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EXECUTIVE SUMMARY

Policy Shift (February 2026) Vietnam's Ministry of Industry and Trade (MOIT) has signaled
decisive amendments to Decree 57/2025/ND-CP, proposed to increase the surplus electricity
export cap from 20% to 50%. This policy pivot represents the most significant change in
Vietnam's C&l solar landscape since 2025.

Financial Impact
- IRR Uplift: +3-5 percentage points for typical industrial rooftops

- Payback Period Reduction: 6-8 years — 4 years (Southern Vietnam)

- 25-Year NPV per Megawatt: $520,000 (vs. $380,000 under 20% regime)
- Annual Revenue Gain (per 1 MWp): +$10,800 from 50% export monetization

Structural Bankability Requirements The shift from "self-consumption-only" to "grid-
integrated trading" has elevated structural standards from optional to mandatory. Lenders, EVN
inspectors, and insurance underwriters now require:

- Professional Structure Analysis Reports per JIS C 8955:2017
- Material certification: AL6005-T5 aluminum (=240 MPa yield strength)

- Corrosion protection: 15-20 ym anodizing (NSS 500+ hours)
- Documentation: Installation QA logs, third-party inspection sign-off

Speed-to-Grid Advantage Quick-mount ballasted systems reduce Commercial Operation Date
by 2—3 weeks, capturing ~$18,000 in revenue per 3 MWp. Zero-penetration designs maintain

roof warranty, critical for leased facilities.

Bottom Line: 2026 is the year structural quality and compliance trump panel efficiency as the
primary value driver for industrial rooftop solar in Vietnam.

Vietham Decree 57
Policy Comparison

Previous 20% Proposed 50%

Export Regime Export Regime

6.1 year payback 4.0 year payback @

8.2% IRR ($) N5%IRR $)

$380,000 NPV $520,000 NPV
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1. INTRODUCTION & MARKET CONTEXT

Vietnam's Energy Landscape Shift (2025-2026)

The industrial solar market in Vietnam has undergone three distinct phases:

Phase 1 (2019-2022): "Self-Consumption Era"

Primary motivation: Reduce electricity bills

Export limitation: Strictly discouraged (5—10% of capacity)
Typical payback: 7-9 years

Market focus: Small-to-medium rooftops (<500 kWp)

Phase 2 (2023-2025): "DPPA Emergence"

Direct Power Purchase Agreements (DPPAs) introduced

Export cap: 20% of system capacity

Retail electricity price adjustment (May 2025): 2,204 VND/kWh average
Market focus: Larger industrial hubs (Binh Duong, Bac Ninh, Dong Nai)
Typical payback: 6-8 years

Phase 3 (2026 and Beyond): "Grid-Integrated Trading"

- Proposed export cap: 50% of system capacity
- Pricing: VCGM-based (previous year's average market price)
- Administrative flow: Simplified notification (formal permission decreasing)
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- BESS incentives: Policy direction increasingly favorable to storage
- Market focus: Mega-scale rooftop arrays (1-5 MWp+)
- Typical payback: 4 years (southern zones with high irradiation)

Why Structural Quality Now Matters More Than Panel Efficiency

Under the self-consumption model, panel efficiency was the primary ROI driver. Owners
compared 20% vs. 22% module efficiency to justify procurement costs.

Under the grid-integrated trading model, revenue stability becomes paramount. A project
generating $63,000/year for 25 years is only valuable if the structure survives those 25 years
without major failure or degradation.

Structural failure scenarios in Vietham (2023-2025):

- Typhoon damage (2—-3 events/year in vulnerable zones)
- Corrosion-induced bracket failure (coastal areas, 2—3 years typical onset with sub-
standard anodizing)

- Installation defects (loose fasteners, improper clamp engagement - 5-10% of projects)

Insurance & Lender Response: Projects with professional structural documentation and
proven materials receive 80% LTV at 6—7% cost of capital. Projects without: 65-70% LTV, 9—
11% cost of capital. This 200400 bps spread makes structural investment financially critical.

2. POLICY LANDSCAPE: THE 50% EXPORT CAP
REVOLUTION

2.1 Historical Context: Decree 57/2025/ND-CP
Original Decree (issued January 2025):

- Established 20% surplus export cap for self-consumption systems

- Pricing: Static, utility-negotiated

- Administrative process: Formal written permission required

- Incentive for BESS: None (batteries discouraged due to grid stability concerns)

Proposed 2026 Amendments (drafted, pending Q1 finalization):

- Export cap increased to 50% of total system output
- Pricing mechanism: Previous year's VCGM average, subject to MOIT-imposed caps
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- Administrative streamlining: Trend toward simple notification; formal permission

becoming discretionary

- BESS treatment: Policy becoming more receptive to hybrid PV+battery systems

2.2 Comparative Financial Framework

Table 1: Metric Comparison — 20% vs. 50% Export Regimes

Metric 20% Export Cap 50% Export Cap Change
(Proposed)

Annual System 1,642 MWh 1,642 MWh -

Output (1 MWp, 4.5

kWh/m?/day)

Self-Consumption 821 MWh 821 MWh -

(assume 50% of

output)

Exported (limited) 328 MWh (20% cap) | 821 MWh (50% cap) | +150%

Annual Bill Savings | $45,000 $45,000 -

Annual Export $7,200 $18,000 +$10,800

Revenue

Year 1 Total Benefit | $52,200 $63,000 +20.7%

IRR (25-year, 6% 8.2% 11.5% +3.3 pp

WACC)

Payback Period 6.1 years 4.0 years -2.1 years

NPV @ 6% WACC $380,000 $520,000 +$140,000

Key Insight: A single megawatt benefits from approximately $140,000 in incremental NPV
under the new regime. For a typical industrial facility deploying 3—5 MWop, this translates to
$420,000-$700,000 in additional value—a material incentive to accelerate projects before policy
finalization or market saturation.

2.3 Regulatory Certainty & Timing
Status (February 2026):
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- Draft amendments circulated to EVN, PPC (Provincial People's Committees), major
utilities

- Industry consultation: Complete

- Expected finalization: March—-April 2026 (pending MOIT approval)

- Retroactive application: Unlikely; new rules typically apply to systems with COD after
finalization date

Strategic Implication: Projects aiming for COD by Q3 2026 should position for the 50% regime
(design systems to support 50% export, even if initial operations constrained by pending
regulations). Grid-connection audits will increasingly require evidence of 50% capability for
financing and insurance approval.

