2.4 billion in private retrofit investment at a leverage ratio of 56:1, simultaneously reducing domestic electricity demand, freeing subsidized oil for export, and contributing measurable SGI abatement at minimal public cost.
· Industry-level (FM Transformation): The Saudi FM market is valued at USD 25.75 billion (2024), projected to reach USD 56.33 billion by 2032 (Fortune Business Insights, 2025). By 2025, real-time energy and carbon data are already mandatory contractual deliverables in major GCC FM contracts (MEFMA, 2025). This study provides FM executives with quantified financial models to accelerate this transition from reactive maintenance to performance-based Energy Performance Contracts, positioning FM as a strategic private-sector partner in Vision 2030 delivery.
· Asset-level (Real Estate & Green Premium): Saudi Arabia holds the highest concentration of LEED-certified buildings in the Middle East (GBCI, 2024), and the national Building Sustainability Assessment System evaluated 75 projects covering 47 million m² in 2024 a 32% year-on-year increase (Skyline Holdings, 2025). Carbon revenue stands for the next financial layer above green certification, enabling asset owners to incorporate RVCMC income streams into NPV models and command an enhanced Green Premium in Riyadh’s leasing market.
· International Markets (New Economy & CBAM): An IMF Working Paper (2025) classifies Saudi Arabia among the GCC economies most exposed to CBAM’s USD 106 billion annual welfare impact on developing countries. This study proves that generating and holding verified RVCMC credits converts this structural trade vulnerability into a tradeable financial asset, positioning Saudi FM companies as premium suppliers to European CBAM-driven demand and directly advancing Vision 2030’s new-economy agenda.

4. Research Objectives
[bookmark: _Toc225367431]4.1. Primary Objectives
· Quantify the MRV Viability Gap: To calculate the annual net cash flow deficit for a single 10,000 m² commercial building participating in the RVCM at current market conditions, establishing the precise magnitude of the MRV transaction cost barrier that prevents Vision 2030’s built-environment carbon targets from being realized through individual building participation.
· Model Aggregation Economics: To figure out the MRV cost per ton at each stage of portfolio growth and find the minimum portfolio configuration measured in buildings and total GLA at which carbon market participation becomes financially self-sustaining under the RVCMC’s current market structure.
· Evaluate Government Policy Impact: To quantify the effect of a proposed 5-year government MRV subsidy on portfolio-level Simple Payback Period (SPP) and 15-year Return on Investment (ROI), and to calculate the implied policy leverage ratio as a cost-benefit input for SGI program design.
· Project Carbon Asset Appreciation: To model how the Saudi VCM market’s projected growth from USD 21.7 million to USD 124.6 million by 2030, combined with CBAM-driven international demand, affects the 15-year financial return of the aggregated FM portfolio, establishing verified RVCMC credits as an appreciating asset aligned with Vision 2030’s new-economy goals.
4.2. Secondary Objectives
· Map the FM-to-EPC Transition: To outline the contractual and operational shift from headcount-based FM maintenance contracts to Energy Performance Contracts (EPCs), enabling FM companies to capture a share of combined energy and carbon revenue as performance-based compensation.
· Conduct Carbon Price Sensitivity Analysis: To test the financial model’s robustness against ±20% variation in the RVCM clearing price, establishing minimum and optimistic return boundaries for investment decision-making.
· Assess the Greening Grid Risk: To analyses how Vision 2030’s 50% renewables target, if achieved, would reduce the Saudi Grid Emission Factor and erode carbon yield over the investment horizon, and to recommend early-registration strategies that protect credit yields during the energy transition.
5. [bookmark: _Toc225367432]Research Questions
[bookmark: _Toc225367433]This study addresses the following core questions to achieve these objectives:
· RQ1 (The Viability Gap): To what extent do current MRV transaction costs on the RVCMC create a financial viability gap for individual commercial facilities in Riyadh at the confirmed clearing price of SAR 37.50/tCO₂e, and what is the minimum annual carbon revenue required for market participation to be financially rational?
· RQ2 (The Aggregation Solution): At what portfolio scale measured in number of buildings and total GLA does aggregation under a shared RVCMC Program of Activities reduce MRV cost per ton to a level that produces a positive 15-year ROI satisfying private developer hurdle rates?
· RQ3 (The Policy Impact): What is the project-level financial impact of a 5-year government MRV subsidy on portfolio SPP and ROI, what is the implied policy leverage ratio against private investment mobilized, and how does this compare to other Vision 2030 private-sector activation instruments?
· RQ4 (Carbon as an Appreciating Asset): How does the projected growth of the Saudi VCM market to USD 124.6 million by 2030, combined with CBAM-driven European demand for high-integrity voluntary offsets, affect the 15-year cumulative financial return of an FM company holding a registered RVCMC PoA portfolio?







