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Sincerely hope all of you and your families would be health and happiness.

Amid the unprecedented prolonged COVID-19, I think that each company is struggling in a difficult business environment such as energy tran-

sition according to carbon neutrality, global supply chain vulnerabilities, soaring raw material prices, and soaring sea freight rates. In order to 

support the energy transition in accordance with carbon neutrality by 2050, the upgrade of power grid must be preceded. Therefore, Hyosung 

Heavy Industries' Mid and Long-term strategy is to become a partner that supports optimal solutions for the power grid that meet the needs of 

each country. Hyosung Heavy Industries is focusing on developing eco-friendly solution technology for all products produced. We have led the 

development of systems such as switchgear that do not use greenhouse gases, eco-friendly insulating oil transformers, power equipment and 

energy storage systems (ESS) that increase the flexibility of power grid, and static synchronous compensators (STATCOM) that increase stability. In 

addition, transmission and distribution DC solutions ranging from high voltage (HV) to low voltage (LV) are a necessary technology in the future, 

and the vast amount of information in substations must be transformed into digital substations using optical fibers. Hyosung Heavy Industries 

will focus on satisfying customer needs by launching digital solutions and asset management solutions that increase resource efficiency beyond 

the development of eco-friendly products.

Before ESG became a hot topic, Hyosung Heavy Industries has been striving to fulfill its corporate environmental and social responsibilities, and 

since 2012, Hyosung group has published a sustainability report every year to disclose related activities. Since 2020, we have been spurring ESG 

management by expanding the existing EHS Committee, headed by the CEO, to the ESG Management Promotion Committee, further enhancing 

management's will for ESG management and reorganizing its dedicated organization. Hyosung Heavy Industries' eco-friendly business reflects 

ESG management will, and we will continue to make various efforts by providing various education related to ESG to executives and employees 

and actively supporting our partners to manage ESG.

Since its establishment, Hyosung has aimed to improve the social, environmental and economic value of customers and contribute to improving 

the quality of life. The paradigm shift in the power energy industry required by society is the needs for reform of the composition of power grids, 

such as eco-friendly products, realization of AC+DC system diversity, and suitability for system stabilization and operation advancement. Hyosung 

Heavy Industries will pursue business with the goal of fully understanding and realizing the voices of customers. Thank you so much.

Greetings from the CEO

Hyosung Heavy Industries Corporation

President TAKESHI YOKOTA 
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The paradigm shift in the power energy industry required by society is 

the needs for reform of the composition of power grids, such as 

eco-friendly products, realization of AC+DC system diversity, 

and suitability for system stabilization and operation advancement. 

Hyosung Heavy Industries will focus on satisfying customer needs by 

launching digital solutions and asset management solutions that 

increase resource efficiency beyond the development of 

eco-friendly products.
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Environmental, Social and Governance (ESG) refers to the three key areas necessary to measure the 
sustainability and ethical impact to give an impression, how sustainable and responsible our company 
is. Hyosung Heavy Industries is committed to gathering and disclosing this information to ensure our 
stakeholders’ trust
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ESG, The Barometer of 
Corporate Sustainability
Trust through transparency

ESG (Environment, Social, Governance) and 
Sustainability Report
Following the demand and expectation of various stakeholders, 
Hyosung Heavy Industries strives to develop into a sustainable 
company that fulfills economic, social and environmental 
responsibilities. As part of these efforts, we have established a 
systematic sustainability management operating system and 
created new values based on various opinions of stakeholders 
such as customers, employees and the supply chain, as well as 
global sustainability initiatives. In addition, we also derive focus 
issues on the economy, society and environment and disclose our 
activities and performance in our sustainability reports.

1. ESG Activities and ESG Committee
Hyosung Heavy Industries will faithfully fulfill its economic, social, 
and environmental responsibilities so that business and civil 
society can closely cooperate to solve social issues and enhance 
human sustainability. 

01) Green Management

Hyosung Heavy Industries manages GHG (Green House Gas) 
emissions on the basis of the ‘Green Management Vision 2030‘ 
environmental management policy, aiming to expand business 
opportunities in eco-friendly markets and develop eco-friendly 
products.

02)  Partnership Management

Hyosung Heavy Industries builds and operates a sustainable 
supply chain management. We have established a green 
purchasing policy that contributes to saving resources and 
minimizes environmental impact. In addition, we support energy-
saving projects of our supply chain and conduct ESG assessment 
of supply chain in order to prevent supply risks.

03) Responsible management 

To ensure greater transparency in its business management, 
Hyosung Heavy Industries has adopted the ‘Code of Ethics‘ 
so that all employees can refer to it as a set of guidelines for 
making decisions in a proper and ethical manner. We have also 
reorganized the governance structure to be shareholder-friendly. 
Related disclosures and information are transparently disclosed 
in order to be trusted internally and externally and increase 
management transparency and efficiency.

