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Abstract: Rapid growth in electric vehicle (EV) 

ownership is placing new strain on Vietnam's urban 

distribution networks. Fast-charging loads tend to 

concentrate at a small number of grid nodes during 

peak hours, and this concentration is what motivates 

the present work. Co-locating distributed 

photovoltaic (PV) generation with charging 

infrastructure is one way to reduce that strain while 

also lowering the carbon intensity of the electricity 

actually consumed by vehicles. This paper 

documents the full engineering workflow used to 

design a 93.2 kWp grid-connected PV system for a 

multi-bay commercial EV charging station in 

northern Vietnam: solar resource characterisation, 

load estimation, component selection, electrical 

configuration, and dynamic simulation. The array 

uses SunPower SPR-E20-327 monocrystalline 

modules with SMA Sunny Tripower three-phase 

inverters and a Sunny Home Manager 2.0 controller. 

A full-year simulation in PV*SOL 2026 returned an 

annual AC output of 107,219 kWh, a specific yield 

of 1,150.67 kWh/kWp, and a system Performance 

Ratio of 87.03%. Two charging control strategies 

were compared — a standard grid-priority mode and 

a PV-optimized mode — and the latter raised direct 

solar self-consumption to nearly 100% under clear-

sky conditions. Simple payback ranges from 3.8 to 

6.1 years depending on the electricity tariff scenario 

applied, comfortably inside the 25-year warranted 

module life. The station is estimated to avoid 

roughly 22.5 tonnes of CO2 per year. Beyond the 

specific case study, the paper is intended as a 

reusable sizing and evaluation template for similar 

solar-EV projects elsewhere in Southeast Asia, 

though the concluding section notes where the 

present analysis still falls short of a fully validated 

techno-economic model. 
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I. INTRODUCTION 
Transportation accounts for a large and 

growing share of global energy use and greenhouse 

gas emissions. Replacing internal combustion 

engine (ICE) vehicles with battery electric vehicles 

(BEVs) is one of the few near-term measures 

capable of meaningfully reducing transport-sector 

carbon output, and Vietnam's vehicle market is 

already moving in this direction. Domestic EV sales, 

led by VinFast but increasingly joined by 

international brands, surpassed 97,000 units in 2024; 

battery electric vehicles are projected to exceed 22% 

of new passenger car registrations in 2025 [7]. Two-

wheelers show a comparable trend. Nearly 209,000 

electric motorcycles were sold in Vietnam in the 

first half of 2025 alone, which put the country third 

worldwide in that segment [7]. 

This growth does not come free of cost to 

the grid. Distribution system operators face a 

genuine planning problem when fast-charging loads 

are added without coordination [5], [8]. DC Level 3 

stations rated at 50 kW or above can produce sharp 

demand spikes. These spikes stress local 

transformers and degrade power quality, and if the 

underlying grid supply is thermally dominated, they 

can simply shift emissions upstream rather than 

eliminate them [5]. Placing rooftop or canopy PV 

arrays next to charging infrastructure addresses part 

of this problem [10], [11]. Solar output tends to peak 

around midday, which roughly overlaps with vehicle 

arrivals at commercial sites; energy consumed 

directly from the array reduces both net grid import 

and the associated carbon intensity of each charging 

session; and any surplus can be exported under 

applicable buyback arrangements. 

Northern Vietnam is reasonably well suited 

to this approach. The Hanoi–Thai Nguyen corridor 

records an annual global horizontal irradiance (GHI) 

of approximately 1,345 kWh/m²/year [6]. There is a 

pronounced cloudy season from November through 

March, so the resource is seasonal rather than 

uniform, but properly oriented systems in the region 

still reach capacity factors comparable to several 

European installations that are already considered 

economically viable [9]. 
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Despite this favourable resource, locally 

calibrated and simulation-validated design guidance 

for solar-EV projects in Vietnam remains limited, 

and this gap is what the present paper addresses [1]. 

