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Why This Comparison Matters

Every power grid project faces the same decision at some point: porcelain or composite? The a

rarely simple — and it's never universal. The right material depends on your voltage class, pollu

environment, utility specification requirements, project timeline, and total cost of ownership.

This guide provides an engineering-level comparison based on real project parameters — not m

claims. Both materials have legitimate strengths. The goal is to help you specify the right insulat

your specific conditions, not to argue that one is universally "better."

We manufacture both porcelain and composite insulators through our heritage production base

established in 1958. This gives us a material-neutral perspective: we don't need to sell you one 

the other. We need to sell you the right one.

VUULCAN.
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Material Properties: What You're Actually Buying

Porcelain (Wet-Process Solid-Core)

Porcelain insulators are manufactured from a mixture of quartz, feldspar, and clay, fired at appr

1,280°C in a continuous tunnel kiln. The result is a vitrified ceramic body with the following prop

Dielectric strength: Extremely high. Porcelain has been the reference material for high-voltage 

for over 100 years. Its dielectric properties do not degrade over time — unlike organic materials

does not age.

Mechanical strength: The solid-core construction (C-130 grade porcelain) provides excellent

compressive and cantilever strength. Station post insulators up to 252 kV are manufactured as 

piece solid-core bodies weighing up to 270 kg.

Surface properties: Porcelain surfaces are hydrophilic — water spreads into a continuous film 

than beading. This means pollution deposits become conductive when wet, which is the root ca

pollution flashover.

See our full porcelain range: line post, station post, disc suspension, and pin type insulators.

View Porcelain Products →

Composite (FRP Core + HTV Silicone Rubber)

Composite insulators consist of a fiberglass-reinforced polymer (FRP) core rod that provides m

strength, covered by a high-temperature vulcanized (HTV) silicone rubber housing that provid

electrical insulation and weather protection.

Dielectric strength: The FRP core provides the primary insulation path. The silicone rubber she

housing provide the external insulation surface. Dielectric performance is comparable to porcel

new, but the silicone rubber can lose hydrophobicity over decades of UV exposure.

Mechanical strength: The FRP core rod provides excellent tensile strength (SML 70–300 kN) w

significantly less weight than porcelain. However, FRP is susceptible to brittle fracture if the sea

between the end-fitting and the core rod is compromised, allowing moisture ingress.
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Surface properties: HTV silicone rubber is hydrophobic — water beads on the surface and roll

preventing conductive pollution films from forming. This is the single biggest advantage of com

insulators in polluted environments.

See our composite range: post insulators, suspension insulators, dead-end, and cross-arm post.

View Composite Products →

Side-by-Side Comparison

The following table compares the two materials across the dimensions that matter most for proc

and engineering decisions.

DIMENSION PORCELAIN COMPOSITE

Body Material Vitrified ceramic (C-130 grade). Inorganic, non-

aging.

FRP core + HTV silicone rubber h

Organic components subject to U

Weight Heavy. A 220kV station post weighs 130–270 kg. 60% lighter than equivalent porc

220kV composite post weighs ~3

Pollution Performance Hydrophilic surface. Pollution accumulates,

becomes conductive when wet. Requires

extended creepage or periodic washing.

Hydrophobic surface. Water bea

rolls off. Superior in coastal, dese

industrial pollution zones.

Impact Resistance Brittle. Shatters on impact (gunshots, thrown

rocks, rough handling). Breakage losses during

transport are common.

Flexible. Survives gunshots, thro

and rough handling. Near-zero br

losses.

Design Life 50+ years demonstrated. No material

degradation mechanism.

25–30 years design life. Limited b

degradation and hydrophobicity l

Failure Mode Visible: cracks, chips, and shattered pieces are

easily detected during patrol.

Potentially hidden: internal trackin

core rod degradation may not be 

until catastrophic failure.
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DIMENSION PORCELAIN COMPOSITE

Standards ANSI C29.2/5/6/7/8, IEC 60383, IEC 60273, AS

2947, DIN, SA — 100+ years of standardization.

IEC 61109, IEC 61952, ANSI C29.1

years of standardization.

Voltage Range Up to 252 kV (single-piece station post). Up to

1,100 kV in disc suspension strings.

Up to 500 kV (single unit). Up to 8

in suspension strings.

Unit Cost Lower per unit for standard configurations. Higher per unit. But total installed

be lower due to reduced tower lo

faster installation.

Maintenance Periodic washing in polluted areas. Visual patrol

sufficient for defect detection.

Maintenance-free in most enviro

But hidden failure modes may req

specialized testing.