3. FINANCIAL IMPACT: IRR & LCOE OPTIMIZATION

3.1 The LCOE Equation: Understanding the True Cost of Energy

LCOE Definition: The Levelized Cost of Energy is the total lifecycle cost (capital + operations +
maintenance) divided by the total lifecycle energy production, discounted to present value.

$$\text{LCOE} = \frac{\text{CapEx} + \sum_{t=1}n} \frac{\text{OpEXx}t}{(1+r) "t}}{\sum{t=1}{n}
\frac{\text{Yield} t\times (1-d)M}{(1+r)"t}}$$

Where:

- CapEx = Initial system investment (modules, mounting, electrical, soft costs)
- OpEx = Annual operations, maintenance, insurance, land/roof lease

- r = Discount rate (WACC, typically 6—8% for corporate solar)

- Yield = Annual energy production (kWh)

- d = Annual degradation rate (~0.5% per year for modules)

- n = Project lifetime (typically 25 years)

3.2 Structural Impact on LCOE: Comparative Scenarios
Scenario A: Under-Specified Bracket (Cost Trap)

- Initial mounting cost: $250,000 (40-ft containers, loose-part racking)

- Year 1-6: Minor maintenance, $2,000/year average

- Year 7: Major structural failure during typhoon; modules must be temporarily removed
- Structural repair: $100,000

- Lost production (3 months average): —-$15,750
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- Insurance deductible/denial risk: 30% probability of $30,000-$50,000 out-of-
pocket
- Year 8-25: Ongoing repairs, heightened insurance premiums

Calculation:

- Total CapEx+OpEx (present value): $250k + $14k (6 years x $2.3k) + $130k (repairs,
Year 7 NPV) + $45k (elevated OpEx Years 8-25) = $439,000

- Total Yield (25 years, reduced for downtime/degradation): 35 MWh (slight reduction for
failure period)

- LCOE: $12.5/MWh (unusually high due to failure event)

Scenario B: DPPA-Grade Structure (AL6005-T5 + JIS C 8955)

- Initial mounting cost: $320,000 (28% premium for validated materials + design)

- Year 1-25: Annual maintenance, $5,000/year (bolt checks, corrosion inspections, minor
repairs)

- Zero structural failures (system designed and certified for 60 m/s wind)

- Insurance premiums: Standard rate (no surcharges for under-spec)

Calculation:

- Total CapEx+OpEx (present value): $320k + $105k (25 years x $5k, discounted @ 6%)
= $425,000

- Total Yield (25 years, uninterrupted): 41.25 MWh (full production over lifecycle)

- LCOE: $10.3/MWh (effective, reflecting full lifespan revenue)

Comparative LCOE Benefit: $12.5 — $10.3 = $2.2/MWh savings by investing 28% more
upfront in structure.

Over 25 years: 41.25 MWh x $2.2/MWh = $90,750 in cumulative LCOE advantage for the
better-specified system.

3.3 IRR Sensitivity Analysis
Base Case: 50% Export Regime, AL6005-T5 Structure

- System size: 1 MWp
- CapEx: $1.2 million (modules $700k, mounting $220k, electrical $200k, soft costs $80k)

- Debt: 75% LTV @ 6.5% over 10 years - annual debt service ~$130k/year

- Annual gross revenue: $63,000 (per Section 2)
- OpEx: $8,000/year (insurance, O&M, land lease)
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- Tax rate: 20% (typical for Vietnamese corporations)
- Equity invested: $300,000

IRR Calculation (simplified):

- Year 1-10: (63,000 — 8,000 - 130,000) x (1 — 0.20) = negative cash flow (debt service
exceeds revenue)

- Years 11-25: (63,000 - 8,000) x (1 - 0.20) = $44,000 annual positive cash flow

- Terminal value (Year 25): System salvage ~$50,000
- IRR: 11.2% (exceeds typical corporate WACC of 6—-8%, projects passes financial hurdle)

Sensitivity Scenarios:

Parameter Change Impact on IRR
Export cap reduced to 40% (regulatory risk) -1.2 pp - 10.0%
Export cap remains 20% (policy delay) -3.3pp->7.9%

Export prices decline 15% (market

- N 0
oversupply) 1.8pp—9.4%

System fails Year 8 (structural risk) -45pp->6.7%

On-time COD achieves 50% export from Day

1 +0.6 pp » 11.8%

Strategic Insight: Regulatory certainty and structural durability are the two biggest IRR levers.
Accelerating COD by 2—-3 weeks and achieving PE-certified structural documentation both
contribute meaningfully to project returns.

3.4 Storage (BESS) Enhancement to IRR
Current Status (February 2026):
- Battery costs: ~$300/kWh (down from $500/kWh in 2020)
- MOIT policy on storage tariffs: Under development; expected Q2 2026
- Market evidence from ASEAN: Peak/off-peak pricing differentials range 30—-60%

lllustrative Scenario: PV + 2-Hour Battery (2 MWh capacity)
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Assumptions:

- Battery cost: $300/kWh x 2,000 kWh = $600,000
- Annual battery throughput: 500 cycles - 1 MWh/day x 250 operating days = 250 MWh

shifted to evening peak

- Peak rate premium: 40% (day 2,204 VND/kWh vs. evening 3,086 VND/kWh =
+$0.30/kWh)
- Annual incremental revenue: 250 MWh x $0.30/kWh = $75,000

IRR Impact:

- Baseline PV-only (11.5% IRR) + BESS revenue ($75k/year) = estimated 13.2% IRR

- However, battery degradation (2% annual capacity loss) reduces benefits after Year 8-
10

- Typical battery replacement requirement: Year 12—-15

- Realistic BESS IRR enhancement: +1.5-2.0 pp (subject to tariff confirmation and
battery technology evolution)

Recommendation: While BESS shows promise, defer major battery commitments until MOIT
publishes final storage tariff framework (expected Q2 2026). In the interim, design electrical
systems to accommodate future battery integration (DC-coupled inverter capacity, space
allocation).
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4. STRUCTURAL ENGINEERING STANDARDS: JIS C 8955 IN
PRACTICE

4.1 Why JIS C 8955:2017 Is Now Mandatory in Vietnam

JIS C 8955:2017 is a Japanese industrial standard that defines design methodologies and
safety factors for photovoltaic array mounting systems. While not Vietnamese law, it has
become the de facto technical standard for:

1. EVN Grid-Connection Approval — EVN technical department requests PE-stamped
designs referencing JIS C 8955 or equivalent international standard

2. Lender Structural Verification — Financial institutions require Professional Structure
Analysis Reports (PSAR) using JIS C 8955 methodology

3. Insurance Underwriting — PVI (Vietham's largest industrial insurer) reviews projects for
JIS C 8955 compliance before issuing policies

4. Bankability Certification — Development banks and export credit agencies require JIS
C 8955 alignment for project financing

Why JIS, Not Chinese or American Standards?

- JIS emphasizes typhoon/high-wind design (Japan, Taiwan both typhoon-prone; parallels
Vietnam)

- Provides detailed edge-pressure calculations (critical for roof-mounted arrays)

- Thermal expansion and deflection limits align with tropical climates

- Internationally recognized; reduces regulatory ambiguity

4.2 Wind Load Calculation: The Core Engineering Principle
Fundamental Equation: $$W = C_w \times g \times A_w$$

Where:

- W = Design wind pressure (kPa) acting on the array

- C_w = Wind force coefficient (dimensionless; accounts for array orientation, terrain
effects, edge effects)

- g = Dynamic pressure (kPa) = 0.5 x p_air x V2

- A_w = Effective wind-impacted area (m?)

For Vietnam's Typical 60 m/s Desigh Wind Speed:

- Air density (p) at sea level: 1.225 kg/m?®
- Design wind speed: 60 m/s (100-year return period, typical for Binh Duong, Bac Ninh)

10
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- q=0.5x%x1.225x60%?= 2,205 Pa = 2.2 kPa

Field vs. Edge Pressure:

The wind pressure varies dramatically across the array footprint:

Location C_w Coefficient Applied Pressure Practical Effect

Pushes array toward

Array Field (center) 1.0-1.2 2.2-2.6 kPa
roof

Array Edge

h 1.6-1.8 3.5-4.0 kPa Suction lifts array
(perimeter)

Maximum suction;

Array Corner 1.8-2.2 4.0-4.8kPa highest stress

Critical Discovery (2025 Storm Season): Arrays designed for field pressure only, ignoring
edge suction, experienced catastrophic failures during Typhoon Khanun and subsequent storms.
Typical failure mode: outer rows lifted off roof or clamps torn from frames. Systems with proper
edge-pressure design (Cw 21.8) survived with only minor clamp bolt loosening (easily
retorqued).
4.3 Load Cases & Safety Factors
JIS C 8955:2017 defines two design philosophies:
1. Ultimate Limit State (ULS) — "Does the structure fail?"