The contribution is threefold. First, we present a 

step-by-step sizing methodology grounded in the 

solar resource data specific to northern Vietnam [1], 

[6]. Second, we run a full-year dynamic simulation 

in PV*SOL that accounts for seasonal irradiance 

variation, temperature derating, inverter clipping, 

and DC ohmic losses [4]. Third, we carry out a 

multi-scenario techno-economic evaluation covering 

simple payback, annual revenue, and cumulative 

CO2 abatement [12], [13]. The resulting design — a 

93.2 kWp array serving a mixed Level 2 AC / Level 

3 DC charging station — is offered as a template 

that developers and utilities can adapt to comparable 

sites across the region. 

 

II. EV CHARGING TECHNOLOGY AND 

PV-EV INTEGRATION 

ARCHITECTURES 
2.1 EV Classification and Charging Standards 

EVs fall into four broad categories based 

on drivetrain configuration and how each interacts 

with the grid [8]. Hybrid Electric Vehicles (HEVs) 

pair an ICE with a small traction battery recharged 

only through regenerative braking; they draw no 

grid energy at all. Plug-in Hybrid Electric Vehicles 

(PHEVs) add an external charging port and a larger 

battery, giving a useful all-electric range — 

typically 40 to 80 km — before the combustion 

engine takes over [5]. Battery Electric Vehicles 

(BEVs) run entirely on stored electrical energy, 

which makes them fully dependent on the charging 

infrastructure this paper is concerned with [7], [8]. 

Extended-Range Electric Vehicles (EREVs), the 

BMW i3 REx being a familiar example, are BEVs 

fitted with a small onboard generator for limited 

range extension once the primary battery is 

depleted. 

Charging infrastructure is organised into 

three power levels, governed mainly by the SAE 

J1772, SAE J1772 Combo, and CHAdeMO 

standards [2], [8]. Level 1 (120 V AC, up to 1.9 kW) 

uses a domestic socket and adds roughly 8 to 15 km 

of range per hour of charging. It suits overnight 

home charging but is not practical for commercial 

use. Level 2 (208/240 V AC, 3.6 to 19.2 kW) is the 

standard for workplace and retail charging and 

restores a typical 300 km range in three to six hours 

[10]. Level 3, or DC fast charging (200 to 500 VDC, 

40 to 150 kW and above), bypasses the vehicle's 

onboard AC/DC converter and charges the battery 

directly. A 50 kW DC charger can recover about 75 

km of range in under 20 minutes, which is why this 

level is used along highway corridors and at high-

throughput urban hubs [8]. 

SAE J1772, including its Combo variant 

that adds two DC power pins to the AC connector, is 

the dominant standard in North America and is 

gaining ground in Asia [2]. CHAdeMO, developed 

by a Japanese industry consortium, is still widely 

used on Nissan LEAF and Mitsubishi vehicles. Both 

protocols include mandatory ground-fault detection, 

interlocked connector engagement, and a digital 

handshake that negotiates voltage and current before 

power flows [2]. These features are what make 

unattended outdoor operation in tropical rain and 

heat acceptable from a safety standpoint. 

 

2.2 PV-EV System Integration Topologies 

Four power-electronic architectures are commonly 

used to couple PV arrays with EV charging 

equipment [8], [11]: 

− Structure 1 (AC-Coupled, Separate 

Converters). The PV array feeds a 

conventional DC-AC grid-tie inverter, and 

the EV charger is a separate AC-DC unit 

on the same local AC bus [10]. Both 

devices interface with the utility AC grid 

independently. This is the simplest 

topology to permit and install, but solar 

energy delivered to a vehicle undergoes 

two conversion stages (DC to AC in the 

inverter, then AC to DC in the charger). 

− Structure 2 (DC-Coupled, Common Bus). 

PV and EV converters share a DC link, and 

a single bidirectional inverter handles the 

grid interface [11]. Solar energy reaches 

the vehicle battery through only one 

conversion stage, which raises round-trip 

efficiency by roughly 3 to 5 percentage 

points relative to Structure 1. The trade-off 

is that a dedicated internal DC network 

must be built rather than reusing existing 

AC wiring. 

− Structures 3 and 4 (Multi-Port Converters). 

These combine PV, EV, battery storage, 

and grid interfaces in a single compact 

converter, cutting component count and 

simplifying control [8]. Structure 4 extends 

the idea further to a shared DC nanogrid 

connecting several charging bays. 