04) ESG Management Promotion Committee

The ESG Management Promotion Committee is the final decision-
making body related to ESG management. The CEO is chair, 
other C-level people (CSO, CFO, CHRO and related executives 
from related departments) are the member of this committee. 
This Committee meets more than twice a year and manages ESG 
strategies, risks, plans and performances in each department.

Becoming an eco-friendly company enhancing and enriching the quality of life for humanity

Emissions
Reduction by 14.5%

Market discovery and 
business expansion 

through green technology 
development

Creating a green corporate 
culture by establishing 

eco-friendly infrastructure
 in Hyosung

Building stakeholders’ 
trust based on transparent 

information disclosure

VISION 2030

Strategy
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2. ESG External Rating
Hyosung Heavy Industries actively participates in international 
initiatives to strengthen its sustainability management 
capabilities and has published a sustainability report every year 
since 2018 to transparently disclosure the results of our efforts to 
strengthen sustainability management to stakeholders.

Climate Change Response and Realization of an 
Eco-friendly Workplace

1. Strategy for responding to climate change
Hyosung Heavy Industries has developed and implemented 
a ‘Green Management Vision 2030’ to “Becoming an eco-
friendly company enhancing and enriching the quality of lie 
for humanity”. Consistent with this, we are reducing the impact 
of climate change by developing  technologies to reduce 
greenhouse gases and expanding various renewable energy-
related projects.

2. GHG (Green House Gas) Management and 
     Reduction Plan
In 2021, Hyosung Heavy Industries set emission targets 
equivalent to NDC (Nationally Determined Contribution), and 
set a 14.5% reduction by 2030 compared to the total emissions 
of 2018 as the emission reduction target for all domestic sites. 
Hyosung Heavy Industries is a company subject to the Korea’s 
GHG Emission Trading Scheme(K-ETS), calculates its annual 
emissions and submits them after third party verification. We 
operate a Carbon Asset Management System for domestic sites.

3. Realization Eco-friendly Workplace
01) Water Treatment Status

The water quality test takes place every day to constantly monitor the 
concentration of water pollutants. By replacing filter materials timely 
in the treatment plant in a timely manner, we release the wastewater 
with its concentration within 70% of the legal acceptance criteria.

02) Air Pollutant Emissions

Hyosung Heavy Industries’ Changwon Plant has established and 
managed strict internal emission standards that are 60% of the 
legal limits for air pollutant emission standards. We set a reasonable 
replacement cycle of activated carbon and bag filters compared to 
production volume and replace them in a timely manner. 

03) Waste Treatment Status

For systematic waste management, we conduct regular waste 
sorting training courses for the employees. We actively recycle 
waste. Regarding waste oil and paint, we have introduced real-
name waste disposal system so that the amount of waste disposal 
can be monitored and managed, resulting in a reduction in waste 
disposal. Waste is managed taking into account the storage limit 
and storage duration.

GIS Substatiom

Total 7 Grades (S/A+/A/B+/B/C/D)

Total 7 Grades (AA/A/BB/B/C/D/E)

Total 8 Grades - Leadership(A, A-), Management(B,B-), 
Awareness(C, C-), Disclosure(D, D-)

Management B

External ESG Rating

Catergory 2018 2019 2020

Direct GHGs 
emissions
(Scope 1)

Fixed combustion 7,317 6,346 7,599

Mobile combustion 1,059 910 815

Process emissions 1,247 963 1,107

Waste disposal 19 66 38

Subtotal 9,641 8,285 9,558

Indirect GHGs 
emissions
(Scope 2)

Electricity 48,115 43,324 47,794

Steam - - 114

Subtotal 48,115 43,324 47,908

GHGs emissions intensity 0.030 0.030 0.023

Catergory 2019 2020 2021

General air 
pollutants 

Nitrogen Oxides (NOx) 1.2 1.1 1.3

Sulfur Oxides (SOx) - - - 

Particulate Matter (PM) 10.0 8.9 5.7

Ozone 
depleting 

substances 

CFC(R-11) - - - 

HCFC(R-123) - - - 

HCFC(R-22) - - - 

Catergory 2019 2020 2021

Wastewater discharge amount 8,141.40 8,872.80 8,880.10

Biological Oxygen Demand (BOD) 0.48 0.02 0.05

Chemical Oxygen Demand (COD) 0.50 0.11 0.27

Suspended Solids (SS) 0.05 0.03 0.01

Total Nitrogen (T-N) 1.78 0.22 0.05

Total Phosphorus (T-P) 0.15 0.03 0.02

[Unit : ton CO2]

[Unit : ton]

[Unit : ton]
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Min-soo Yoo
Manager

Business Management Team &
ESG Management Team

04) Hazardous Chemicals Management Status

We control all chemical substances used in the production 
processes through ERP-based system. The system reviews all 
purchased materials to determine if they contain chemical 
substances. Purchasing is only possible when the chemical 
personnel approves the order after reviewing the documents 
which are provided by the suppliers and matched with the 
authorized substances stored in the database of each business site.