Pollution Performance: The Decisive Differentiator

In clean environments, porcelain and composite perform almost identically. The real divergence

when pollution enters the equation — and in most of the world's growing power markets (Midd

Southeast Asia, coastal Africa, industrial China), pollution is the default condition.

How Pollution Flashover Works

Pollution flashover follows a predictable chain: airborne contaminants (salt, dust, industrial part

cement dust) deposit on the insulator surface. In dry conditions, this pollution layer is non-cond

harmless. But when moisture arrives — rain, fog, dew, humidity — the pollution dissolves into a

conductive film. Leakage current begins flowing across the surface. If the leakage current is hi

enough, dry bands form, arc over, and cascade into a full flashover.

The critical variable is how the insulator surface interacts with water.

Porcelain: Hydrophilic Surface

Porcelain is hydrophilic — water wets the surface and spreads into a continuous film. This mean

pollution on the surface becomes fully conductive the moment moisture arrives. The traditional
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engineering response is to increase creepage distance — the surface path between the energ

grounded ends of the insulator.

Porcelain anti-pollution designs include:

Fog type (钟罩型): Deep under-ribs that increase creepage distance while maintaining a compa

Creepage ratios of 25–31 mm/kV. Effective in moderate pollution.

Aerodynamic type (草帽型): Streamlined shed profile that reduces pollution deposit accumulati

self-cleaning properties in windy environments.

Anti-pollution station post (ZSW series): Extended creepage up to 7,812 mm at 252 kV. Purpos

desert and coastal substations.

Key point: Porcelain can handle moderate pollution — but it requires either extended creepage (la

heavier insulators) or periodic live-line washing. In severe pollution zones (IEC 60815 Class D/E), t

required creepage increase makes porcelain insulators significantly larger, heavier, and more expe

Composite: Hydrophobic Surface

HTV silicone rubber is hydrophobic — water beads on the surface and rolls off, carrying pollutio

particles with it. Even when pollution does accumulate, the hydrophobic surface prevents the fo

a continuous conductive film. This is not just a surface coating — the silicone rubber transfers

hydrophobicity to the pollution layer itself through a process called Low Molecular Weight (LM

silicone migration.

This means composite insulators can achieve equivalent pollution performance with significant

creepage distances — resulting in smaller, lighter units.

Key point: In severe pollution environments (coastal salt-fog, desert dust, heavy industrial zones)

composite insulators offer a material advantage that porcelain cannot match without disproportion

and weight increases. This is why MENA utilities and Southeast Asian grid operators are increasin

specifying composite for new transmission lines.

Pollution Performance Summary
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POLLUTION CLASS (IEC 60815) PORCELAIN SUITABILITY COMPOSITE SUITABILITY

Class A (Very Light) ✅  Standard designs adequate ✅  Standard designs adequate

Class B (Light) ✅  Standard or slightly extended

creepage

✅  Standard designs more than

Class C (Medium) ⚠️  Anti-pollution profiles required.

Periodic washing recommended

✅  Hydrophobicity handles this

Class D (Heavy) ⚠️  Extended creepage + regular

washing schedule mandatory

✅  Preferred material. Mainten

in most cases

Class E (Very Heavy) ❌  Impractical without live-line washing

infrastructure

✅  Strong advantage. The prim

reason utilities switch to compo

Lifecycle Cost: Beyond the Unit Price

The unit price of an insulator is not its total cost. Procurement decisions based solely on per-pie

consistently underestimate the true cost of ownership — especially for projects with 30+ year d

Unit Cost

For equivalent voltage and mechanical ratings, porcelain is typically 20–40% cheaper per unit

composite. This is the number most procurement teams see first, and it's real. Porcelain raw ma

(clay, feldspar, quartz) are abundant and inexpensive. The manufacturing process, while energy

intensive, is mature and highly optimized.

Composite insulators require more expensive raw materials (ECR glass fiber, HTV silicone rubbe

more complex assembly (FRP rod pultrusion + hydraulic crimping of forged steel end-fittings).

Transport & Handling Cost

This is where porcelain's unit price advantage starts to erode:

Weight: A 220 kV porcelain station post weighs 130–270 kg. The composite equivalent weighs 

Shipping 1,000 porcelain units requires significantly more container space and weight capacity 
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composite units.

Breakage: Porcelain breaks during transport — industry-standard breakage allowance is 1–3%.

10,000-piece order, that's 100–300 units you've paid for but will never install. Composite breaka

transport is effectively zero.

Handling on site: A 270 kg station post requires a crane for every installation. A 37 kg composit

can be carried by two workers. For remote sites and difficult terrain, this difference translates d

installation labor cost.