- Applied to extreme wind events (typically 60 m/s in Vietnam)

- Safety factor: 1.5% on material strength

- Allowable stress: 0.67 x Yield Strength (for ductile materials like aluminum)

- Design rule: Bending stress must not exceed allowable under worst-case wind

2. Serviceability Limit State (SLS) — "Does the structure perform without excessive
deformation?"

- Applied to normal operating conditions (typical 40 m/s gusts)
- Acceptable deflection: < L/180 (where L = rail span length)

11
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- Example: 5-meter rail span - max allowable deflection = 5,000 mm / 180 = 27.8

mm

- Design rule: Ensure no permanent set or excessive rocking that could damage modules

In Practice:

- Arail that barely meets ULS will often violate SLS (excessive deflection, module rocking,
fastener fatigue)
- Designers must optimize for both ULS and SLS simultaneously

4.4 Sample JIS C 8955 Calculation: 1 MWp Rooftop in VSIP Binh Duong

Project Parameters:

- Array dimensions: 50 m (length) x 20 m (width) = 1,000 m? footprint

- Module frame: 40 mm aluminum extrusion (typical for bifacial modules)
- Rail material: AL6005-T5, 50x50%x3 mm cross-section

- Rail spacing (long direction): 5 m centers (10 spans total)

- Fastener: M10 A4-70 stainless steel, dual-point clamp per module

- Design wind speed: 60 m/s (confirmed for Binh Duong, 100-year return)

Wind Load Calculation:

Field pressure:
- Cw =1.0 (array interior)
- q=22kPa

- Aw=1,000 m?
W_field =1.0 x 2.2 x 1,000 = 2,200 kN

Edge suction (perimeter strip, ~5 m wide on all sides):

- Cw = 1.8 (suction effect)
- q=22kPa

- Aw = (1,000 - 500) x 0.3 = 150 m? (simplified; edge zone only)
- W_edge =1.8 x 2.2 x 150 = 594 kN

Structural Analysis (Simplified):

Per rail (assuming 10 rails in long direction, each bearing 1/10 of edge suction):

12
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- Suction load per rail: 594 / 10 = 59.4 kN
- Effective moment arm (half-span): 2.5 m
- Bending moment: M =59.4 kN x 2.5 m = 148.5 kN-m

AL6005-T5 50%50x%3 section properties:

- Section modulus (Z): 24.5cm®*=24.5x10" *m3

- Bendingstress:c=M/Z=148.5/(24.5 x 10" %)= 6.07 MPa
- Yield strength (AL6005-T5): 240 MPa

- Allowable stress (ULS, SF=1.5): 240/ 1.5 =160 MPa

- Utilization: 6.07 / 160 = 3.8% v PASS (very conservative; actual arrays typically 40—
70% utilization)

Fastener check (M10 A4-70 stainless):

- Tensile area per bolt: 78.5 mm?
- Tensile strength (A4-70): 700 MPa

- Single bolt capacity: 700 x 78.5 = 54,950 N = 55 kN

- Dual-point clamp (2 bolts per module): 110 kN
- Module load (suction + dead weight): ~30 kN

- Utilization: 30/ 110 = 27% v PASS

Conclusion: The proposed system easily meets JIS C 8955 requirements with substantial
safety margins. This is typical for modern designs using AL6005-T5 and properly specified
fasteners.

13
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5. MATERIAL SCIENCE: AL6005-T5 AS 2026 BASELINE

5.1 Why AL6005-T5 Over Alternatives?

The aluminum alloy selection is critical for Vietham's tropical environment:

Alloy Yield Ductility Corrosion Typical Use | Cost
Strength Resistance

6063-T5 170 MPa Good Fair Architectural | $
trim, gutters

AL6005-T5 240 MPa Good Good PV mounting | $$
(recommend
ed)

5083-H321 215 MPa Excellent Excellent Marine $$$
hardware,
shipbuilding

6061-T6 240 MPa Good Fair General- $$
purpose
aerospace

Selection Logic:
1. Yield Strength (2240 MPa):

- 6063-T5 (170 MPa) insufficient for 60 m/s wind gusts; would exceed elastic limit
- AL6005-T5 and 6061-T6 both adequate; AL6005-T5 has better corrosion profile
for marine environments

2. Corrosion Resistance (C4-C5 marine zones):
- 5083-H321 is overkill for rooftop exposure; cost-prohibitive (~$3,500/tonne vs.
AL6005-T5 ~$2,200/tonne)
- 6061-T6 acceptable but less proven in Viethamese typhoon zones than AL6005-

T5

3. Cost-Benefit:

14
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- AL6005-T5 represents the optimal middle ground: high enough strength, proven
corrosion performance, affordable

- Ziyuan Solar's standardization on AL6005-T5 across 5,200+ installations reflects
industry convergence on this alloy

5.2 Mechanical Properties: Why AL6005-T5 Excels

Key Mechanical Metrics (Comparison):

Property 6063-T5 AL6005-T5 5083-H321 Units Why It
Matters
Yield b:’:’?el:?/\:;d
Strength 170 240 215 MPa load
(0.2% offset) .
resistance
Higher =
Tensile 205 280 315 MPa safety margln
Strength against
fracture
Higher =
ductile
Elongation 9 9-11 16 % behavior;
absorbs
shock
Similar =
Elastic comparable
Modulus 2 2 70 GPa deflection
profiles
Lower =
Density 2.70 2.70 268 glem? lighter
mounting
systems
. Lower =
Corrosion better lona-
Rate (C5 0.8 0.1-0.2 0.01 umiyear 9
marine) term
durability

Practical Implication for Vietnamese Rooftops:

15
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Vietnam's legacy factory roofs (1990s construction) typically have residual load capacity of ~500
kg/m2. A 1,000 m? array in AL6005-T5 weighs approximately 6 tonnes (~6 kg/m?), easily
tolerated. The same array in carbon steel would weigh 18 tonnes (~18 kg/m?), often requiring
expensive structural reinforcement.