6. Research Hypotheses
In alignment with the deterministic financial modelling method adopted in this study, the following hypotheses are formulated as directional financial propositions to be verified through quantitative scenario analysis rather than inferential statistical testing. Each hypothesis is directly linked to a Vision 2030 policy or market dimension.

	Hypothesis
	Statement
	Test Method

	H1
	At the current RVCM price of SAR 37.50/tCO₂e, a standalone 10,000 m² commercial building generates a carbon-only net cash flow deficit after MRV costs, making isolated RVCMC participation financially unviable and confirming that Vision 2030’s built-environment targets cannot be achieved through individual building participation alone.
	Scenario A financial model single building, full MRV cost

	H2
	A portfolio of 10 buildings (7 small + 3 large, total GLA: 160,000 m²) operating under a shared RVCMC PoA will reduce the MRV cost per ton to below SAR 10/tCO₂e, producing a positive 15-year ROI under low and mid CAPEX scenarios that satisfies private developer hurdle rates.
	Scenario B financial model aggregated portfolio, shared MRV

	H3
	A 5-year government MRV subsidy will accelerate the portfolio’s Simple Payback Period and improve 15-year ROI, with a policy leverage ratio demonstrating the subsidy as a cost-effective Vision 2030 SGI private-sector activation instrument.
	Scenario C financial model subsidized portfolio, Yr 1–5 MRV waived

	H4
	As the Saudi VCM market expands toward USD 124.6 million by 2030 and European CBAM enforcement intensifies international demand, annual carbon revenue of the aggregated portfolio will increase by at least 300% over 15 years, establishing verified Saudi credits as an appreciating new-economy financial asset.
	CBAM appreciation projection price trajectory modelling over 15 years


Table 1: Research Hypotheses, Statements, and Test Methods
7. [bookmark: _Toc225367434]Previous Research
[bookmark: _Toc225367442]This review organizes existing knowledge into five thematic areas, identifies convergence and divergence across studies, and concludes with a comparative gap matrix that establishes precisely what this dissertation contributes. All literature is contextualized within Vision 2030’s strategic framework.

[bookmark: _Toc232779215]7.1. GCC Facility Management: Paradigm Shift in Progress
MEFMA (2023) documents that over 70% of GCC FM contracts are awarded on a lowest-bid basis, with energy management excluded from contractual scope. However, the market is shifting: the Saudi FM sector was valued at USD 25.75 billion in 2024, projected to reach USD 56.33 billion by 2032 at a CAGR of 10.8% (Fortune Business Insights, 2025). By 2025, major GCC clients now require real-time energy and carbon data as contractual FM deliverables, and MEFMA’s Mustadam Certified Sustainability FM credential has established BMS competency as a market baseline skill (MEFMA, 2025). JLL (2024) documents a ‘Green Premium’ of 5–12% in rental yields for certified GCC buildings, confirming that the financial case for energy performance investment is emerging. Al-Mofeez and Nait-Sidnas (2025) confirm that retrofit engineering solutions for arid-climate commercial buildings are technically mature, but that financing mechanisms remain the primary constraint.

[bookmark: _Toc232779216]7.2. Carbon Market Mechanics: The Saudi Premium
The World Bank (2025) documents the global VCM average price of USD 1–5/ton at which energy-efficiency monetization is economically irrelevant at the building scale. The Ecosystem Marketplace (2025) confirms continued global VCM contraction, with transaction values falling 29% in 2024 due to integrity concerns around low-quality credits, while demand for high-integrity credits remains strong. The RVCMC’s November 2024 exchange launch — with Expansive as institutional infrastructure partner positions Saudi Arabia to capture this high-integrity premium at a clearing price of SAR 37.50/tCO₂e (RVCMC, 2024). PwC Middle East (2024) confirms MRV registration costs of SAR 40,000–80,000 per project, validating the transaction cost barrier at the core of this research.