This design uses Structure 1, in its grid-

connected, storage-free form [1], [10]. Three factors 

drove this choice: the site already has a three-phase 

380 V supply; the selected inverter platform is 

commercially mature [3]; and the project prioritises 

a lower upfront capital cost and easier bank 

financing [12]. Without a dedicated battery bank, 

the grid absorbs the buffering role, which is 
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acceptable given the reliability of supply in this 

urban zone, and the project avoids the maintenance 

and periodic replacement costs that come with 

stationary storage [13]. 

 

2.3 Grid-Connected Power Balancing Logic 

At any instant t, the net power drawn from, or 

exported to, the utility grid is given by 

PNet(t) = PLoad(t) − PPV(t) (1) 

where PLoad(t) is the combined instantaneous demand 

of the active charging bays plus auxiliary station 

loads, and PPV(t) is the array output as regulated by 

the Maximum Power Point Tracking (MPPT) 

algorithm in each inverter string [3]. When PPV(t) 

exceeds PLoad(t), the Sunny Home Manager 2.0 

directs the surplus to the grid. During night hours or 

heavy overcast, PPV(t) approaches zero and the 

station draws entirely from the grid. The same 

controller also implements the PV-optimized 

charging mode described in Section 4.3, which 

deliberately throttles charger power to raise the solar 

self-consumption ratio [10], [13]. 

 

III. TECHNICAL DESIGN AND SIZING 

CALCULATIONS 
3.1 Site Solar Resource Characterisation 

The station sits in the Hanoi–Thai Nguyen 

metropolitan corridor in northern Vietnam, at 

approximately 21°N, 105.8°E. Global Solar Atlas 

data for this location give an annual GHI of 1,345 

kWh/m²/year. Converting to a daily Peak Sun Hour 

(PSH) index, 

        PSH = 1,345 / 365 = 3.69 h/day (2) 

This average masks a strongly bimodal seasonal 

pattern. From April to September, daily PSH 

regularly exceeds 4.5 hours; from November to 

February, it can fall below 2.5 hours [6]. A sizing 

methodology that only used the annual average 

would either undersize the array for winter demand 

or oversize it to the point of wasteful summer 

inverter clipping, so both seasonal extremes need to 

be kept in view during component selection [9], 

even though the closed-form sizing check in Section 

3.3 is necessarily based on the annual PSH. 

Field tilt-angle experiments on representative 

modules (360 W, 450 W, and 540 W variants) in the 

Hanoi area found that a south-facing array tilted 

between 12° and 18° captures the highest integrated 

annual plane-of-array (POA) irradiance at this 

latitude, while also promoting self-cleaning through 

rainfall [1], [9] — a genuinely useful side effect 

given the region's monsoon pattern. 

 

3.2 Load Profile Estimation 

The station's design load combines Level 2 AC 

chargers (7.4–11 kW each) and Level 3 DC fast 

chargers (40–50 kW each) [1], [2]. Using the 

VinFast VFe34 sedan as the design vehicle — a 

representative local BEV with a 42 kWh usable 

battery and a 300 km rated range — a typical charge 

cycle that restores the battery from 20% to 85% 

state of charge (the range commonly recommended 

to limit cell degradation) draws 

        Echarge = 42 × (0.85 − 0.20) = 25.2 kWh (3) 

For a station serving ten vehicles concurrently 

across a mixed AC/DC charger array, and 

accounting for charging overlap and the arrival 

distribution across a 13-hour operating window 

(08:00–21:00), the daily electrical demand 

attributable to vehicle charging is approximately 

420 kWh [1], [10]. Station auxiliary loads — 

lighting, HVAC, monitoring electronics — add a 

further 15–20 kWh per day, bringing total daily site 

load to approximately 435–440 kWh; the 

calculations in Section 3.3 use the midpoint value, 

E_daily = 437.5 kWh. 