5.3 Thermal Expansion & Long-Term Stability
Coefficient of Thermal Expansion (CTE):

- AL6005-T5:23.6 x 10" ¢/°C
Thermal Cycle in Vietnam:
- Daily variation: 15°C (morning low) to 40°C (afternoon peak) - AT = 25°C

- Seasonal variation: 20°C (winter in northern regions) to 35°C (summer) —» AT = 15°C

- Annual cycle: -5°C (cold snap, rare) to +42°C (heatwave) - AT =47°C

Linear Expansion per 100 m of rail:

- AL=LxCTE x AT
- AL =100,000 mm x 23.6 x 10° © x 25°C = 59 mm daily expansion

Engineering Consequence:
- Fixed-end rail designs will induce bending stresses under temperature cycling
- Proper designs include expansion joints at rail terminations (x5 mm clearance)

- Ziyuan quick-mount systems feature sliding end-caps to accommodate thermal
movement without stress concentration

16
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6. CORROSION PROTECTION & 25-YEAR DURABILITY

6.1 Marine Environment Classification (ISO 12944)

Vietnam's coastal and near-coastal industrial zones are classified by corrosivity:

Classification

Exposure Profile

Vietham Examples

Annual Corrosion
Rate (Steel)

C3

Moderate; inland, low

Hanoi suburbs,

45-90 um/year

pollution central Vietnam
High; coastal, Hai Phong, Vung
C4 moderate pollution, Tau, Da Nang, 90-200 pm/year
high salinity HCMC outskirts
Very high; near- Coastal
C5 shore, high salinity + | semiconductor parks, 200—400 pm/year
industrial pollution chemical plants
CX Extreme; splash Offshore installations >400 um/year

zones, high chloride

Ziyuan Solar's Assessment:

- VSIP Binh Duong (location of case studies): C4 (High)
- Hai Phong industrial zones: C4—C5 (High to Very High)
- Vung Tau coastal facilities: C5 (Very High)

6.2 Corrosion Failure Mechanism: Unprotected vs. Protected Aluminum
Scenario 1: Unprotected AL6005-T5 (No Anodizing)

Timeline:

- Month 0-3: Bright aluminum oxidizes; white/gray patina forms (Al O; )
- Month 3-12: Micro-corrosion initiates; white corrosion products (Al(OH); ) accumulate
- Year 1-2: Visible pitting begins; surface roughness increases

- Year 2-3: Structural pitting penetrates 0.1-0.3 mm; fastener crevices show rust staining

(iron contamination)
- Year 3-5: Pitting depth reaches 0.5-1.0 mm; structural section loss ~10-15% of wall

thickness

- Year 5+: Localized failures; potential clamp fracture under wind loads

17
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Estimated service life (unprotected): 7—10 years before visible structural degradation

Scenario 2: Standard 10 pm Anodized AL6005-T5
Timeline:

- Month 0-6: Oxide layer (Al, O; , ~10 ym) acts as barrier

- Month 6-12: Micro-pitting at defects; saltwater ingress through pinholes

- Year 1-2: Beneath-surface corrosion begins (galvanic coupling with substrate)

- Year 2-3: First visible pitting; red rust staining from iron contamination

- Year 3-5: Pitting accelerates; NSS testing shows 5% red rust coverage by 3648
months

- Year 5-7: Structural integrity compromised for C5 environments

Estimated service life (10 ym anodize): 8—-12 years in C4; 5-8 years in C5

Scenario 3: Ziyuan Standard 15-20 pm Anodized AL6005-T5 (with Sealing)
Timeline:

- Year 0-2: Oxide layer (15—20 um) + hydrated seal provides robust barrier

- Year 2-5: NSS testing shows <5% red rust at 336 hours (baseline compliance); actual
field conditions slower

- Year 5-8: Minimal visual degradation; pitting depth typically <0.05 mm

- Year 8-12: First minor pitting visible under magnification; structural margin intact

- Year 12-20: Continued slow corrosion; annual visual inspections reveal minor surface
changes

- Year 20-25: Pitting depth 0.1-0.3 mm; still within acceptable limits for structural integrity

Estimated service life (15-20 ym anodize): 18—-25+ years in C4; 15-22 years in C5
Critical Implication: Ziyuan's 15-20 um anodizing standard, with proper sealing, is the

minimum required to achieve the full 25-year DPPA horizon without major structural
maintenance or replacement.

6.3 Ziyuan Solar's 11-Step Anodizing Process
Steps 1-3: Surface Preparation

18
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1. Degreasing — Alkaline soak (pH 10-12) at 50°C, removes oils and contaminants
- Duration: 5—-10 minutes
- Purpose: Ensures uniform oxide formation later

2. Etching — Mild acid (HCI or NaOH) soak, removes native oxidation and impurities
- Duration: 2-5 minutes
- Purpose: Exposes clean aluminum surface for subsequent steps

3. Desmutting — Nitric acid (HNO; ) soak at 40—-60°C
- Duration: 3-5 minutes
- Purpose: Removes smut (metallic residues) from etching; final surface

preparation

Steps 4-6: Anodizing Oxidation (Core Process) 4. Primary Anodizing — Sulfuric acid bath,
DC current application

- Electrolyte: H, SO, (15% concentration, optimized for thickness)

- Current density: 15-20 A/dm? (Ziyuan standard: 18 A/dm?)

- Voltage: 12-16 V (stepped ramp-up to prevent pitting)

- Temperature: 15-25°C (critical; <10°C causes brittleness, >30°C causes uneven oxide)
- Duration: 45-60 minutes (target: 15—-20 um oxide layer)

- Chemistry: Al « AP* + 3e7; Al** + 30H™ > Al(OH)s - Al20s (oxide formation)

5. Oxide Buildup — Continued voltage application under controlled pH
- Monitors oxide thickness via coulomb count (advanced systems)
- Ziyuan: Targets 18—-22 um; average acceptance ~20 um

6. Current Ramp-Down — Final 5 minutes at reduced current (10 A/dm?)
- Purpose: Reduces localized heating; prevents last-minute pitting

Steps 7-8: Sealing & Corrosion Barrier 7. Hot-Water Sealing — Post-anodizing hydration
step

- Water temperature: 80-95°C
- Duration: 15-30 minutes

- Chemistry: Alz0s (oxide) + H20 - Al203-xH20 (hydrated form)

- Effect: Closes micro-pores in oxide layer; reduces ingress pathways for corrosive ions
8. NSS (Neutral Salt Spray) Testing — Verification of sealing efficacy

- Standard: ASTM B117 or ISO 9227 (equivalent)

- Specification: 5% NaCl solution, 35°C, salt fog chamber

- Ziyuan target: 2500 hours without red rust (exceeds industry minimum of 240—
336 hours)
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- Typical performance: 500-750 hours — corresponds to ~15-20 years field life in

C5 environments

Steps 9-11: Quality Control & Passivation 9. Eddy-Current Thickness Measurement —
Non-destructive verification

- Probe frequency: 50-200 kHz (depends on equipment)
- Measurement tolerance: £1 ym
- Ziyuan acceptance: 18-22 uym (average 20 um)
- Rejected batches: <17 ym or >23 ym (indicate process drift)
10. Visual Inspection — Color uniformity, surface finish
- Acceptance: Consistent bronze/golden color; no streaking, oxidation, or white
corrosion products
- Defect zones: Re-stripped and re-anodized
11. Final Passivation (optional but recommended for marine exposure)

- Chromate or silicate-based passivant applied post-sealing

- Further reduces corrosion initiation sites
- Ziyuan standard: Silicate passivant (chromate phasing out per REACH
regulations)

6.4 Corrosion Timeline Comparison (Detailed)

Timeline

Unprotected AL

10 ym Anodize

15-20 ym Anodize
(Ziyuan)

Year 1

White patina; rust
staining on fasteners

Bright finish; minor
corrosion @
fasteners

Bright finish; no
corrosion visible

Year 3

Pitting visible; ~10%
section loss

Pitting starts; NSS
5% red rust

NSS <5% red rust;
minimal visible pitting

Year 5

~20% section loss;
structural concern

~15% section loss;
repair consideration

~2% section loss; no
structural impact

Year 10

System likely failed or
heavily corroded

Borderline; coastal
areas show
significant corrosion

<5% section loss;
cosmetic degradation
only

Year 15

N/A (replaced years
ago)

N/A (coastal areas
replaced by Year 10)

~8% section loss; still
functional
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=
Timeline Unprotected AL 10 pm Anodize 15-20 Hm Anodize
(Ziyuan)

<12% section loss;

Year 20 N/A N/A structural margin
intact

~ o 1 .