[bookmark: _Toc232779217]7.3. Vision 2030, the SGI, and the KSA Built Environment
Almasri et al. (2025), in KFUPM-supported research, confirm that Saudi buildings consumed 78% of national total energy in 2023. Krarti, Dubey and Howarth (2017), in a KAPSARC-linked foundational study, establish that even basic building retrofits can reduce national electricity consumption by 10,054 GWh/year and abate 7.611 million tCO₂e annually the national-scale benchmark against which this portfolio model is validated. Islam and Ali (2024) confirm that the electricity sector, dominated by building loads, must be the first to decarbonize as the most cost-effective pathway to Vision 2030’s NDC commitments. Luomi, Zakkour and Gasim (2025) for KAPSARC confirm that the built environment is a significant but underutilized source of Saudi carbon credits, without modelling the MRV barrier or proposing aggregation as a resolution. Deloitte Middle East (2025) documents the regulatory trajectory from voluntary to mandatory carbon reporting across the GCC, with UAE mandates as the leading indicator for Saudi evolution.

[bookmark: _Toc232779218]7.4. Theoretical Foundations
[bookmark: _Toc232779219]7.4.1. Transaction Cost Economics and the MRV Barrier
Originating with Coase (1937) and formalized by Williamson (1981), TCE holds that market transactions carry costs beyond the price of the traded good. In the RVCM, MRV constitutes the ‘enforcement’ cost that must be paid to mint a tradeable carbon credit. When this fixed cost exceeds the revenue of the asset being verified, no rational market participant will transact. TCE directly predicts the aggregation solution: increasing transaction volume until per-unit costs become acceptable. This study’s model shows the threshold is crossed at approximately 30,000 m² of pooled floor area.
[bookmark: _Toc232779220]7.4.2. Agency Theory and the Split-Incentive Dilemma
Jensen and Meckling (1976) describe the principal-agent conflict arising when principals bear costs, but agents capture benefits. Al-Surf and Al-Fagih (2024) document this precisely in GCC commercial buildings: landlords invest CAPEX, tenants capture OPEX savings. Belaïd (2025) independently confirms the split incentive as one of three primary barriers to energy efficiency adoption across Saudi Arabia’s entire building sector, providing KSA-specific peer-reviewed confirmation at national scale. Carbon credits legally owned by the implementing entity regardless of lease structure constitute a structural bypass to this agency conflict.
[bookmark: _Toc232779221]7.4.3. The Rebound Effect
Belaïd and Mikayilov (2024) document a direct rebound effect of 41–71% in Saudi residential electricity efficiency improvements, partially eroding projected savings. Aldubyan, Belaïd and Gasim (2024) specifically examine this in Saudi cooling the dominant commercial energy end-use. This has direct implications for the MRV additionality requirements in this study: BMS-based real-time monitoring is essential not only for PoA registration but to detect and manage rebound behavior, ensuring carbon reductions are genuine and auditable.

[bookmark: _Toc232779222]7.5. CBAM, International Demand, and Carbon Asset Appreciation
McKinsey (2025) projects that EU CBAM enforcement will create intense demand for high-integrity voluntary offsets from Global South. The IMF (2025) classifies all six GCC members as particularly exposed to CBAM’s spillover effects, forecasting an annual welfare loss of USD 106 billion across developing countries by 2030. He, Zhai and Ma (2025), using a recursive dynamic CGE model, confirm that CBAM widens GDP gaps between developed and developing economies. The World Economic Forum (2024) classifies verified carbon credits as an emerging asset class with supply constraints and price appreciation characteristics. For Saudi FM companies, generating and holding RVCMC credits converts a structural CBAM exposure into a tradeable financial asset — fully consistent with Vision 2030’s new-economy diversification agenda.













[bookmark: _Toc232779223]7.6. Research Gap Matrix

	Study
	KSA-Specific
	MRV Barrier
	Aggregation
	CBAM
	V2030
	Financial Model

	Luomi et al., 2025 (KAPSARC)
	✓
	✗
	✗
	✗
	✓
	✗

	Belaïd, 2025 (KAPSARC/Nature)
	✓
	✗
	✗
	✗
	✓
	✗

	Krarti et al., 2017 (KAPSARC)
	✓
	✗
	✗
	✗
	✓
	✗

	Al-Surf & Al-Fagih, 2024
	✓
	✗
	✗
	✗
	∼
	✗

	Belaïd & Mikayilov, 2024 (KAPSARC)
	✓
	✗
	✗
	✗
	✓
	✗

	World Bank, 2025
	✗
	✗
	✗
	✗
	✗
	✗

	PwC Middle East, 2024
	✓
	∼
	✗
	✗
	✓
	✗

	McKinsey, 2025
	✗
	✗
	✗
	✓
	∼
	✗

	IMF Working Paper, 2025
	∼
	✗
	✗
	✓
	✗
	✗

	JLL Middle East, 2024
	✓
	✗
	✗
	✗
	✓
	✗

	THIS STUDY
	✓
	✓
	✓
	✓
	✓
	✓



Table 2: Comparative Literature Gap Matrix (✓ = addresses; ∼ = partially; ✗ = does not address)

8. Theoretical Framework
This research is anchored in two complementary economic theories. Together they explain both the market failure and the proposed solution, and their interaction defines the conceptual model that guides all financial modelling.