 

3.3 PV Array Sizing 

A first-pass estimate of the required PV capacity can 

be obtained from the relationship between daily 

energy demand and the available solar resource, 

corrected for system losses [1], [13]: 

        PPV = Edaily × CFloss / PSH (4) 

where CF_loss accounts for DC wiring losses, 

soiling, mismatch, and temperature derating at 

typical operating cell temperatures of 45–50°C, 

together with inverter efficiency [4], [9]. Taking 

CFloss = 1.25 as a representative value and 

substituting Edaily = 437.5 kWh and PSH = 3.69 

h/day gives 

        PPV = 437.5 × 1.25 / 3.69 = 148.2 kWp  

This first-pass figure is deliberately conservative: it 

sizes the array against the annual-average PSH and 

assumes the entire daily load must be met from solar 

alone, with no grid contribution during low-

irradiance periods. In practice the station retains grid 

backup at all times (Section 2.3), so Equation 4 is 

used only as an upper-bound sanity check on array 

size, not as the final design value. The installed 

capacity was instead set through iterative PV*SOL 

simulation (Section 4), balancing summer clipping 

losses against winter shortfall and against the roof or 

canopy area actually available at the site; this 

process converged on 93.2 kWp, roughly 63% of the 

Equation 4 upper bound, consistent with a design 

that leans on the grid rather than the array alone to 

cover the lowest-irradiance weeks. 

High-efficiency SunPower SPR-E20-327 

monocrystalline back-contact modules were selected 

for their 20.4% conversion efficiency and a 

comparatively low temperature coefficient 

(−0.38%/°C at Pmax), which limits output loss 
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during Vietnam's hot summer months relative to 

conventional PERC cells [9]. Table 1 lists the 

module's Standard Test Condition (STC) 

parameters. 

 

Table 1. SunPower SPR-E20-327 Module — STC Electrical Parameters 

Parameter Value Parameter Value 

Maximum Power (Pmax) 327 W Short-Circuit Current (Isc) 6.46 A 

Voltage at Pmax (Vmp) 54.7 V Open-Circuit Voltage (Voc) 64.9 V 

Current at Pmax (Imp) 5.98 A Module Efficiency 20.4% 

 

The number of modules needed to reach the design 

target is 

        Nmodules = 93,150 W / 327 W = 284.9 → 

rounded up to 285 modules (5) 

Because 285 modules cannot exactly reproduce a 

93.15 kWp nameplate figure, the as-built DC 

capacity is 

        285 × 327 W = 93,195 Wp = 93.2 kWp  

and this is the value used consistently for the 

remainder of the paper (Table 2 and the techno-

economic analysis in Section 5 both round to 93.2 

kWp). 

The 285 modules are arranged into multiple parallel 

strings, each a series-connected chain sized so that 

its open-circuit voltage stays within the inverter's 

MPPT input window across both temperature 

extremes [3]. String sizing was checked against the 

maximum DC input voltage limit (1,000 V) and the 

MPPT tracking range (300–800 V) of the SMA 

Sunny Tripower 20000TL-US units [3]. 

 

3.4 Inverter and Energy Management System 

Selection 

SMA Sunny Tripower 20000TL-US three-phase 

grid-tie inverters, each rated at 20 kW AC, were 

chosen for their dual MPPT channels — useful for 

tracking roof sections with different orientations or 

shading — their built-in string monitoring, and a 

track record of reliable operation in tropical climates 

[3]. Five units give an installed AC capacity of 100 

kW, close to the 93.2 kWp DC array; this near-1:1 

DC-to-AC ratio was a deliberate choice to limit 

clipping losses, since northern Vietnam's irradiance 

peaks are relatively modest compared with, for 

example, equatorial or high-altitude sites. 

Monitoring and load-dispatch coordination are 

handled by the Sunny Home Manager 2.0, which 

communicates with the inverters over SMA 

Speedwire/Webconnect and with the EV chargers 

through an open-protocol energy management 

interface [3], [4]. The controller continuously 

measures PV generation, station load, and grid 

import/export, and it implements the two charging 

strategies compared in Section 4.3. 

IV. PV*SOL SIMULATION AND 

PERFORMANCE RESULTS 
4.1 Simulation Model Configuration 

The station was modelled in full in PV*SOL 

2026 (Valentin Software) [4], using hourly 

Meteonorm 8 weather data for the Hanoi reference 

location, thermal models of the module array, and 

three-dimensional shading analysis — the latter 

contributing little given the flat-roof canopy 

geometry assumed here. The dynamic EV load 

profile spans the 08:00–21:00 operating window 

described in Section 3.2 [4], [6]. 