Low Carbon and Eco-friendly Products
Hyosung Heavy Industries develops key technologies required 
for building future power grids, including power generation of 
new and renewable energy, high efficiency transmission, energy 
storage systems, and circuit breaker and transformers. Hyosung 
Heavy Industries’ heavy electric technology, which has been 
preparing one step ahead of the low-carbon green life era, will 
lead the green growth lifestyle. 

Hyosung Heavy Industries’ Hydrogen Economy
As the hydrogen economy has globally become an important axis 
in the Green New Deal, Hyosung Group has continued the key 
value chain of the hydrogen economy from production storage, 
transportation, supply and utilization through the synergy created 
jointly by 4 Hyosung companies. (Hyosung TNC, Hyosung Chemical, 
Hyosung Advanced Materials, Hyosung Heavy Industries)

Eco-
Friendly

GIS

Eco-
Friendly

TR

HVDC
Transmission

Wind & 
Solar Farm

Energy 
Storage 
System

Catergory 2019 2020 2021

Industrial waste 
(general) 

Recycling 4,115.30 4,177.50 5,036.70

Incineration 1,027.50 1,229.00 147.80

Landfill 124.50 370.00 278.20

Subtotal 5,267.30 5,776.50 5,462.70

Industrial waste 
(designated) 

Recycling 291.00 288.30 279.20

Incineration 108.20 177.00 132.00

Landfill - 0.80 5.40

Subtotal 399.20 466.10 416.60

Total waste 5,666.50 6,242.60 5,879.30

Waste recycling amount 4,406.30 4,465.80 5,315.90

Waste recycling rate 77.80% 71.30% 90.40%

Hyosung Group’s 
Hydrogen Economy Value Chain

Supply

Storage  & Transport

Production 

Market Share No.1 in Hydrogen 
Charging Stations in Korea
(Hyosung Heavy Industries)
Among 43 hydrogen charging stations 
nationwide, Hyosung Heavy Industries supplied 
13 stations which account for 30% of total. 

High-pressure Container for 
Hydrogen Fuel
(Hyosung Advanced Materials)
High-pressure containers with carbon fiber are 
suitable for hydrogen storage containers due to 
their higher strength than existing materials. 

Establishment of Worlds Largest 
Liquid Hydrogen Plant in 2022 
(Hyosung Heavy Industries)
We are planning to build a liquid hydrogen 
plant able to produce 13,000tons on the 
30,000㎡ site at Yongyeon plant in Ulsan.

Production of byproduct hydrogen 
(Hyosung Chemical)
We are equipped with PDH(Propane De-
Hydrogenation) facilities capable of producing 
byproduct hydrogen. 12,000 tons of byproduct 
hydrogen is produced and sold annually. 

Hydrogen filling station at the National Assembly

High-pressure tank applying Carbon fiber

Yong-yeon Plant

Yongyeon PDH Plant

[Unit : ton]

Catergory 2019 2020 2021

Hazardous substances usage amount 151.1 127.2 34.0

[Unit : ton]
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2. Equipment subject to carbon footprint 
     calculation and applied standards  

01) Equipment subject to calculation

The calculation was conducted, targeting Ester 133MVA eco-friendly 
insulating oil (synthetic oil) transformer and 132kV 40kA GIS 1 Bay. 
The carbon footprint was calculated based on the international 
standard for evaluating global warming, which is the most important 
factor among environmental impact categories. 

02) Applied standards

To calculate the carbon footprint of the products, international 
standards ISO 14067 and PAS 2050, which are widely used 
globally, were selected. For the details that are not specified in 
the guidelines, the ‘Common Guidelines of the Environmental 
Product Declaration in the Korea Environmental Industry & 
Technology Institute’ were applied.  
For the carbon emission factor, the Korea Life-Cycle Inventory (LCI) 
database was primarily applied, and if the national LCI database is 
not available, Eco-Invent, which is an overseas LCI database, was 
applied.

1. What are life-cycle assessment (LCA) & 
     carbon footprint?
The life-cycle assessment (LCA) refers to a technique to assess the 
environmental impact that evaluates the overall potential effects 
on the environment after quantifying the usage and emission 
of substances and energy in the life cycle of products or systems 
such as raw material extraction, manufacturing, distribution, use 
and disposal/recycling.

A carbon footprint is international standard (ISO 14067), in which 
greenhouse gas emissions throughout the product life cycle is 
converted into CO2 emission. 

