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WATERTECH CHINA: Shanghai Tongjie as a Top Modular
Seawater Desalination System Factory on Off-Grid Solar

Shanghai, China Sep 17, 2026 (Issuewire.com)  -  Integrating renewable photovoltaic generation with
membrane desalination allows remote coastal facilities, desert outposts, and island microgrids to secure
autonomous freshwater without grid access. Across international expos such as WATERTECH CHINA,
industrial dialogue frequently evaluates how manufacturers like Shanghai Tongjie engineer a modular
seawater desalination system to harmonize intermittent solar power with continuous reverse osmosis
separation.

For engineering teams designing off-grid coastal utilities, solar-driven seawater reverse osmosis
(SWRO) is fundamentally a power-matching challenge. Success depends on reconciling the fluctuating
daily generation curve of a photovoltaic field with the rigorous hydraulic and pressure requirements of
membrane desalination.

Why Off-Grid Solar Changes the SWRO Power-Design Brief

Standard industrial SWRO plants operate on stable utility grids where electrical frequency, voltage, and
baseload supply remain constant around the clock. Under grid-connected conditions, high-pressure
pumps run at steady RPM, maintaining laminar flow, stable trans-membrane pressure (TMP), and
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constant recovery rates across membrane pressure vessels.

Off-grid solar power fundamentally alters this operating baseline. Solar irradiance follows a diurnal bell
curve subject to sudden cloud transients, seasonal solar zenith shifts, and zero generation during night
hours. High-pressure SWRO systems cannot simply cycle on and off with passing clouds without risking
severe water hammer, membrane delamination, and rapid mineral scaling. If feedwater pressure drops
below the natural osmotic pressure of seawater (typically 25 to 30 bar for standard 35,000 ppm TDS
seawater), reverse osmosis ceases entirely, and back-diffusion can foul the membrane surface.

Designing a solar-powered modular SWRO facility therefore requires an integrated electrical and
hydraulic architecture. The engineering objective shifts from running an uninterrupted 24-hour baseline
to synchronizing process output with the available daily solar window while safeguarding the membrane
train against sudden electrical dropouts.

Match Daily Water Demand with the Electrical Load Profile

A central principle governs cost-effective off-grid water production: storing treated water in atmospheric
tanks is significantly cheaper and more reliable than storing high-voltage electricity in electrochemical
battery banks. Oversizing battery energy storage systems (BESS) to support 24/7 continuous high-
pressure pumping multiplies project CAPEX, introduces thermal management burdens in tropical or
desert climates, and creates long-term battery degradation and replacement cycles.

Instead of running a small SWRO plant 24 hours a day, the preferred engineering strategy sizes the
treatment plant to produce the entire 24-hour water quota within the peak 6 to 8 solar hours of each day.
For example, if an off-grid coastal community requires 100 cubic meters of potable water per day, rather
than installing a 4.2 m³/h unit operating around the clock, the system is designed as a 12.5 to 16.5 m³/h
modular unit operating strictly during peak daylight.

The surplus water produced during daylight hours is stored in food-grade atmospheric storage tanks,
gravity-feeding the distribution network overnight without consuming electrical power. This approach
confines heavy power consumption to peak solar generation periods, minimizing the required battery
capacity to a small buffer bank designed only for smoothing high-frequency cloud transients and
powering control electronics during shutdown.

How Containerized SWRO Connects PV, Generator, and Energy-Recovery Options

A containerized SWRO module simplifies hybrid microgrid integration by incorporating standard
electrical bus interfaces and factory-integrated power conditioning. Standard configurations couple the
solar PV field, an optional auxiliary diesel or gas generator, and the internal SWRO motor loads through
a common AC bus or a centralized DC microgrid.

Energy recovery devices (ERDs) play an indispensable role in off-grid solar desalination economics.
High-pressure reject brine exits standard SWRO vessels at 55 to 65 bar, carrying 55% to 60% of the
initial hydraulic energy supplied by the high-pressure pump. Incorporating an isobaric pressure
exchanger or hydraulic turbocharger transfers this residual energy directly to incoming feedwater,
slashing specific energy consumption from 6.5–8.0 kWh/m³ down to 2.8–3.5 kWh/m³.