The array faces true south at a tilt of 15°, the 

midpoint of the experimentally validated 12–18° 

range from Section 3.1 [1], [9]. Inter-row spacing 

was set to avoid self-shading at the December 

solstice sun elevation of approximately 31° at 21°N. 

Soiling losses of 2% and DC cable losses of 1.5% 

were applied, both consistent with industry practice 

for a well-maintained array in a moderately dusty 

urban setting [4]. 

 

4.2 Annual Energy and Performance Metrics 

Table 2 summarises the annual simulation output 

[4]. The system produces 107,219 kWh of AC 

electricity per year, equal to a specific yield of 

        Yf = EAC / Prated = 107,219 / 93.2 = 1,150.6 

kWh/kWp (6) 

which matches the PV*SOL-reported value of 

1,150.67 kWh/kWp to within rounding. The 

Performance Ratio is defined as the ratio of the final 

yield to the reference yield obtained under STC 

irradiance with no system losses, 

        PR = Yf / Yr (7) 

and PV*SOL reports PR = 87.03% for this array. In 

practical terms, this means thermal losses, cabling, 

and inverter inefficiency together consume only 

about 13% of the theoretical STC output — a 

comparatively low loss fraction for a subtropical site 

[9]. Two factors help explain it: the back-contact 

cell design of the SunPower modules avoids front-

side metallisation shading and performs better under 

low irradiance, and the SMA inverters carry a high 

weighted efficiency across their operating range [3]. 
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Table 2. PV*SOL Annual Simulation Results 

Simulation Metric Value 

Total Installed PV Capacity 93.2 kWp 

Annual AC Energy Output 107,219 kWh/year 

Specific Annual Yield 1,150.67 kWh/kWp 

System Performance Ratio (PR) 87.03% 

Direct Self-Consumption Ratio ~99.9% (PV-Optimized mode) 

Annual CO2 Emissions Avoided ~22,516 kg/year 

 

4.3 Scenario Analysis: Standard vs. PV-Optimized 

Charging 

Two operating strategies were compared to quantify 

how much smart charge control affects solar self-

consumption [10], [13]. 

− In Standard Mode, chargers run at rated 

power regardless of PV output. When solar 

generation is below station load, the grid 

instantly supplies the shortfall; when 

generation exceeds load, which typically 

happens around solar noon on clear days, 

the surplus goes to the grid. This mode 

maximises charging throughput but sends a 

large share of midday solar output to the 

grid rather than directly into a vehicle. 

− In PV-Optimized Mode, the Sunny Home 

Manager adjusts charger power set-points 

to track available solar generation [3], [10]. 

A vehicle already connected accepts a 

slower charge rate when only PV power is 

available and only draws grid power once 

the customer indicates an imminent 

departure with a specific state-of-charge 

requirement. Under this mode, the 

simulation shows the fraction of vehicle 

energy supplied directly from solar rising 

to nearly 100% on clear summer days, with 

annual grid imports reduced by more than 

30% [13]. 

During the high-irradiance months (May–August), 

the array reaches nameplate output for several hours 

a day, covering the concurrent charging load and 

still exporting several hundred kWh. During the 

low-irradiance months (November–February), the 

Sunny Home Manager blends PV and grid power 

automatically, and charging service continues 

uninterrupted even when array output drops to 20–

30% of peak [3]. 

 

V. TECHNO-ECONOMIC AND 

ENVIRONMENTAL IMPACT 

ANALYSIS 
5.1 Capital Cost Structure 

Table 3 gives the estimated investment 

breakdown for the 93.2 kWp station at mid-2025 

Vietnamese market prices [1], [12]. Total capital 

expenditure is approximately 1,300.4 million VND 

(roughly USD 51,600 at prevailing exchange rates), 

covering PV modules, inverters, mounting 

structures, DC and AC balance-of-system, EV 

charging equipment, and commissioning [1], [12]. 

 

Table 3. Indicative Capital Cost Breakdown 

Component Unit Price (VND) Quantity Total (VND) 

PV Modules (SunPower 327 W) ~3,080,000 285 877,800,000 

SMA Sunny Tripower Inverters ~13,640,000 5 68,200,000 

Mounting Structure 350,000/m² 239 m² 83,650,000 

EV Charging Units (×10) ~15,072,000 10 150,720,000 

Balance of System & Installation — — ~120,000,000 

Total Estimated CAPEX ≈ 1,300,370,000 VND 
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5.2 Revenue Generation and Payback Analysis 

The main financial return comes from displacing 

grid electricity, currently priced between 2,000 and 

3,200 VND/kWh for commercial consumers in 

Vietnam, with self-generated solar power [1], [12]. 