[Fig. 1] System Boundary of the Product

Nowadays, the world is facing the task of the prevailing times called the achievement of carbon neutrality. Hyosung Heavy 
Industries is a key company in the power industry, and has established and implemented our 2030 Green Management 
Strategy System to proactively perform our mission. 
Along with this, Hyosung Heavy Industries has conducted our assessment of the carbon footprint of Power Transformer and 
Gas Insulated Switchgear (GIS) in the whole life cycle to assess and manage the carbon footprint of major products at the end 
of 2021. As a result, Hyosung Heavy Industries has quantitatively evaluated the environmental effects of the production process 
and provided a basis to find a way for the improvement of product eco-friendliness.

[Fig. 2] 132kV 133MVA           
Eco-friendly insulating oil transformer

[Fig. 3] 132kV 40kA GIS

Raw material 
extraction Manufacturing Distribution Use Disposal /

Recycling

Carbon footprint of Power 
Transformers and the GISs
A quantitative step forward for the environment
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3. Process to calculate carbon footprint

01) Raw material extraction

It is a stage that includes a production process of raw materials 
and packing materials of products. 
The total weight of the raw and packing materials of Power 
Transformer was around 210 tons, and the largest emissions were 
from insulating oil, followed by iron core and enclosure among 
the parts of the transformer. For the packing materials, the largest 
emissions were from nails for fixing wood plywood followed by 
transparent vinyl for product packaging. 

For the GIS, we considered standard 1 Bay layout of 132kV 40kA 
GIS (CB 1 EA, DS 3 EA, ES 2 EA, CT 1 EA, CSE 1 EA, and VT 1EA) 
in the calculation. The total weight of the raw and packing 
materials used in the GIS was around 6.5 tons. The largest carbon 
emissions were the SF6 gas followed by mechanism box and 
activated carbon. For the packing materials, nails and transparent 
vinyl were the highest emissions, which were similar to the 
transformer. SF6 greenhouse gas accounted for less than 4% of 
input weight, but its carbon emission accounted for more than 
50% of the total carbon emissions in the pre-production stage. 
Thus, management of SF6 gas amount has accounted for the 
main reductions. 

02) Manufacturing

It includes the process of assembly, test, and packing after 
inputting the raw materials, parts and packing materials. In this 
stage, energy usage (electricity, LNG, steam) inputted in the 
production process of the transformer, and GIS factory water 
usage, and auxiliary substances (acetylene, carbon dioxide, 
coagulant, etc.) are all considered. Additionally, waste in the 
factory and waste water, which are by-products of the process, as 
well as the treatment method are all included. 

03) Distribution

For the transportation for product logistics, weight and packing 
of the product was considered to transport the product to the 
destination place of the relative nation. The target products 
are sold and delivered to Oman (transformer) and Saudi Arabia 
(GIS). Thus, the transportation distance and means to the final 
installation sites were all considered. 

04) Use

The carbon emission in the usage stage was calculated assuming a 
product life of 40 years, an operating load of 50%, and design loss 
values (transformer loss information : Load loss 378kW, No load loss 
67kW, auxiliary loss 19kW) in the case of a transformer. 
For GIS, it was calculated assuming a product life of 40 years 
and the power loss value and gas leakage rate (0.1% per year) 
occurring during the usage stage. 

05) Disposal/Recycling

The landfill, incineration, and recycling rates for each material 
in the disposal stage after the end of product life cycle were 
calculated based on the waste statistical data presented by the 
Korean Environmental Product Declaration System. 

4. Results of carbon footprint calculation 
     and implications

The calculation results of carbon footprint for each stage of the 
product are as follows : 

01) Transformer

- The carbon emissions in the use stage were absolutely high 
compared to that of other stages. Thus, reducing power loss 
during operation is the key. Hyosung actively expands the 
technical application of low-loss and high-efficiency.
- Insulating oil used in the product is eco-friendly synthetic ester 
oil (featuring biodegradability and high ignition point), and it 
has a higher carbon emission than that of mineral oil. However, it 
has the effect of reducing emissions because its installation area 
is smaller (reduced distance between transformers, firefighting 
facilities are not necessary, etc.) in terms of the overall substation 
viewpoint. 

02) Gas Insulated Switchgear (GIS)

- Sulfur Hexafluoride (SF6) gas accounts for the absolutely largest 
effect (55% in the Raw material stage, 83% in Use stage) in GIS. 
Hyosung possesses the design technology that can minimize the gas 
volume and leakage rate. In addition, we developed a GIS that use 
alternative gas without using SF6 gas and it is under trial operation. 
We are committed to developing technologies to increase such eco-
friendly GIS products in the future. 