[bookmark: _Toc232779225]8.1. Transaction Cost Economics — Why the Market Fails
Coase (1937) established that market participation carries costs beyond the price of the traded good; Williamson (1981) formalized these as search, negotiation, and enforcement costs. In the RVCM, enforcement takes the form of MRV: the independent verification that emission reductions are real, additional, and permanent. For a 10,000 m² building, the enforcement cost (SAR 60,000) exceeds the asset value (SAR 22,838). TCE predicts the market will not clear and it does not. TCE also predicts the correction: aggregate transactions until per-unit costs fall below per-unit value. The aggregation model tested in this study is precisely this Coasian correction, applied to the Saudi carbon market.

[bookmark: _Toc232779226]8.2. Agency Theory — Why Landlords Do Not Invest
Jensen and Meckling (1976) formalize the conflict when principals bear costs, but agents capture benefits. In GCC multi-tenant commercial buildings, landlords invest CAPEX for energy efficiency; tenants capture OPEX savings through lower utility bills. This split incentive has been confirmed empirically in the Saudi context (Al-Surf & Al-Fagih, 2024; Belaïd, 2025). Carbon monetization offers a structural bypass: verified credits are legally owned by the entity that implements the emission reduction the landlord or FM company regardless of lease billing arrangements. This creates a direct principal-level revenue stream that Vision 2030’s SGI incentive architecture is designed to amplify through targeted MRV subsidies.






[bookmark: _Toc232779227]8.3. Conceptual Model

	Independent Variables
	Mediating Mechanism
	Dependent Variables

	· MRV Transaction Cost (TCE)
· Portfolio Scale (no. buildings)
· RVCM 
· Carbon Price (SAR/tCO₂e)
· Government MRV Subsidy (SGI policy)
· Grid Emission Factor (kgCO₂e/kWh)
	RVCMC Portfolio Aggregation
(Program of Activities — PoA)
↓
MRV cost dilution per ton
+ OPEX electricity savings
+ CBAM price appreciation
+ Vision 2030 SGI alignment
	· Annual Carbon Revenue (SAR/yr)
· Annual OPEX Savings (SAR/yr)
· Net Annual Cash Flow (SAR/yr)
· Simple Payback Period (years)
· 15-Year Return on Investment (%)

	Barrier → TCE: Fixed MRV cost exceeds single-building carbon revenue
	Moderator: 5-Year SGI MRV Verification Fund (Government Subsidy)
	Barrier → Agency Theory: Tenant captures OPEX → resolved via carbon revenue bypass


Figure 1: Conceptual Framework — Theoretical Barriers, Aggregation Mechanism, Financial Outputs, and Vision 2030 Alignment

9. [bookmark: _Toc225367445]Research Methodology
[bookmark: _Toc232779229][bookmark: _Toc225367449]9.1. Research Design
This study employs a quantitative, deterministic financial modelling approach. Given the commercial confidentiality of Saudi real estate operating budgets, primary survey data is not feasible. The research instead constructs a representative financial simulation using verified secondary data from Saudi regulatory and market authorities an approach consistent with established energy economics research practice (Harvard Business Review, 2024). The 15-year investment horizon reflects GCC commercial real estate asset cycles and the timeframe required for carbon price appreciation to materially affect returns.