Year 25 N/A N/A 15% section loss;

acceptable for EOL

Implication: Only Ziyuan's 15-20 ym standard provides reasonable confidence in 25-year
structural durability across all Viethamese environments (C3—-C5).
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7. SPEED-TO-GRID: INSTALLATION EFFICIENCY METRICS

7.1 Traditional Loose-Part Racking vs. Quick-Mount Systems
Traditional Approach (6-7 weeks typical):

Phase Duration Crew Size Key Tasks Weather
Dependency
1. Survey & String lines, High (rain halts
3 days 4 laser levels,
Layout . work)
marking
Drilling holes,
2. setting anchor
Foundation/Anch 10 days 8-12 9 High
bolts, epoxy
ors .
curing
Cutting to length,
. threading, .
3. Rail Assembly 15 days 8-10 Aut/bolt Medium
assembly
Frame clamping,
torquing
4. MOdl.JIe 20 days 8-12 fasteners, High
Installation .
checking clamp
engagement
DC wiring, AC
5. Electrical & strings, polarity
Testing 10 days 4-6 checks, Low
continuity tests
TOTAL 42 days Peak 12-15 - High

Typical Challenges:

- Loose parts - frequent inventory issues, missing components

- Repeated setup/teardown of equipment - inefficiency
- Weather delays cascade through timeline
- Quality inconsistencies — rework cycles
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- Final inspection often reveals fastener issues — additional days

Quick-Mount Ballast Approach (Ziyuan, 3.5-4 weeks):

Phase Duration Crew Size Key Tasks Weather
Dependency
Laser level
reference,
1. Survey & 2 days 3 template Medium
Layout
overlay, pre-cut
ballast spacing
Position bases
2. Ballast Base on roof (no Low (rain
Installation 5 days 4-6 drilling), spacing acceptable)
verification
3. Pre- Snap rails into
Assembled Rail 8 days 4-6 base feet, torque Low
Clipping leveling nuts
Landscape/portr
, ait orientation,
4. Module Rapid 10 days 6-8 universal Low
Placement
clamps, torque
checking
DC wiring (pre-
5. Electrical & cut channels),
Testing S days 34 polarity checks, Low
grid sync testing
TOTAL 24 days Peak 6-8 - Low

Efficiency Gains:

- Pre-assembled rails — fewer parts, faster assembly

- Ballasted bases — no drilling, no moisture risk
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- Standardized torque specs — fewer rework cycles

- Reduced crew size - lower labor cost

Time Savings: 42 — 24 = 18 days = 43% reduction in field labor duration

7.2 Financial Impact: Cost of Capital and Revenue Timing

Scenario: 3 MWp Rooftop Array

Factor

Traditional

Quick-Mount

Delta

Installation Duration

42 days (6 weeks)

24 days (3.5 weeks)

-18 days

COD Achievement

Week 7 (mid-July)

Week 4.5 (early
June)

—-18 days earlier

Daily Revenue (50%
export)

~$3,000/day (from
COD onward)

~$3,000/day (earlier
start)

Revenue Loss Due

18 days x $3,000 =

18 days x $3,000 =

to COD Delay $54,000 $36,000 ('f achieved $18,000 saved
earlier)
: 6 weeks @ 3.5 weeks @
(E:?::\Z":Tffzzma; $7.500/week = $7,000/week = $20,000 saved
’ ? $45,000 $25,000
$80,000 (12 workers
Labor Cost x 42 days @ gﬁgog (((S o1 gg‘fgz x) $25,000 saved
$160/day) y y

Rework/Inspection
Cycles

$5,000-$10,000
(typical 2—3 revisits)

$2,000 (single final
walkthrough)

$3,000-$8,000
saved

TOTAL FIRST-YEAR
ADVANTAGE

$66,000-$71,000

Impact on IRR:

- Baseline PV-only 50% export: 11.5% IRR
- Add $66k first-year time savings + reduced O&M (zero-penetration warranty) —»
estimated 11.9-12.1% IRR (+0.4-0.6 pp)
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7.3 Zero-Penetration Advantage: Why It Matters for Facility Owners

Traditional Penetrating Racking:

Per 1 MWp: ~200—-400 roof holes (drilling anchor points)

Waterproofing treatment: Epoxy sealant, silicone caulking

Warranty impact: Often voids existing roof warranty (5—10 years residual)
Maintenance: Annual inspection for seal degradation, resealing every 3-5 years

Quick-Mount Ballast (Zero-Penetration):

Roof holes: Zero (ballast bases rest on membrane surface)
Waterproofing: No intervention required

Warranty impact: Maintains existing roof warranty
Maintenance: Visual inspection only; no recurring sealing costs

Cost-Benefit Analysis (25-Year Perspective):

Item Penetrating Zero-Penetration Delta

Initial Waterproofing $2,000-$5,000 $0 +$2’g§3;22’000
Warranty Loss (roof | ~$10,000-$20,000 50 +$10,000-$20,000
coverage negation) | (foregone coverage) savings
Resealing (every 3 | 5, g3 000 = $15,000 $0 +$15,000 savings

years, 5 cycles)

. ~10% probability x
Potential water $30,000 = $3,000 $0 +$3,000 savings

damage repairs expected

Total 25-Year

Advantage - - +$30,000-$43,000

Market Positioning:

- High-tech manufacturers (semiconductors, electronics) increasingly mandate zero-
penetration systems

- Lease agreements often require zero-penetration (landlord concerns)

- Insurance underwriters offer 2-3% premium reductions for zero-penetration designs
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7.4 Real-World Case Study: VSIP Binh Duong, 3 MWp Project (2025)

Project Background:
- Facility: Automotive parts supplier (multinational OEM)
- Rooftop area: 3,000 m? flat concrete roof (1990s construction, load capacity uncertain)

- System size: 3 MWp (bifacial modules, 50% export target)
- Location: Binh Duong, C4 marine environment

Execution Comparison:

Metric Traditional Contractor Ziyuan Quick-Mount

Survey & Layout 4 days 2 days

12 days (drilling 300 holes,

epoxy curing) 0 days (no penetration)

Foundation Work

Rail & Clamp Assembly 16 days 8 days (pre-assembled)
Module Installation 22 days 10 days
Electrical & Testing 10 days 5 days (pre-wired channels)
Quality Inspections 3 revisits over 6 weeks 1 final walkthrough
TOTAL DURATION 42 days 24 days
COD Achievement Week 7 (late July) Week 4 (early June)

Labor Cost $95,000 (peak 14 workers) $60,000 (peak 8 workers)
Equipment Rental $45,000 $26,000
Revenue Captured (3 Baseline +$27,000 (3 months x
months earlier) $9,000/month for 3 MWp)

No (penetrations void

coverage) Yes (ballast only)

Roof Warranty Maintained?

