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What is amorphous alloy?

Amorphous alloy metals exhibit a non-crystalline 
structure when in solid state. This micro structure is very 
much like that of liquid metal or glass.

Conventional metallic materials exhibit a crystalline 
structure when in solid state.

Because of the different microstructure, amorphous alloy has excellent soft magnetic properties: low coercivity, high 
permeability, high electrical resistance. 
These properties make iron based amorphous alloy ribbon an ideal material for distribution transformer cores.



The CO2 emission per ton of 
amorphous ribbon production is 

730kg 
less than that of silicon steel

Amorphous 
ribbon 
production 
process

Silicon steel
production 
process

~10m

~1000m

Molten steel is rapidly cooled at a 
rate of 1,000,000℃/s , 
the thickness of ribbon is only
0.03mm

Advantage of Amorphous alloy: Environmentally friendly Manufacturing
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The carbon footprint of silicon steel is about 3.8kg CO2/kg,
which is much higher than the carbon footprint data of
amorphous ribbon.

CERTIFICATE OF PRODUCT CARBON FOOTPRINT

Shows that Amorphous alloy’s:



Advantage of Amorphous alloy: Environmentally friendly Manufacturing

⑤ Packaging
Pack the cleand amorphous 

ribbon

④ Flush and dry
Clean and dry the 

amorphous material

② Crush
Use machine to grind the 

scrap cores

⑥ As amorphous raw material, 
remelting in the furnace

Remelting in furnace, making full use of 
production of amorphous ribbon again

③ Magnetic 

separation
Separate useless 

substances (epoxy) from 
amorphous bands

① Recycling 
scrap cores



The uses of Amorphous alloy

Amorphous evans core Amorphous wound core Amorphous 3D core

Amorphous alloy is usually called metal glass 
or liquid metal, which is a new type of high-
efficiency soft magnetic material.

Amorphous core is the product of amorphous alloy and the core component of amorphous transformer. Compared with GOES 
(grain-oriented silicon steel) core transformers, its no-load loss can be reduced by 60%-80%.



The development history of transformer core material
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content
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Cold rolling steel 
with  high silicon 
content

Since the 1990s, there has been 
no breakthrough since the 
technology of cold-rolled grain-
oriented silicon steel (CRGO). 
the potential of traditional 
transformer core materials in 
terms of losses is close to its limit.



Comparison of various properties between Amorphous alloy and CRGO

Magnetic 
properties

CRGO23RK075
Amorphous 

alloy 

Saturation 
magnetic density 
Bs（T）

1.9 1.63

Coercivity Hc（A/m） <30 <4.0

The maximum 
permeability μ

4×104 25×104

Iron loss (W/kg)
P<0.75 W/kg
@50Hz,1.4T

P<0.16W/kg 
@50Hz,1.4T

Magneto metric 
stretch coefficient

2*10-6 27*10-6

Mechanical 
properties CRGO23RK075 Amorphous alloy 

Lamination factor 0.95 0.88

Resistivity（μΩ⋅ cm） 45 130

density（g/cm3） 7.65 7.27-7.30
Curie temperature
（℃） 746 415

tensile strength
（Mpa） 343 1645~1767

thickness（μm） 50-500 20-30
Vickers hardness（Hv） 181 984-1000



Basic principle of energy loss in transformer

The most important components of a transformer are the core and coils. 

Transformer losses represent energy losses during voltage conversion. the 

loss of transformer is mainly composed of two parts: no-load loss and load 

loss.

The no-load loss is determined by the core construction. 

The load loss is determined by the coil construction.

At present, the core of the distribution transformer is usually made of 

CRGO (cold-rolled grain-oriented silicon steel). Compared to this material, 

amorphous has much lower no-load losses.

Schematic diagram of the transformer principle



How to calculate actual losses in transformers?