[bookmark: _Toc232779230]9.2. Data Sources and Key Assumptions

	Parameter
	Value
	Source
	Range / Note

	EUI Baseline (Riyadh Zone 1B)
	300 kWh/m²/yr
	SEEC (2024)
	280–320

	EUI post-retrofit (35% reduction)
	195 kWh/m²/yr
	SEEC Benchmark
	25–40% range

	Saudi Grid Emission Factor (GEF)
	0.58 kgCO₂e/kWh
	SEEC / UNFCCC CDM-DNA
	See Note 1

	RVCM Carbon Price (base year)
	SAR 37.50/tCO₂e
	RVCMC 3rd Auction (2024)
	±20% sensitivity

	Commercial Electricity Tariff
	SAR 0.18/kWh
	Saudi Electricity Company (2024)
	Fixed

	MRV Cost — Single Building
	SAR 60,000/yr
	PwC Middle East (2024)
	SAR 40k–80k range

	MRV Cost — PoA Portfolio
	SAR 85,000/yr
	PwC Middle East (2024)
	SAR 70k–100k range

	CAPEX Range (retrofit package)
	SAR 150 / 225 / 300/m²
	GCC Vendor Benchmarks
	Low / Mid / High


Table 3: Model Input Parameters, Values, and Sources
Note 1: This study uses GEF 0.58 kgCO₂e/kWh as published by SEEC and adopted by Saudi Arabia’s CDM Designated National Authority (CDMDNA) for RVCMC project registration. The IEA (2024) reports 0.52 kgCO₂e/kWh using a fuel-cycle-only boundary. For CDM/VCM purposes, 0.58 is the authoritative standard. Sensitivity implications are addressed in Section 11.



[bookmark: _Toc232779231]9.3. Mathematical Model

Energy savings are converted to tradeable carbon assets using CDM Methodology AMS-II. E the internationally recognized standard for energy efficiency in buildings.

· Equation 1 
            


· Equation 2 



· Equation 3 



· Equation 4



· Equation 5 



· Equation 6 



· Equation 7


[bookmark: _Toc232779232]9.4. Building Prototypes

	Parameter
	Small Office — Grade B
	Large Office — Grade A

	Gross Leasable Area
	10,000 m²
	30,000 m²

	Annual Energy Saved (35% EUI reduction)
	1,050,000 kWh
	3,150,000 kWh

	Annual CER Yield (GEF: 0.58)
	609 tCO₂e
	1,827 tCO₂e

	Annual Carbon Revenue SAR 37.50
	SAR 22,838
	SAR 68,513

	Annual OPEX Savings SAR 0.18/kWh
	SAR 189,000
	SAR 567,000

	MRV Cost (standalone)
	SAR 60,000
	SAR 60,000

	Carbon Revenue as % of MRV Cost
	38% DEFICIT
	114% COVERS MRV


Table 4: Annual Operating Profile — Building Prototypes

[bookmark: _Toc232779233]9.5. Research Scenarios
1. Scenario A — Single Building (Baseline): Each prototype bears the full SAR 60,000 MRV cost independently. Tests H1 by proving whether standalone carbon market participation is financially viable.
1. Scenario B — Aggregated Portfolio (Business Solution): 10 buildings (7 small + 3 large, total GLA: 160,000 m²) share a single RVCMC PoA with MRV fixed at SAR 85,000. Tests H2 and identifies the exact aggregation threshold.
1. Scenario C — Subsidized Portfolio (Vision 2030 Policy Solution): Identical to Scenario B but with MRV costs fully subsidized in Years 1–5, reverting to SAR 85,000 in Years 6–15. Tests H3 and models the proposed SGI Verification Fund.

[bookmark: _Toc232779234]9.6. Sensitivity Analysis
All three scenarios are re-evaluated at carbon prices of SAR 30.00/tCO₂e (−20%) and SAR 45.00/tCO₂e (+20%) to test model robustness against VCM price volatility. A CBAM appreciation projection is also modelled from SAR 37.50 to SAR 210/ton over the 15-year horizon, consistent with McKinsey (2025) and the Saudi VCM’s 28.4% CAGR (Grand View Research, 2025).

10. Research Instruments / Tools
10.1. Executive Financial Model (MS Excel)
The primary analytical instrument is a customized, multi-scenario financial model built in Microsoft Excel. It implements the seven equations in Section 9.3 across three scenarios, two building prototypes, three CAPEX levels, and a 15-year horizon producing SPP, ROI, and annual cash flow outputs for each combination. The model is structured around three steps: (1) annual carbon revenue calculation using RVCMC price and CDM-derived CER yield; (2) total net cash flow integrating OPEX savings and MRV costs; and (3) executive investment metrics (SPP and ROI) evaluated against initial CAPEX. A dedicated sensitivity tab re-runs all outputs at ±20% carbon price and the CBAM appreciation trajectory.
10.2. CDM Carbon Baseline Calculators
Carbon yields are calculated using CDM Methodology AMS-II. E the internationally recognized standard for energy efficiency in non-residential buildings under the UNFCCC. Two sub-tools are applied: the CDM Baseline Emission Calculator, which applies the SEEC/CDMDNA Grid Emission Factor of 0.58 kgCO₂e/kWh to convert energy savings into verified emission reductions; and the Project Emission Calculator, which confirms that no material project-level emissions are introduced by the retrofit package (HVAC optimization, BMS integration, LED transition).