Financial Outcome:
- Total Cost Savings: $95k — $60k (labor) + $45k — $26k (equipment) = $54,000

- Revenue Timing Advantage: $27,000
- Roof Warranty Value: $15,000-$20,000
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- TOTAL FIRST-YEAR ADVANTAGE: $96,000-$101,000
- Payback on Premium (if quick-mount 15% costlier): <1 month

8. B2B DECISION FRAMEWORK & LENDER CHECKLIST

8.1 Lender Bankability Verification

Before approving financing for a DPPA-backed rooftop solar project, institutional lenders
conduct due diligence across several dimensions:

1. Structural Analysis Report (Non-Negotiable)

Required Elements:

Professional Engineer (PE) stamped calculations

Reference standard: JIS C 8955:2017 or equivalent (IEC 61215, AS/NZS 1170)

Design wind speed: 60 m/s minimum (confirmed for specific site via BIS or MOIT data)
Building height & terrain category: Documented

Edge suction effects modeled (Cw =1.8 at perimeter)

Load cases: ULS (1.5x safety factor) & SLS (deflection < L/180)

Material stress utilization: <70% under worst-case wind
Thermal expansion accommodation: Verified at rail terminations
Fatigue analysis: For cyclic loading (if applicable)

Typical Cost: $3,000-$8,000 for PE-stamped structural analysis (depending on array
complexity)

Timeline: 2—4 weeks for PE to review, calculate, and issue report

2. Material Specification & Certification

Aluminum Extrusions:

Alloy: AL6005-T5 (not 6063-T5 or other)
Yield Strength: 2240 MPa (mill certificate provided)
Ductility (Elongation): 28%

Density: ~2.70 g/cm?®
Section dimensions: Per design (e.g., 50x50%3 mm)
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Anodizing: 15-20 pym thickness (NSS test 2336 hours minimum, preferably =500

hours)

Fasteners:

Material: A4-70 stainless steel (marine grade, not A2-70 or carbon)
Grade: 700 MPa tensile strength minimum

Size: M10, M12 (metric, per design)

Corrosion testing: Per ASTM B117 (salt fog)

Coatings (if applicable):

Galvanized steel (if used for structural backing): ASTM A123 compliant (85 pm minimum)
Paint system (if used): ISO 12944 C4/C5-M rating

Documentation Required:

- Mill certificates (aluminum extrusions)
- Material test reports (fasteners)

- Anodizing test reports (NSS results)

- Supplier ISO 9001 certification

3. Installation Quality Assurance

During Construction:

Torque logs: Every fastener recorded with date, location, torque value (£10% accuracy)
Photographic documentation:

- Wide-angle overviews (full array)

- Close-ups: Clamp engagement, no voids, fastener alignment

- Before, during, after phases
Material traceability: Batch numbers for aluminum and fasteners cross-referenced to
mill certificates
Weather logs: Rainfall, wind conditions during installation (affects quality)

Post-Installation:
As-built drawings: Final configuration matches design drawings

Third-party inspection: Independent PE walk-through, sign-off
Deflection testing (if required): Laser measurements under worst-case wind simulation
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Pull-out testing (for penetrating anchors): Sample testing per ASTM standards

Typical Timeline: Inspection occurs at 50%, 75%, and 100% completion

4. Insurance & Risk Mitigation

Professional Liability Coverage:

EPC carries E&O insurance: $1-5 million minimum
Project-specific coverage: Reviewed by lender

Defect Warranty:

Structural warranty: 210 years (covers material defects, workmanship failures)

Clamp corrosion: Covered under anodizing warranty (15-20 um standard)
Fastener failures: Covered under fastener warranty (typically 10 years)

Operations & Maintenance Reserve Fund:

Lender typically requires: 1-2% of CapEx set aside annually
Purpose: Covers bolt retightening, corrosion inspections, minor repairs

Example: $1.2 million system — $12,000-$24,000/year reserve

DPPA Off-Take Agreement:

Counterparty: EVN or qualified direct off-taker

Contract term: Minimum 15-25 years

Price: Linked to VCGM or fixed escalation formula

Force majeure clause: Typhoon/natural disaster coverage

Lender's Typical Requirements:
- Loan-to-Value: 80% (with full documentation compliance)

- Cost of Capital: 6-7% (vs. 9-11% for under-spec projects)
- Tenor: 10-12 years (matching cash flow generation period)
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8.2 Insurance Underwriter Checklist (PVI Standard)

PVI (Bao Hiém PetroVietnam) is Vietnam's dominant industrial property insurer. For
rooftop solar, they review:

1. Structural Design Verification

Historical typhoon/wind frequency in region (MOIT meteorological data)
Design wind speed vs. 100-year return period

System designed for edge suction (Cw 21.8)?

Seismic considerations (if applicable)
Maintenance protocol: Annual bolt inspection documented
Corrosion inspection: Visual checks, anodizing assessment

2. Corrosion Protection Adequacy
Anodizing thickness matching environment (C4/C5 classification)
NSS test results (PVI typically requests 2336 hours, prefers 2500 hours)

Expected service life = policy term (usually 10-25 years for solar)
O&M schedule: Documented maintenance plan

3. Operational Risk

EPC track record in Vietnam (claims history, project references)

O&M provider SLA: 25-year commitment with performance guarantees

Spare parts availability: Rails, clamps globally sourced?

Emergency response: Hurricane protocols, rapid damage assessment procedures

4. Financial Stability

System lender: Credit rating (banks preferred over individual projects)
Debt-service coverage ratio: Minimum 1.2x (DCSR > 1 strongly preferred)
Equity investor creditworthiness

Premium Impact:
- Projects with complete JIS C 8955 documentation + AL6005-T5 15-20 ym anodizing: 2—

4% premium reduction
- Projects lacking structural documentation: surcharge of 3-5% or coverage denial

8.3 EPC Procurement Strategy & Timeline

For EPCs securing large industrial contracts (1-5 MWp), the procurement matrix:
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Component

Specification

Supplier Lead Time

Availability in
Vietnam

Aluminum Rails

50x50%3 mm per JIS

Taiwan, South Korea,

(AL6005-T5, C 8955 6—8 weeks Japan (Ziyuan
anodized 15-20 ym) qualified)
A4-70 stainless, Local suppliers
Clamps & Hardware M10/M12 fasteners 4-6 weeks (Malaysia, Taiwan)
EPDM pads, ~60 Molded rubber
Ballast Bases kg/unit for 4-module 3—4 weeks suppliers (Vietham,
blocks Thailand)
. . 1000V DC rated, UV- Cable manufacturers
DC String Cabling resistant PVC 2—4 weeks (Japan, Germany)
Third-party PE .
Inspection/Testing verification, NSS 8-12 weeks TUV, UL, Pll, local

samples

PE firms

Typical Project Timeline:

- Weeks 1-4: Design & engineering (structural analysis, electrical design)

- Weeks 4-8: Permitting & approvals (lender, insurance, EVN preliminary review)
- Weeks 4-12: Procurement (material ordering, lead times)
- Weeks 12-16: Manufacturing & QC (anodizing, fastener batches)

- Weeks 12-20: Assembly & site prep (material staging, crew training)
- Weeks 20-24: Installation (field deployment, per Section 7)
- Weeks 24-26: Commissioning & testing (electrical sync, utility approval)
- Week 26: COD (Commercial Operation Date)

Total project duration: ~6 months (26 weeks) from contract to COD
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9. FAQ: STRATEGIC B2B DECISION-MAKING

Q1: With the proposed 50% surplus cap, will export-limiting devices be
mandatory?

A: Yes, in most provinces. While MOIT's draft regulations are still pending final language, the
trend is clear: utilities (EVN and provincial EPCs) will increasingly require export-limiting devices,
anti-islanding relays, and metering to enforce the agreed cap (50%, 40%, 30%, etc.) at the point
of common coupling (PCC).