Installation Cost

Lighter weight = faster installation = lower crane rental hours = lower labor cost. For transmissio

projects spanning hundreds of kilometers, the installation cost difference between porcelain an

composite can exceed the unit price difference.

Maintenance Cost

In clean environments, both materials require near-zero maintenance. In polluted environments:

Porcelain: Requires periodic insulator washing — either live-line washing (specialized crews +

equipment) or de-energized washing (requires outage scheduling). Washing frequency depend

pollution severity: annually for moderate pollution, quarterly for severe.

Composite: Effectively maintenance-free. The hydrophobic surface self-cleans during rain eve

washing infrastructure required.

For a utility operating in a coastal pollution zone, the cumulative washing cost over 30 years c

the initial insulator purchase cost by 2–5×.

Replacement & End-of-Life

Porcelain: 50+ year design life. Many porcelain insulators installed in the 1960s are still in servi

Replacement is driven by mechanical damage or system voltage upgrades, not material degrad

Composite: 25–30 year design life. Replacement is driven by hydrophobicity loss, UV degradat

silicone rubber housing, and (in rare cases) internal core rod degradation. A 30-year-old compo

insulator may still be electrically functional but may no longer meet its original pollution perform

specification.
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For a 50-year infrastructure project, porcelain may require zero material-driven replacements

composite may require one full replacement cycle — effectively doubling the material cost ove

project life.

Lifecycle Cost Verdict

If your project is in a clean environment with 30+ year design life, porcelain wins on total lifecyc

cost — lower unit price, no maintenance, no replacement cycle. If your project is in a polluted

environment, composite wins — higher unit price, but zero washing cost and reduced installation

usually more than compensate. There is no universal answer.

Application Scenarios: Where Each Material Wins

Rather than arguing about which material is "better," it's more useful to look at where each one 

specification-compliant, cost-effective, and risk-appropriate choice.

Distribution Lines (11–33 kV)

Porcelain line post insulators dominate this segment. Unit cost is the primary driver — distribut

networks use thousands of insulators, and the 20–40% price difference matters at scale. Pollut

manageable at these voltage levels because creepage requirements are modest (ANSI 57-1 thro

2). Weight is not a major concern because the units are small (5–10 kg).

Composite is preferred in distribution only when vandalism is a serious problem (rural areas wit

damage) or when the line runs through heavy pollution zones where porcelain would require fre

washing.

ANSI 57 series line post insulators for 15–69 kV distribution and sub-transmission.

View Line Post Specifications →
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Sub-Transmission (34.5–69 kV)

This is the transition zone where the porcelain vs. composite decision becomes genuinely clos

Insulator size increases (ANSI 57-3 to 57-6), and pollution performance becomes more critical a

voltages. Both materials are viable, and the choice often depends on the utility's existing invent

maintenance infrastructure, and specification preferences.

Transmission Lines (110–500 kV)

Composite suspension insulators have gained significant market share in this segment. The w

advantage is decisive: a composite 220 kV suspension string weighs 8–9 kg versus 30–50 kg fo

equivalent porcelain disc string. This reduces tower head load, enabling lighter tower designs o

spans. For long transmission corridors in difficult terrain, composite is increasingly the default

specification.

Porcelain disc suspension remains competitive where utilities have standardized on porcelain a

existing washing infrastructure. Toughened glass is also a strong competitor in this segment — 

self-shattering failure mode makes field inspection trivial.

Substations (35–252 kV)

Porcelain station post insulators remain the standard for most substation applications. Reason

substations require long-term dimensional stability under sustained mechanical load (bus supp

disconnect switch operation); substations are enclosed and can be equipped with washing syst

economically than line routes; and most substation equipment standards reference porcelain by

Composite station post insulators are gaining ground in substations located in severe pollution

(coastal MENA, Southeast Asian industrial areas) where the washing cost for porcelain is prohib

They are also preferred for compact substation designs where weight reduction enables simple

structural engineering.

Porcelain station post insulators up to 252 kV. Standard and anti-pollution variants.

View Station Post Specifications →

Desert & Coastal Environments
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Composite is the default recommendation for new construction in desert and coastal environm

unless the utility specification explicitly requires porcelain. The combination of airborne salt/dus

humidity creates severe pollution conditions (IEC 60815 Class D/E) where porcelain's hydrophili

is a fundamental disadvantage.

This is particularly relevant for MENA markets (Saudi Arabia, UAE, Oman, Qatar) where Vision 2

equivalent programs are driving massive grid expansion in coastal and desert zones. The renew

energy installations (solar farms, wind farms) connecting to the grid through new transmission l

overwhelmingly specifying composite.