In a solar-powered installation, cutting energy consumption per cubic meter by half directly reduces the
required photovoltaic array surface area, mounting racking, and inverter capacity by 40% to 50%. This
reduction in electrical footprint is often the deciding factor in making solar desalination technically and
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spatially feasible on land-constrained coastal sites or rocky islands.

Shanghai Tongjie provides integrated engineering support to align containerized SWRO packages with
site microgrid configurations. By pre-integrating variable frequency drives (VFDs), harmonic filters, and
power transfer switches within the container, the factory delivery eliminates complex field electrical
integration, ensuring smooth, synchronized power transitions between direct solar drive and auxiliary
generator backup.

Design Operating Continuity Around Variable Power and Remote O&M

Operating continuity in off-grid solar SWRO relies on multi-stage automation and intelligent control logic.
Variable frequency drives equipped with soft-start algorithms gradually ramp up pump motors over 60 to
90 seconds, eliminating the severe inrush currents (typically 5 to 7 times nominal current) that would
otherwise collapse a solar inverter bus.

When cloud cover reduces solar output below the minimum threshold required for stable high-pressure
operation, the central PLC executes an automated graceful ramp-down rather than an abrupt
emergency stop. The unit opens automated flush valves, drawing fresh permeate from an onboard tank
to thoroughly flush concentrated brine from the membrane housings. Displacing high-salinity seawater
with freshwater prevents calcium sulfate and silica scaling on membrane surfaces while the system
remains idle overnight.

Because off-grid installations are typically situated in remote, unstaffed locations, the modular system
incorporates industrial 4G/5G or satellite IoT communication gateways. The platform continuously
monitors operational telemetry:

Feedwater TDS, temperature, and inlet pressure.
Inter-stage differential pressure across pre-filtration cartridges and RO vessels.
Permeate flow rate, recovery percentage, and product water electrical conductivity.
High-pressure pump vibration, motor winding temperature, and drive status.

If sensor anomalies or gradual membrane fouling are detected, automated alerts notify regional service
managers, allowing predictive maintenance visits to be scheduled well before water production is
disrupted.

Off-Grid Modular Seawater Desalination FAQ

Integrating solar power with modular SWRO requires evaluating water demand profiles, local solar
irradiance, and reserve storage capacity.

Can an SWRO System Run Directly on Solar Without Batteries?

Direct-coupled solar SWRO is technically possible with specialized variable-flow controls, but
incorporating a modest electrical buffer or a hybrid backup generator is strongly recommended to
protect pumps from rapid cloud-induced brownouts and maintain stable membrane flux.

How Does Energy Recovery Reduce Solar Array Sizing?

Energy recovery recycles high-pressure brine energy to pressurize incoming seawater, cutting pump
motor power draw by 40% to 50%. This proportionally decreases the number of solar panels, inverter
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capacity, and cabling needed to power the system.

What Happens to the RO Membrane During Cloudy Periods?

Brief dips in irradiance are smoothed by capacitor banks, batteries, or auxiliary generator throttling.
Extended cloud cover triggers an automated, controlled shutdown accompanied by an automated
freshwater flush to prevent scale formation during idle periods.

Why Is Water Storage Preferred Over Oversized Battery Storage?

Constructing insulated or atmospheric water storage tanks incurs a fraction of the capital and
maintenance cost of electrochemical batteries, suffers zero cycling degradation, and introduces no
hazardous material disposal concerns in remote environments.

What Information Is Needed to Size a Solar-Driven SWRO Package?

Key requirements include daily freshwater consumption, raw seawater TDS and temperature range, site
latitude/longitude (solar insolation data), available land area for solar arrays, and preferred backup
power sources.

Define Water, Power, and Site Inputs Before Configuration

Configuring an off-grid solar desalination project requires balancing process hydraulics with site-specific
electrical generation assets. Treating water production, solar array sizing, and water storage as a single
thermodynamic system prevents both undersized power shortfalls and unnecessary capital
overspending.

Submit site coordinates, raw seawater analysis, daily water volume targets, and available electrical
resources to the Shanghai Tongjie engineering team to calculate project-specific load curves,
membrane array configurations, and containerized equipment specifications before procurement.
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