Carbon Footprint per f.u (kg CO2e/1EA)

Raw Material Manufacturing Distribution Use Disposal
/Recycling Total

5.E+05 7.E+04 2.E+04 4.E+07 6.E+03 4.E+07
1.33% 0.16% 0.05% 98.44% 0.01% 100%

Carbon Footprint per f.u (kg CO2e/1EA) 

Raw Material Manufacturing Distribution Use Disposal
/Recycling Total

6.E+04 4.E+03 7.E+02 2.E+05 8.E+01 3.E+05
23.04% 1.64% 0.26% 75.04% 0.03% 100%

Hyosung Heavy Industries will calculate and manage 
the carbon emissions of our products after we develop 
our own systems based on ISO standards in the future. 
Based on this, we will improve the eco-friendliness of 
the products and continue to develop technologies. 
Hyosung Heavy Industries will not only lead the 
eco-friendly products but also transform as an eco-
friendly corporation that through our assessment and 
management of carbon emissions leads the way to 
better living for mankind.

Soo-kyung Park
Manager 

Planning and Management Team



weather or accidents as power  electronics-based solar and 
wind power generation expand in the power grid. The U.K. has 
established a support measure that can give an incentive for 
the quick response speed and control performance of ESS by 
improving the grid code to expand the ESS market. However, the 
ESS industry then was in its infancy, and its scale and applications 
were limited. Thus, the market was saturated and customer 
profitability declined, resulting in temporary stagnation.
After a lot of trial and error, the NGESO in the U.K. has announced 
the ‘Markets Roadmap to 2025’, which is a power grid innovation 
roadmap to overcome the ever-increasing decline in the 
acceptability of renewable energy, and thereby accelerated the 
expansion of the ESS market.
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UK's 'future 100% renewable power grid' compass
The U.K. has realized an outstanding performance in global 
carbon neutrality policy. In 2018, it has already achieved its target 
of producing 30% of electricity from renewable sources by 2020.  
The shift to green energy, inevitably leads to a paradigm shift 
in the electricity grid which transmits the green energy. This 
is because, in order to go from a large centralized generation 
system to a decentralized system consisted of renewable energy 
sources, a new and reliable transmission system is required.
The National Grid Electricity System Operator (NGESO) in the 
U.K. has studied building the future power grid through a 
working group since the mid-2010s. The NGESO has come to the 
conclusion that the expansion of ESS to compensate for irregular 
new and renewable power generation is essential to solve 
the issue of lower stability in frequency and voltage, since the 
existing thermal-power generators are closed and system inertia 
is reduced.

Endless evolution of ESS as a breakthrough of the 
British power grid challenge
The frequency response ESS market that uses ESS quick response 
has blossomed in the U.K. since the mid-2010s. The problem of 
weak power grid operation will be aggravated due to abnormal 

The U.K. has declared its carbon neutrality goal for the first time in 2019 and has led the global agenda. The U.K. is actively 
propelling the great energy transformation into new and renewable energy. The power industry in the U.K. is creating various 
Energy Storage System (ESS) support policies and applications, and expanding the market to solve the intermittency problem 
of new and renewable energy in order to improve the power-grid stability. Hyosung Heavy Industries has successfully entered 
the U.K. market by having built an ESS-centered organization in the U.K. after forecasting the global trends. It is also steadily 
driving the solution development that can solve customer complaints in the U.K. and maximize customer satisfaction by 
closely paying attention to the voice of customers.

[Fig. 1] UK NGESO ESS expansion prospect

Hyosung Heavy Industries, 
The Trend Setter of the ESS 
Market in the U.K.
U.K.’s ESS market trend and Hyosung’s achievements



Hyosung Heavy Industries, well-positioned for the 
second ESS wave in the U.K.
The UK has completely reorganized the market for frequency 
control into dynamic containment (DC) to improve frequency 
reliability, which was the major pending issue, thus expanding 
the size of the participating market for ESS, and also improved the 
profitability by giving an incentive for rapid accident prevention. 
The U.K. is planning to open various auxiliary service markets 
such as the ESS market for grid inertia to solve the isolated island 
grid issue through the roadmap. 
The U.K. is also spurring the second wave based on an evolution 
of the ESS market into the merchant business model to ensure 
profitability through market bidding rather than on a contract or 
government support basis in terms of our profit model. During 
this wave of change, Hyosung Heavy Industries has predicted 
issues in the U.K. electric power sector in advance and established 
a dedicated ESS organization to successfully enter the market. 