Areas with Vandalism Risk

Composite wins definitively. Porcelain shatters on impact — a single gunshot or thrown rock c

a porcelain insulator and cause an outage. Composite insulators absorb impact energy without 

In rural electrification projects where lines pass through areas with vandalism history, composit

eliminates this failure mode entirely.

The Dual-Material Approach: Why Choose When You Don't Have To?

Many EPC projects and utility procurement programs are moving toward a dual-material specif

using porcelain and composite strategically within the same project based on application requir

A Typical Dual-Material Project

APPLICATION RECOMMENDED MATERIAL RATIONALE

Substation bus support Porcelain station post Dimensional stability, proven long-term perform

standard specification compliance

Transmission line suspension Composite suspension Weight reduction, pollution performance, vanda

resistance

Distribution line post Porcelain line post Cost-effective at scale, proven at distribution v

standard specification
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APPLICATION RECOMMENDED MATERIAL RATIONALE

Coastal substation equipment Composite station post Eliminates salt-fog washing requirement, lighte

structural load

Rural electrification line Composite or porcelain Composite if vandalism risk; porcelain if cost-d

clean environment

The Single-Source Advantage

The dual-material approach works best when both materials come from a single qualified sour

eliminates the procurement complexity of managing two separate supplier qualifications, two se

documentation, and two different delivery schedules.

Vuulcan sources both porcelain and composite insulators through our heritage production bas

— unified quality management system (DNV ISO 9001), one set of shipping documentation. Thi

you can specify porcelain for your substations and composite for your transmission lines, and r

both product families under a single purchase order with unified test reports.

Practical benefit: A single-source dual-material order reduces your procurement cycle by 2–4 we

compared to managing separate porcelain and composite suppliers. It also simplifies your incomin

process — one factory audit covers both product families.

Verdict: Decision Framework

There is no universal "better" material. The right choice depends on your project parameters. U

decision framework:

IF YOUR PRIORITY IS... CHOOSE... BECAUSE...

Lowest unit cost Porcelain 20–40% cheaper per unit for equivalent ratings

Pollution performance Composite Hydrophobic surface eliminates conductive pollution film
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IF YOUR PRIORITY IS... CHOOSE... BECAUSE...

Maximum design life Porcelain 50+ years demonstrated. No material aging mechanism

Weight reduction Composite 60% lighter. Reduces tower load, transport cost, installat

Substation standard compliance Porcelain Most substation specs reference ANSI C29.8 / IEC 60273

default

Vandal resistance Composite Survives impact. Porcelain shatters

Lowest lifecycle cost in polluted areas Composite Zero washing cost offsets higher unit price within 5–8 ye

Risk-averse specification Porcelain 100+ years of field data. Visible failure mode. Proven sta

The Bottom Line

For distribution networks in clean-to-moderate pollution environments, porcelain remains the c

effective standard — and will remain so for decades. For transmission lines and installations in s

pollution zones, composite offers a material advantage that porcelain cannot match without

disproportionate cost and complexity. For many projects, the optimal answer is both — porcelain

where it excels, composite where it's needed — sourced from a single qualified manufacturer to

simplify your procurement.

Need help deciding? Share your voltage class, pollution level, and project type — our engineers will reco

the right material within 6 hours.

Request Technical Proposal →

TECHNICAL  REFERENCE DOWNLOAD  PDF  DATASHEET
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FREQUENTLY  ASKED  QUEST IONS

Porcelain vs. Composite FAQ

Which insulator material lasts longer — porcelain or composite?

Are composite insulators better for polluted environments?

Can I use both porcelain and composite on the same project?

Why is porcelain still used when composite is lighter and more pollution-resistant?

RELATED  PRODUCTS

Explore Both Product Families
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RELATED  ART ICLES

Continue Reading
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VUULCAN.

Heritage insulator manufacturing from

Zibo, Shandong since 1958 — where over

40% of China's high-voltage porcelain

insulators are produced. Cluster-direct for

utility, EPC and distribution projects

across 6 continents.

PRODUCTS

Porcelain Insulators

Composite Insulators

All Products
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TECHNICAL CENTER

Line Post Selection

Station Post Selection

Porcelain vs Composite

COMPANY

About / Heritage

Contact & RFQ
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Privacy Policy Sitemap Main Site

2026/7/9 13:47 Porcelain vs Composite Insulators — Engineering Comparison | Vuulcan

file:///Users/mia/Downloads/ins-static/technical-center/porcelain-vs-composite-insulators/index.html 16/16

file:///technical-center/line-post-insulator-selection-guide/
file:///technical-center/
file:///technical-center/porcelain-vs-composite-insulators/
file:///about/
file:///contact/
file:///privacy-policy/
file:///privacy-policy/
file:///sitemap.xml
https://vuulcan.com/