Practical Guidance:

- Design the inverter and electrical system from day one for the full 50% scenario

- Install hardware-based limiters (not software-only), as hardware is more reliable and
auditable

- Get written confirmation from your local EVN district office on specific requirements

- Don't wait for finalized regulations; assuming 50% capability future-proofs against stricter
rules

Cost Impact: Export limiters add ~$5,000-$10,000 to a 3 MWp system (modest relative to total
CapEx).

Q2: Are Ziyuan-type quick-mount systems compatible with bifacial modules
(TOPCon, N-type)?

A: Yes, with proper verification. Modern bifacial modules (TOPCon, N-type, IBC) are physically
similar to monofacial (standard) modules but require specific clamp location requirements.

Verification Steps:

1. Module Frame Compatibility: Request clamp location diagram from module
manufacturer
- Typical allowable clamp zone: £50 mm from frame edge
- Bifacial frames usually 40—45 mm, compatible with standard clamps
2. Load Distribution: Confirm clamps remain within frame structure (not on cell area)

- Point loads on glass/cells — stress concentration —» microcracks over time

3. Backside Shading Minimization: Ziyuan's slim-profile rail designs target <15%
backside shading loss
- Request rail cross-section drawing to verify minimal obstruction
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- Bifacial gain potential: 10—20% additional energy from albedo (reflective roof
surface)
4. Pull-Test Verification: Request manufacturer's pull-test data
- Confirms clamp design withstands 60 m/s wind loads without frame damage

Timeline: 2—-3 weeks for module OEM to verify compatibility; obtain written sign-off before
procurement.

Q3: What about old or weak roofs in Vietnam's legacy factories?

A: Commission a structural assessment first. Many factories built 1990-2000 were designed for
~500 kg/m? live load capacity (per Vietnamese building codes of that era). A 1,000 m? array
adds 20-100 kg/m? depending on material.

Three-Stage Approach:

Stage 1: Capacity Determination (1-2 weeks)

Hire a PE to perform load-testing on representative areas

Visual inspection: Corrosion, cracking, past damage evidence

- Roof core samples (if accessible): Concrete strength assessment

Outcome: Determine remaining capacity (e.g., 300 kg/m? residual, vs. original 500)

Stage 2: System Configuration (2—-3 weeks)

- Ifresidual capacity sufficient: Use ballasted, zero-penetration system (distributes load
evenly)

- If capacity marginal: Implement localized purlin reinforcement (steel bracing under
ballast concentration points)

- If capacity very low: Consider structural jacking/underpinning (expensive; typically $20—
50/m?)

Stage 3: Implementation (varies)

- Reinforcement costs: Typically $5—15/m? (minimal relative to system cost $150—250/m?)
- Installation impact: Reinforcement work +1-2 weeks; overall project delay negligible

Financial Viability: In most cases, reinforcement costs are economically justified. Example:

- Array size: 1,000 m?
- Reinforcement cost: $10/m? x 1,000 = $10,000

33



ﬁ ) KIAMEN ZIYUAN ENERGY TECHNOLOGY CO., LTD

ZIYUAN

- System cost premium (vs. ground-mounted): $0 (rooftop is cheaper than land lease)

- NPV benefit from rooftop location: +$50,000—$100,000 (no land lease costs over 25
years)

- ROl on reinforcement: Positive within first year

Q4: What structural documentation does EVN, insurers, and lenders expect?

A: For multi-MW rooftop projects, stakeholders request a comprehensive documentation
package:

Tier 1: Structural Calculation Report (mandatory)

- PE-stamped design calculations per JIS C 8955

- Wind speed confirmation for specific site (reference MOIT meteorological maps or local
BIS data)

- Material stress analysis (field pressure, edge suction, corner suction separately modeled)

- Safety factors: ULS (1.5%) and SLS (deflection limits) verified

- Fastener design: Pull-out loads, tear-out margins calculated

- Thermal expansion: Accommodation details (rail end caps, sliding feet)

- Deliverable: Sealed PDF report, typically 15-30 pages with calculations and sketches

Tier 2: Material Certification Package

- AL6005-T5 extrusions: Mill test reports (yield strength 2240 MPa)

- Anodizing thickness: Eddy-current reports + NSS test results (=500 hours preferred)

- Fasteners: A4-70 stainless, certification + salt fog test data
- Galvanized components (if any): ASTM A123 compliance + zinc thickness verification
- Deliverable: Collected datasheets & certificates in binder or PDF folder

Tier 3: Installation QA Records

- Torque logs: Every fastener (M10, M12, etc.) with date, location, value, technician
signature

- Photographic documentation: Pre-installation, during assembly, final close-ups

- Material traceability: Batch numbers cross-referenced to mill certificates

- Weather logs: Rainfall, wind conditions during key phases (foundation, module
installation)

- Deliverable: Physical binder + digital copies; photographed for archive

Tier 4: Third-Party Inspection Report
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- Independent PE conducted on-site walk-through (typically at 50%, 75%, 100%
completion)

- Visual inspection: Clamp engagement, no visible voids, fastener alignment, proper
spacing

- Spot-check torque verification: Sample 10-15 fasteners across array

- Final sign-off: PE stamp + signature confirming compliance with design drawings

- Deliverable: Sealed inspection report, typically 5-10 pages with photos

Timeline for Complete Package:

- Structural design: 2—4 weeks (PE analysis)

- Material sourcing: 6—8 weeks (lead times for AL6005-T5, anodizing)
- Installation + QA: 3—4 weeks (field work + inspections)

- Total: 12-16 weeks

Cost for Complete Bankability Package:

- Structural design PE: $3,000-$8,000

- Third-party inspection: $2,000-$5,000

- Documentation compilation: $1,000-$2,000

- Total: $6,000-$15,000 (scales with project size; typical 1-2% of total CapEx)

Value Delivered:

- Lenders approve financing 4—6 weeks faster (documentation in place)

- Insurance underwriters issue policies without additional review cycles

- Reduces financing cost by 200—400 bps (80% LTV @ 6.5% vs. 65% LTV @ 9.5%)

- ROI on documentation package: 3—-5x within first year (through financing savings)

Q5: Does storage (BESS) improve IRR under Decree 57's draft framework?

A: Possibly, but depends on tariff confirmation. The policy direction is increasingly friendly
toward storage, but exact mechanisms are evolving.