VinFast's own public charging tariff is set at 

approximately 3,177 VND/kWh, which is used here 

as the upper reference case. A secondary return 

arises from any surplus exported under net-metering 

or an applicable buyback arrangement [12], [13]. 

At the VinFast retail tariff, applying the simulated 

annual output of 107,219 kWh gives 

        Revenuehigh = 107,219 kWh × 3,177 VND/kWh 

= 340.6 million VND/year (8) 

        PPhigh = CAPEX / Revenuehigh = 1,300.4 / 

340.6 = 3.8 years (9) 

At the lower end of the commercial tariff range 

(2,000 VND/kWh), the same array yields 

        Revenuelow = 107,219 kWh × 2,000 VND/kWh 

= 214.4 million VND/year (10) 

        PPlow = CAPEX / Revenuelow = 1,300.4 / 214.4 

= 6.1 years (11) 

The simple payback therefore falls between 3.8 and 

6.1 years depending on which tariff applies and on 

how actual yield in a given year compares with the 

simulated value. Even the upper end of this range is 

modest set against the 25-year warranted 

performance life of the SunPower modules, which 

guarantee at least 92% of nameplate output after 25 

years [12]. Once the investment is recovered, the 

station generates 214–341 million VND per year 

with little ongoing operating cost, a return that 

compares favourably with typical bank deposit rates 

in Vietnam [12], [13]. 

A sensitivity comparison across five design 

configurations, from a single-household charger 

(Model 1, approximately 9 kWp, payback near 5.2 

years) to the full commercial station analysed here 

(Model 3, approximately 93 kWp) and on to a 

combined charging-and-battery-swap hub (Model 5, 

payback near 3.9 years), indicates that larger 

installations benefit from economies of scale, and 

that ancillary revenue from battery swapping 

shortens payback further [1], [12]. This comparison, 

however, draws on a single-source thesis dataset [1] 

rather than an independently verified set of 

installations, a limitation addressed further in 

Section 7. 

 

5.3 Environmental Impact 

Using the 2024 Vietnamese national grid average 

emission intensity of approximately 0.21 

kgCO2/kWh — a figure that reflects the country's 

still coal-dominant but gradually diversifying 

generation mix — the annual displacement of 

107,219 kWh of grid electricity corresponds to 

        CO2avoided = 107,219 × 0.21 = 22,516 kg/year 

(22.5 tonnes/year) (12) 

Multiplying this figure by 25 years gives a 

cumulative avoidance of approximately 563 tonnes 

of CO2, equivalent to removing roughly 125 

average passenger cars from the road for the 

system's warranted lifetime [1], [13]. This is a linear 

projection and should be read as an upper bound: if 

Vietnam's grid emission factor declines over the 

next 25 years, as intended under the country's 

nationally determined contribution targets, the 

incremental CO2 avoided by the station in later 

years will be correspondingly smaller, since 

displaced grid electricity will itself be cleaner. The 

563-tonne figure is therefore best understood as a 

conservative estimate under a constant-grid-mix 

assumption, not a forecast. It nonetheless represents 

a real contribution toward Vietnam's COP26 

commitment to net-zero emissions by 2050. 

 

VI. RELATED WORK AND 

POSITIONING 
Several prior studies inform the design 

choices made here, and it is worth being explicit 

about how this paper differs from them rather than 

treating the citations as a general background list. 

Mouli et al. [10] and Shariff et al. [11] both 

present system designs for solar-powered EV 

charging stations, but neither includes a full-year 

dynamic simulation calibrated against a specific 

local weather dataset; their sizing is based on 

representative or generic irradiance profiles rather 

than site-measured GHI. ElNozahy and Salama [5] 

provide a detailed review of the grid-side impacts of 

uncoordinated EV charging, which motivates the 

grid-balancing discussion in Section 2.3, but that 

review does not extend to PV-EV integration or 

techno-economic evaluation. Chandra et al. [12] and 

Hassan et al. [13] both carry out techno-economic 

assessments of grid-connected PV-EV stations, 

closer in scope to Section 5 of this paper, but neither 

study is set in a Southeast Asian context, and neither 

reports a simple-payback sensitivity across multiple 

tariff scenarios of the kind presented in Equations 

8–11. 