10.3. Benchmarking Datasets
The financial model is calibrated against four primary datasets: (1) SEEC (2024) Energy Use Intensity benchmarks for commercial offices in ASHRAE Climate Zone 1B (Riyadh), establishing baseline and target EUI values; (2) RVCMC auction and exchange data (2024), providing the confirmed SAR 37.50/tCO₂e clearing price; (3) PwC Middle East (2024) MRV cost schedules, providing the SAR 40,000–80,000 registration cost range; and (4) KAPSARC / Krarti et al. (2017) national retrofit abatement data, used for model validation (Section 9.6) and to contextualize portfolio outputs against SGI targets.
10.4. Model Validation Benchmarks
Model outputs are cross validated against three independent sources. JLL (2024) documents GCC energy retrofit payback periods of 5–8 years for large commercial buildings, consistent with the model’s 7.8-year SPP for the large prototype at low CAPEX. PwC Middle East (2024) MRV cost estimates of SAR 40,000–80,000 validate the SAR 60,000 midpoint used. Krarti et al.’s (2017) national-scale finding that basic Saudi building retrofits produce 7.611 million tCO₂e annually allows proportional validation: the 160,000 m² portfolio (0.13% of modelled national floor area) should yield approximately 9,900 tCO₂e, consistent with the model’s 9,744-ton output.







11. [bookmark: _Toc225367453]Research Limitations
The following limitations bound the findings of this study and define the conditions under which results should be interpreted:

1. Prototype Modelling vs. Actual Buildings: The model uses SEEC-standardized building prototypes. Actual ROI will vary by building age, design, equipment condition, and occupancy. The model is a representative framework for decision-making, not project-specific financial appraisal.
1. Carbon Market Price Volatility: The base case uses the confirmed RVCM clearing price of SAR 37.50/tCO₂e. The Ecosystem Marketplace (2025) confirms that global VCM values fell 29% in 2024. While the RVCMC’s institutional structure and premium pricing differentiate it from the global market, voluntary carbon prices are subject to demand-side volatility. The ±20% sensitivity analysis partially mitigates this risk.
1. GEF Methodology Boundary: This study uses GEF 0.58 kgCO₂e/kWh (SEEC/CDMDNA the standard for RVCMC project registration). The IEA (2024) reports that 0.52 uses a narrower fuel-cycle-only boundary. Applying the IEA factor would reduce the portfolio’s CER yield by approximately 10.3% (from 9,744 to 8,736 tCO₂e), reducing annual carbon revenue from SAR 365,400 to SAR 327,600. For RVCMC-registered projects, 0.58 is the operationally correct assumption.
1. The Rebound Effect: KAPSARC research documents direct rebound effects of 41–71% in Saudi residential cooling (Belaïd & Mikayilov, 2024; Aldubyan et al., 2024), meaning efficiency gains may be partially offset by increased occupant consumption. The model assumes the full 35% EUI reduction is realized. BMS monitoring under EPCs should detect and manage rebound, but some yield erosion is possible in fully leased buildings where FM influence over occupant behaviors is limited.
1. The Greening Grid Paradox: Vision 2030 targets 50% renewable electricity by 2030. If achieved, the GEF would decline from 0.58 toward 0.40 kgCO₂e/kWh, reducing carbon yields by 31%. However, the Climate Action Tracker (2025) confirms renewables generated only 2% of Saudi electricity in 2024, suggesting the GEF will remain elevated for most of the 15-year horizon. This argues for early PoA registration to lock in higher baseline emission factors for the crediting period.
1. Geographic and Sectoral Scope: Findings are calibrated to Riyadh’s ASHRAE Zone 1B climate (dry heat, dominant sensible cooling load). They are not directly applicable to Jeddah, the Eastern Province (higher humidity, latent cooling loads), or non-office facility types such as retail, hospitality, or industrial buildings.
1. Data Confidentiality: Saudi commercial real estate CAPEX and OPEX data are commercially confidential. The CAPEX range of SAR 150–300/m² is derived from GCC vendor benchmarks and may not reflect specific project costs. Actual investor returns require project-specific modelling.
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