Current Status:
- MOIT has signaled openness to storage incentives (possibly higher export rates, faster
payback credits)

- EVN's technical team is reviewing peak/off-peak tariff structures
- No final tariff published as of February 2026
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Financial Modeling (lllustrative Scenario):
Assume:
- Peakrate (8 AM — 4 PM): 2,500 VND/kWh
- Off-peak rate (5 PM — 11 PM): 1,500 VND/kWh

- Rate differential: 40% (premium for evening supply)

With 2 MWh (2-hour) battery:

Daily battery charge: 2 MWh (filled during off-peak hours)

Daily battery discharge: 2 MWh (pushed into peak period)

- Daily incremental revenue: 2 MWh x ($0.30/kWh — battery loss 10%) = $540/day
Annual: ~$135,000 (accounting for seasonal variation)

Impact on 3 MWp system:

- Baseline IRR (PV-only, 50% export): 11.5%

- With 2 MWh battery: IRR improves to ~13.2% (1.7 pp gain)

- But: Battery replacement needed at Year 12—15 (~$600k for 2 MWh @ $300/kWh)

- Adjusted IRR (accounting for replacement cost): ~12.2-12.6% (+0.7—1.1 pp net benefit)

Recommendation:

- Near term (2026): Wait for MOIT to publish final storage tariff framework (expected Q2
2026)

- Ininterim: Design electrical systems to accommodate future battery integration (DC-
coupled inverter with extra capacity reserved)

- Long term: If tariffs favorable, battery additions become economically compelling;
existing systems can be retrofitted

10. CONCLUSION & RECOMMENDATIONS

10.1 Key Takeaways
1. Policy Transition — Complete by Q2 2026

- The 50% surplus export cap is the most significant policy shift in Vietham's C&l solar
market since 2025
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- Financial impact: +$140,000 NPV per megawatt (vs. 20% regime)
- Early movers (COD by Q3 2026) capture highest VCGM-based export rates before
market saturation

2. Structural Standards Are Non-Negotiable

- Lenders, insurers, EVN now mandate Professional Structure Analysis Reports per JIS C
8955

- Under-specification will fail within 7—10 years, erasing DPPA revenue and triggering
costly remediation

- AL6005-T5 + 15-20 ym anodizing is the validated, bankable baseline

3. Material Science Drives Long-Term LCOE

- A 28% upfront investment in validated structure reduces lifetime LCOE by ~8%
($0.025/kWh)

- Corrosion protection failures in marine zones (Hai Phong, Vung Tau) are the #1
operational risk

- NSS 500+ hour testing standard ensures 25-year durability; 10 ym anodizing insufficient
for coastal projects

4. Installation Speed = Financing Advantage

- Quick-mount systems reduce COD by 2—-3 weeks, capturing ~$18,000 per 3 MWp in
revenue timing

- Zero-penetration designs maintain roof warranty, critical for leased/high-tech facilities

- 40% labor reduction vs. traditional racking; total first-year savings ~$66,000 per 3 MWp

5. B2B Lender Appetite Is Strong

- Projects with complete structural documentation & DPPA off-take: 80% LTV @ 6—-7%
cost of capital

- Non-compliant projects: 65-70% LTV, 9-11% cost of capital (200—400 bps higher)

- Having a bankability checklist ready accelerates financing by 6—-8 weeks

10.2 Recommendations for Industrial Owners
Immediate (February—March 2026):

Conduct roof structural assessment (load capacity, waterproofing condition)
Engage an EPC with proven JIS C 8955 design expertise

Secure preliminary DPPA indication from EVN or direct off-taker (validates revenue
assumptions)
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Mid-Term (April-June 2026):

Finalize design with PE-stamped structural calculations
Procure materials (AL6005-T5 anodized rails, A4-70 stainless fasteners)
Arrange construction financing (lenders offer better terms pre-COD)

Execution (July—September 2026):

Deploy quick-mount or zero-penetration systems

Rigorous QA: Torque logs, photographic documentation, third-party inspection

Achieve COD before Q4 2026 (captures higher VCGM rates; typical peak in summer-to-
autumn)

10.3 Recommendations for EPCs
To Capture 2026—2027 Market Share:

1. Build Structural Design In-House

- Hire or contract a PE licensed in Vietham with JIS C 8955 expertise
- Offer turnkey structural design; reduce client dependence on external consultants

2. Standardize on AL6005-T5 + Quick-Mount

- Achieve 40%+ labor time reduction vs. competitors

- Differentiate on speed-to-grid and zero-penetration claims

- Establish supply chain: Taiwan/Korea AL6005-T5 sources, Viethamese fastener
partners

3. Develop Bankability Packages

- Pre-bundled documentation: Structural reports, material certificates, QA
templates

- Reduce lender due diligence time; improve financing approval rates

- Differentiate from competitors offering only hardware

4. Establish 25-Year O&M SLA
- Insurance underwriters favor EPCs offering long-term maintenance agreements
- Creates recurring revenue ($5,000-$10,000/year per MWp for bolt checks,

corrosion inspections)
- Strengthens customer relationships; repeat business potential
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10.4 Recommendations for Lenders & Insurers
Risk Mitigation in Vietham's 2026 Market:

1. Mandate Structural Documentation

- Non-negotiable: PE-stamped JIS C 8955 analysis
- Reduces post-deployment structural failures (current claim rate: 3—4% in Vietham)

2. Differentiate Premiums by Material Spec

- AL6005-T5 + 15-20 ym anodizing: —2% insurance premium vs. generic systems

- Incentivizes borrowers to invest in durability; reduces long-term claim frequency
3. Require Bankability Certification

- Partner with independent PEs for third-party structural inspections
- Cost: ~$3,000-$5,000 per project; ROl in reduced claims: 10:1 over 10 years

4. Align DPPA Terms with Structural Lifecycles

- Export agreements =25 years only for systems meeting JIS C 8955 + material

specs
- Flag under-spec systems for reduced loan term or higher cost of capital

11. APPENDICES

Appendix A: Sample JIS C 8955 Compliance Calculation

[Full calculation provided in Section 4.4; reproduced here for reference]
Project: 1 MWp rooftop array, VSIP Binh Duong, flat concrete roof, 60 m/s design wind

Structural Pass/Fail Summary:

- Rail bending stress: 6.07 MPa vs. 160 MPa allowable — 3.8% utilization v PASS
- Fastener load: 30 kN vs. 110 kN capacity - 27% utilization v PASS

- Deflection: <5 mm vs. 28 mm allowable — Acceptable v PASS
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Appendix B: Material Specifications Checklist for Procurement
[Comprehensive checklist provided for AL6005-T5, A4-70 fasteners, anodizing, etc.]

Use this checklist when placing orders with suppliers:

- Aluminum: Alloy AL6005-T5, yield 2240 MPa, anodizing 15-20 ym
- Fasteners: A4-70 stainless (not A2-70)
- Corrosion testing: NSS =500 hours (request test reports)

Appendix C: Installation QA Checklist (Quick-Mount Systems)

Pre-Installation:

Roof survey completed; waterproofing assessed; load capacity verified
Materials received: Inspect anodizing, fastener batch numbers
Crew briefing: JIS C 8955 context, torque specifications

Installation Phase:

Laser level setup & string line verification

Ballast base spacing per design (3—5 m centers)

Rails clipped into bases; tension checked

Modules positioned; clamps torqued to spec (10-15 Nm typical)
DC polarity verified (multimeter test)

Bonding connections confirmed (continuity test)

Post-Installation:

Photographic documentation (full array, clamp details, labels)
Torque log compiled (every fastener)

Third-party inspection: Sign-off obtained

As-built drawing delivered to client & lender

Warranty paperwork: EPC defect warranty =10 years, O&M SLA executed
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Appendix D: Corrosion Mitigation Checklist (25-Year Service)

Roof survey: C4—C5 marine classification confirmed

AL6005-T5 rails: 2240 MPa yield, 2240 MPa, anodized 15-20 pm

Fasteners: A4-70 stainless (no carbon steel contact)

Drainage design: Roof slope =22%, no water pooling

Thermal expansion: £5 mm clearance on long rails

Annual maintenance: Bolt inspection, torque verification, visual corrosion check

O&M reserve fund: 1-2% of CapEx set aside annually, indexed for inflation
Insurance policy: Reviewed for corrosion exclusions

Document Metadata

Document Title: Vietham Decree 57: Maximizing Industrial Rooftop Solar ROl in 2026
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