The no-load losses in a transformer refer to the losses produced by 
the transformer when no one is drawing energy from the transformer. 
The load losses in the transformer are the additional losses generated 
when the transformer is fully loaded (maximum output power).

The total losses in transformer= no-load loss + load loss * the square 
of the load rate.

The total losses generated by the transformer during operation are 
closely related to the load rate. 
Next, we will discuss the load rate of distribution transformers.



Why is it important to reduce no-load losses?

In the residential power distribution process, the peak 
load and valley load of the transformer are quite different. 
Especially with the popularization of electric vehicles, the 
load rate of residential distribution transformers usually 
reaches close to 80% from 18:00 to 22:00 and will be lower 
during other time periods.

In the office building power distribution process, the 
load rate is higher (close to 50%) on working time (8:00AM 
to 6:00PM), but lower in other time. On weekends or 
holidays, it would be lower than 30% for the whole day.



Why is it important to reduce no-load losses?

In solar power stations, transformers will only have an 
effective load during the day (6:00 to 18:00), and the load 
rate will reach the peak at 12:00 noon, usually 75%-80%. If 
the different seasons and weather are taken into 
consideration, the average load rate is even lower.

In the field of rail transit, the load rate of the transformers 
will be below 50%. Compared with other occasions, the 
change is not drastic. This is because rail transit usually 
requires higher equipment reliability and will install extra 
transformers as redundancy.



Advantage of Amorphous alloy: Economical benefit

Material CRGO (23RK075) Amorphous AYFA-N

Average FOB price in the first 
quarter of 2024 (EUR/kg) 4.5 2.6

The price of CRGO will rise in the short term this year and remain stable. According to predictions, the market 

price will be around 4.5 EUR/kg.

Amorphous alloy prices have been in a stable range last year and will not change much this year 

too.



Advantage of Amorphous alloy: Economical benefit
The manufacturing cost of amorphous transformers is higher than that of silicon steel transformers. But the 
electrical energy saved during its operation far exceeds its excess manufacturing cost. Calculated using average 
electricity prices in Europe (0.32 EUR/kWh), Life span of transformer is assumed 30 years:

Transformer type CRGO Amorphous alloy

Capacity 100 kVA 100 kVA

No-load losses 130 W 50 W

Load losses 1750 W 1750 W

Total losses (40% load rate) 410 W 330 W

Saved power (yearly) 691.2 kWh

Saved electricity price (yearly) 221.18 EUR

Saved electricity price (life span) 6635.4 EUR

Under the same load loss, the manufacturing cost of a 100kVA amorphous transformer is usually no more than 
15% (about €400) higher than that of a silicon steel transformer.
Recycling cycle: 2-5 years (depends on electricity price)



Advantage of Amorphous alloy: Economical benefit



When silicon steel price increases, the 
market which does not have 
amorphous core as a complementary 
commodity in the country (Pakistan) 
will face a more substantial price 
increase, for transformer 
manufacturers and power utilities, the 
supply chain system will be facing a 
greater impact.

Advantage of Amorphous alloy: Economical benefit



Clarification and the future of amorphous alloy

FactMisconception

Amorphous transformers have lager size, and 
the cost of amorphous transformers are 
higher.

The cost and volume of amorphous transformers versus 
CRGO transformers depends on the designing energy 
conversion efficiency.

It has been proven that amorphous transformers have a cost advantage when energy efficiency requirements 
are higher. Compared with the low-magnetic density design of the CRGO transformer, its size and weight are 
almost the same.

The design magnetic density of amorphous transformers is usually 1.4T, and the design magnetic density of CRGO transformers is usually 1.7T. A higher design 
magnetic density will increase the no-load loss, so when energy efficiency requirements are high, CRGO transformers need to increase the design magnetic density. 
reduced to meet energy efficiency requirements.
Lower design magnetic density will increase the size of the transformer. Therefore, when the design magnetic density is reduced, the difference in volume between 
CRGO transformers and amorphous transformers will be reduced.