First supply of the utility scale system in the U.K.
In the first phase of the project, it will be connected to the 
national grid and play a frequency adjustment role, and in the 
second phase of the project, it will be connected to the private 
network, then used for personal profit business, and be built into 
a super hub for charging electric vehicles. 
The system specifications are as follows: 

In this project, as a system integrator of the energy storage 
system, we integrated and supplied equipment such as batteries 
and inverters, the Power Plant Controller (PPC) for stable 
operations and control of systems, and the Supervisory Control 
And Data Acquisition (SCADA) system necessary for monitoring 
and data storage. In addition, we reviewed and applied electrical 
and fire safety systems that comply with local regulations in 
the U.K., and supplied the onsite power control system and 
protection cooperation system with higher power supply devices 
required for grid forming mode. 
We also proposed and verified the procedure analysis for 
equipment commissioning and prior verification measures to 
satisfy the performance. Furthermore, we led and conducted the 
product performance tests.
In addition, we guided participating companies on the grid 

requirements in relation to analysis and test methods within the 
projects by analyzing the national grid code, and established 
verification measures of final performance indexes based on the 
system and troubleshooting plans. We also ensured the project 
progress rate with a rapid response to technical issues generated 
while performing in the site. 
The company also won the bidding on the O&M project required 
during the operation period, which warrants being in charge 
of analysis and after-sales service to the failures through the 
EMS during the commercial operation period. The company is 
planning to expand the failure analysis and service tasks in the U.K. 
market by providing periodical maintenance.

The ESS market in the U.K. is focused on system 
reliability solutions representing frequency 
adjustment by geographical and operational 
characteristics, and thus, a one-hour system is applied 
instead of a general two- or three-hour system, 
while a system with fast response characteristics is 
required accordingly. Additionally, its power market 
is fully mature, so that it can be operated without any 
subsidies. Hyosung Heavy Industries is finalizing our 
project without any issue as we respond to issues 
quickly based on accumulated technical competency 
although we did have some situations where the 
power market rules and grid code in the U.K. were 
revised during the utility-grade ESS installation and 
test. The U.K.’s ESS market is expected to significantly 
grow in the European market with Hyosung actively 
making inroads and growing successfully based on 
accumulated technical know-how well into the future. 

[Fig. 3] Complete view of the Nursling project system

[Fig. 2] New FR service (dynamic containment, etc.) in the UK

- 50MW/52MWh ESS (NMC LIB, Outdoor PCS)
- DC/FFR Market & Grid Forming
- Resiliency for EV Charging Infra

Hyosung Heavy Industries, The Trend Setter of the ESS Market in the U.K. | 11

Dae-hee Choi
General Manager 

System Solution Engineering Team



How Next-generation 
Digital Substations 
benefit you
HYOSUNG DX Solution : Full Digital Substation (LPIT, MU and AM)

Overview and trends of digital substation  

 Hyosung Heavy Industries provides digital power facility solutions following the Industry 4.0 and DX (Digital Transformation) trends. 
A digital substation means a substation that has built a communication network and system per IEC 61850 out of existing 
copper wire systems to connect devices in the substation. This has advantages for ① reduction in facility size and cables, 
② optimization of asset operation through real-time status monitoring, diagnosis, and controls and ③ easy installation 
and engineering. 
The recent trend of substation digitalization is ① digitization of Process-Bus Level device (CT/PT) signals, ② multi-
functionalization and integration of IEDs, ③ optimization of power asset management through A.I-based data analysis, 
and is accelerating on pace with the focus for more environmental-friendliness. 
Accordingly, Hyosung Heavy Industries has commercialized LPIT (Low Power Instrument Transformers) and MU (Merging 
Units) applied to full digital substations based on IEC 61850, and cloud platform S/W-based asset management products. It 
provides the value for both reducing/optimizing customer costs and improving operational reliability.
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Composition and characteristic of digital substations
Hyosung Heavy Industries has a full digital substation solution 
(LPIT, multi-function MU) based on IEC 61850 and an asset 
management solution that collects various status/diagnostic data 
and provides systematic management services throughout the 
entire life cycle of the power assets.

IEC 61850 Based Process-Bus Solutions 

1. Solution Overview
Since 2000, Full digital substations containing Process-Bus 
solutions(LPIT/MU-IED) have been commercialized. 

This is characterized by low voltage signals from the current/
voltage sensor(Electronic type) replaces the existing current/
voltage sensor(inductive type), is converted into a digital signal, 
and is transmitted to the upper system.

The MU(Merging Unit) is a conversion device that collects various 
signals in analog form and outputs to a digital signal defined 
by IEC 61850. Hyosung Heavy Industries’ MU can provide a 
customized design with multifunctional modular solutions, 
which can provide controls to a Bay Control Unit(BCU), back up 
protection, and transformer monitoring systems. 

LPIT can solve the problem of measurement performance 
degradation from device malfunctions due to saturation and 
Ferro-resonance in conventional IT(Instrument Transformer)s. In 
addition, LPIT's large dynamic range can reduce module sizes by 
applying one sensor for measurement and protection. 
(Length : 5 ~ 10%, height : 6 ~ 10%)

2. Benefit : Indoor GIS Digital Substations(S/S)
Through the installation of a new indoor GIS S/S (10 bays of 132kV 
GIS, 23 bays of 33kV), the benefits are a 40% reduction in cable 
costs, 30% reduction in cable wiring and trenches, 5% reduction 
in footprint size, and a 5% reduction in construction time.