The present paper's contribution relative to 

this body of work is narrower than the three points 

listed in Section 1 might suggest in isolation, and it 

is worth stating plainly: this is a single-site case 

study using one commercial hardware combination 

(SunPower modules, SMA inverters, PV*SOL 

simulation), calibrated to northern Vietnam's solar 

resource and electricity tariff structure. It is not a 

general PV-EV sizing theory, and the specific 

numerical results (93.2 kWp, 4–6 year payback) 

should not be read as representative of all 
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Vietnamese sites without re-running the 

methodology against local load and irradiance data. 

 

VII. LIMITATIONS AND FUTURE WORK 
Three limitations deserve explicit mention. 

First, the PV*SOL simulation results in Section 4 

have not been validated against measured 

performance data from an operating installation; the 

87.03% Performance Ratio and 1,150.67 kWh/kWp 

specific yield are simulation outputs, not field-

measured values, and actual performance could 

differ due to factors the simulation does not fully 

capture, such as non-ideal soiling accumulation 

during the monsoon season or inverter derating 

under sustained high ambient temperature. Second, 

the techno-economic analysis in Section 5 uses a 

simple payback metric without discounting future 

cash flows; a net present value or levelised cost of 

energy calculation, incorporating a discount rate and 

a degradation schedule for module output, would 

give a more complete financial picture and is left for 

future work. Third, the five-configuration sensitivity 

comparison in Section 5.2 draws on a single 

unpublished thesis source [1]; independent 

replication using data from at least one other 

operating station would strengthen confidence in the 

reported payback range. 

Future work should prioritise, in order: (i) 

instrumenting the completed installation to compare 

measured versus simulated annual yield over at least 

one full seasonal cycle; (ii) extending the techno-

economic model to include discounted cash flow 

analysis and a sensitivity study on module 

degradation and future grid emission factors; and 

(iii) evaluating whether battery storage, omitted 

from the present design for cost reasons (Section 

2.2), would be justified once time-of-use tariffs or 

demand charges are introduced for commercial EV 

charging sites in Vietnam. 

 

VIII. CONCLUSION 
This paper has worked through the engineering 

design, PV*SOL simulation, and techno-economic 

evaluation of a 93.2 kWp grid-connected PV system 

for a commercial multi-bay EV charging station in 

northern Vietnam [1], [4]. The main findings are as 

follows. 

The system achieves an annual AC output of 

107,219 kWh and a specific yield of 1,150.67 

kWh/kWp, with a Performance Ratio of 87.03% that 

reflects both the selected hardware and the array 

layout [3], [4]. Field experiments confirmed that a 

south-facing installation tilted at 12–18° maximises 

annual POA irradiance capture at this latitude [1], 

[9]. 

The PV-optimized charging mode, enabled by the 

Sunny Home Manager 2.0, raises direct solar self-

consumption to nearly 100% under clear-sky 

conditions, reducing the station's carbon intensity 

relative to grid-only operation [3], [10], [13]. 

Simple payback falls between 3.8 and 6.1 years 

depending on the tariff scenario, well within the 25-

year module warranty period, with annual revenue 

of 214–341 million VND once the system is paid off 

and operating costs remain low [12]. 

The environmental case is meaningful though not 

unconditional: 22.5 tonnes of CO2 avoided per year, 

rising to an estimated 563 tonnes across the system's 

warranted life under a constant-grid-mix 

assumption, with the true figure likely lower if 

Vietnam's grid continues to decarbonise as planned 

[13]. 

Read together with the limitations noted in Section 

7, this design methodology offers a starting 

reference for engineers, developers, and 

policymakers working on solar-integrated EV 

infrastructure in Vietnam and in other parts of 

Southeast Asia with comparable solar resource and 

EV market growth [1], [8], [12]. Site-specific re-

simulation, rather than direct reuse of the numerical 

results reported here, is recommended for any new 

installation. 
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