Clarification and the future of amorphous alloy

FactMisconception

When repairing amorphous transformers, the core is usually replaced rather than reused. The core of 
amorphous transformers can be directly recycled as raw material for amorphous ribbon, but CRGO can not.

According to existing analysis reports, amorphous transformers still have good performance after 15 years of 
operation. There is no evidence that amorphous transformers will fail simply because of the amorphous 
material.

Amorphous transformers cannot be repaired, 
and as operating time increases, the 
transformers become unstable.

Amorphous transformers can be repaired. Well-
designed amorphous transformers have good stability 
and life cycle.



Clarification and the future of amorphous alloy

It can be seen from the data that the no-load loss value of 
amorphous transformers will not increase by more than 5% 
after long-term actual operation.

Amorphous transformer core replacement



Clarification and the future of amorphous alloy
FactMisconception

Amorphous transformers exceeding 1MVA are very 
common, and amorphous transformers can reach 
capacities exceeding 5MVA.

Amorphous materials are only suitable 
for small capacity transformers

3300 kVA traction rectifier amorphous transformer5500 kVA wind power step-up amorphous transformer



Clarification and the future of amorphous alloy



The answer to the global carbon neutralization trend in USA
4th April. 2024, DOE (Department of energy, America) finalized

new energy-efficiency standards for three categories of

distribution transformers to improve the resiliency of

America’s power grid, lower utility bills, and significantly

reduce domestic carbon-dioxide (CO2) emissions. The new

law will be officially implemented in 2029.

New energy efficiency standards for three categories of

distribution transformers to improve the resiliency of

America’s power grid, lower utility bills, and significantly

reduce domestic carbon-dioxide (CO2) emissions.

U.S.: Amorphous Transformer adoption will increase from

Less than 5% to at least 25% before 2029.

Source: DOE Finalizes Energy Efficiency Standards for Distribution Transformers That Protect Domestic Supply 
Chains and Jobs, Strengthen Grid Reliability, and Deliver Billions in Energy Savings | Department of Energy

https://www.energy.gov/articles/doe-finalizes-energy-efficiency-standards-distribution-transformers-protect-domestic
https://www.energy.gov/articles/doe-finalizes-energy-efficiency-standards-distribution-transformers-protect-domestic


The answer to the global carbon neutralization trend in China
On December 22nd, 2020, MIIT, The State Administration for Market 

Regulation and the NEA jointly issued the “Transformer Energy 

Efficiency Improvement Plan (2021-2023)”, which calls for 

increasing the promotion of high-efficiency and energy-saving 

transformers. From June 2021, new transformers must meet the 

requirements of national energy efficiency standards, and the use 

of energy-efficient transformers is encouraged.

Time being: 

China state grid: Amorphous oil-immersed distribution transformer 

accounts for 58% tender volume;

China Southern power grid: Amorphous oil-immersed distribution 

transformer accounts for 53% tender volume.
Source: https://openstd.samr.gov.cn/

SST AMTSST SSTAMT AMT

Level 1                                     Level 2                               Level 3



The answer to the global carbon neutralization trend in Europe

Energy Efficient Distribution Transformer 

Policies set out by the MEPs for three-

phase, liquid-filled and dry-type, medium 

powel transformers in Europe (EC, 2014). 

The first set of requirements took effect 

on 1 July 2015 and the second (more 

stringent) tier 2 took effect on 1 July 

2021. 

When will Tier 3 come?



3 MAJOR PRODUCT LINES

Our company:
Qingdao Yunlu Advanced Material Technology Co., Ltd

The company's three major products are the 
latest soft magnetic materials known to mankind in the past 40 years



The world’s foremost leader in Amorphous industry
The world’s largest amorphous material producer

Amorphous Ribbon: 130,000 Ton/Year  

Global market share: 60%
China domestic market share: 70%

Amorphous core: 30,000 Ton/Year
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