3. Benefit : Outdoor Substation (AIS→GIS)
By utilizing a digital S/S (10 bays of 132kV GIS) to replace an AIS S/S, 
the benefits are a  60% reduction in cable cost and trenches, 30% 
reduction in cable wiring, a 40% reduction in footprint size, and 
a 15~20% shorter construction period. Additionally, if applying a 
Hyosung Mobile S/S, the outage time can be further reduced 75~97%. 

4. Case Study : Iceland Rangárvellir S/S
Iceland’s TSO has been installing and operating digital GIS S/S’s 
since 2019 to prevent salt & heavy snow damage, improving 
management efficiency. Hyosung Heavy Industries is supplying 
three Digital S/S’s.
Among them, Rangarvellir 220kV S/S has a redundant 
configuration of both LPIT and MU, and the LCC(Local Control 
Cubicle) consists of all digital devices except for emergency 
operation buttons. The cable between the GIS and LCC has been 
reduced by 35%, and between LCC and the control room has 
been reduced by 90% which allows for a single tray construction.

1. Station Level

3. Process Level
     :LPIT, MU, Sensors, Diagnosis Unit

2. Bay Level

Control Center
Asset Management

Station Bus, Ethernet, FO cable

SASGateway

Cyber
Security

Security &
Surveillance

Analog Signal Digital Communication

Digital Communication

Digitalized LCP

Digitalized LCP

HMIHMI Asset Management,
Online Monitoring System,
Other Systems

<Gas Insulated Switchgear>

<Transformer>

TMS IED MU

GMS CSD

HMI HMI

BCU MU

LPIT

LPIT

[Fig. 1] Configuration of IEC 61850-based full digital substation

[Fig. 3] Indoor(GIS) Digital Substation

Benefit
1.  Cable Cost Reduce 40% 
2.  Cable Wiring Reduce 30% 
3.  Cable Trench Reduce 30% 
4.  Footprint Reduce 5% 
5.  Construction Period Reduce 5% 

Configuration
1.  132kV GIS 10bays, 33kV 23bays
2.  Configuration : Double Busbar
3.  Area : 60 x 70 m2

Lightnirg Calculation Layout

[Fig. 2] 145kV GIS with LPIT

Removed VT Module

4 ~ 10%
Reduced

6 ~ 10%
Reduced

Combined Current/
Voltage Sensors

Merging Unit [Fig. 4] Outdoor(GIS) Digital Substation

Benefit
1.  Cable Cost Reduce 60% 
2.  Cable Wiring Reduce 30% 
3.  Cable Trench Reduce 60% 
4.  Footprint Reduce 40% 
5.  Construction Period Reduce 15~20% 
6.  Minimize Blackout Time 75~97% 
      or Uninterrupted replacement 
      work using Mobile S/S

HMS-145 Mobile S/S
- 132kV GIS 3150A 40kA
- Power TR 67MVA
- Aux. TR
- NER

As Is (AIS) To Be (GIS)

Hyosung Mobile Power Solution
Link : http://www.youtube.com/watch?v=0xpzuLoIn6Q
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Asset Management Solution (ARMOUR1))

1. Overview of ARMOUR
ARMOUR is an integrated system that combines the product, service and operational know-how of Hyosung Heavy Industries as a power 
equipment manufacturer. ARMOUR is a service solution that provides systematic management throughout the life cycle of assets(electric 
power facilities).

We provide asset risk assessment and optimal maintenance strategies through the digitalized substation information and an analysis model 
based on 30 years of design, manufacturing, and maintenance records.

The digital information generated at the substation is stored in the cloud server. This information suggests the replacement cycle and 
maintenance plan for each device according to the customer's priority rules through web-based platform S/W and reliability analysis models.

1) ARMOUR : Asset Remote Management for Operational Utility’s  Reliability 

[Fig. 6] System configuration of ARMOUR

[Fig. 5] Rangárvellir S/S in Iceland
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2. Benefit
ARMOUR's risk analysis model consists of a life expectancy model, 
a health index evaluation model, and an investment optimization 
model.

The prediction accuracy of the life expectancy model is 96.5% 
(verified through KEPCO's 5,000 accident records from 1985 to 
2018), and the health index evaluation applied AI has a 98.6% 
prediction accuracy.

It is expected to reduce maintenance costs by 30% and to reduce 
risk costs by 84% by shortening unscheduled power outages for 
power facilities in customer substations.

Since 2016, we have a number of domestic and foreign substations 
where ARMOUR is applied/operated and have professional 
diagnosis consulting results.

[Fig. 7] Example of ARMOUR HMI

[Fig. 8] Overseas utility construction case (Mozambique EDM)

Young-Min Kim
Deputy General Manager
DX Solution Engineering Team

Jae-Ryong Jung
Chief Researcher

Power Asset Management 
Research Team

Since the 2000s, full digital substations have been 
commercialized through pilot projects in over 40 
countries around Europe. Full digital substations applies 
a process-bus with digital signals by changing the 
measuring devices of sensors in GIS and transformers.
Recently, after the Paris Climate Change Accord, 
digitalization of substations has accelerated. 
Hyosung Heavy Industries has been conducting 
research and development for digital substations 
since the late 1990’s.
Currently, we have an optimized digital solution(LPIT, 
MU) and asset management solution for substations. 
The optimized digital solution integrates surveillance, 
measurement, control, and protection devices in 
substations.  
Asset management solutions, applying A.I. and Cloud 
technology, provide optimized maintenance solutions 
to extend the life of equipment in substations. 
For more complicated and advanced substation 
systems and customer requirements, Hyosung Heavy 
Industries provides customized solutions reducing 
the cost of both installation and engineering, greatly 
improving operating efficiency.



Metaverse, Electric vehicles, Smart factories, etc. These types of emerging or expanding technologies require electrical energy in 
a common form even if they are classified as different from each other. Also the variability of power generation is continuously 
being increased because of expanding renewable power generation such as photovoltaic, wind farms, etc. for carbon dioxide-free 
era. It becomes more important to operate power systems reliably and economically due to the increasing demand and variability 
of electric power. Hyosung is supporting power industry by providing various solutions for the operating power system.

Power flow control solution,
“Phase Shifting Transformer”

1. Phase Shifting Transformer 
A phase shifting transformer (PST) is a transformer connected 
in series with the transmission line to control the power flow of 
the transmission line by varying the phase angle between the 
source and load terminals. A PST is applied for the purpose of 
connecting power systems between countries or improving an 
unbalanced power flow in parallel transmission lines.

The overall appearance of a PST is similar to other power transformers 
and the advantage is PST’s occupy less space and are structurally more 
simple compared to the other methods (HVDC, etc) of controlling 
phase angle. The type of PST is defined by several factors such as 
variation of no-load voltage (Asymmetric/ Symmetric), number 
of cores (Two core/Single core), and number of tanks (Two tank/
Single tank). The proper type of PST is determined by considering 
capacity, voltage, and the installation.

A single core type PST is used only for low voltage and small capacity
because the tap changer varying the phase angle is directly 
connected to the power system and is exposed to disturbances of 
the transmission line.

A two core type PST is applied for high voltage and large capacity 
because the tap changer is not directly connected to the power system 
and the tap changer rating can be variable by design of the PST.

[Fig. 3] Two Core PST

[Fig. 2] Single Core PST
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Single/Symmetric PST

Two/Asymmetric PST

Single/Asymmetric PST

Two/Symmetric PST

[Fig. 1] Application of PST in transmission lines
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[Fig. 6] Power flow simulation(PSS/E)

2. PST design and manufacturing 
A PST is composed of an iron core, windings, tank, etc. and is 
similar to a power transformer structurally. From an operating 
point of view, there are more points to check compared to 
a power transformer such as the angle difference between 
windings, phase angle variation under load, and the dielectric 
design considering the existence of the bypass system, parallel 
operation of PST’s, etc.

The PST should be specially designed and manufactured 
considering the connection between windings, active parts, and 
tanks for implementing the function of variation in phase angle. 
Hyosung has the design capability and facility to manufacture 
and test the various types of PST’s.

3. PST application and analysis
The process for implementing PST’s is divided into two parts. 
One is selecting the transmission line to connect the PST and the 
other is evaluating the effect of the PST on the power system. In 
general, transmission system operators know which transmission 
lines have trouble with load distribution and will consider 
installing a PST to solve the issue. If transmission system operators 
are having difficulty designating the location of a PST, Hyosung 
is able to propose several locations for a PST by conducting an 
overload analysis of the transmission line using a Power system 
analysis program (PSS/E software).

After determining the location of a PST, the range of phase angle 
is reviewed through a power flow analysis simulation to solve the 
power flow issue in the transmission line. It is economically not 
effective to use a PST if the power flow is low. Also, the capacity of a 
PST becomes large if the power flow is high. The specification of a PST 
can be determined considering the result of power flow simulation.

Other issues that can occur during the operation of a PST are 
checked in advance through the transient analysis and effective 
analysis of the power system.

Joo-Yong Jung 
Manager

Power System & Control 
Technology Team

 Power & Industrial System 
R&D Center

Nam-Kyu Kim 
Assistant manager

Power System & Control 
Technology Team

 Power & Industrial System 
R&D Center

Jin Hyung 
Senior manager

Transformer technology development team
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Hyosung can provide phase shifting transformer 
solutions to control power flow based on  determining 
the PST specification, our power system analysis 
capability to determine the effectiveness of a PST, 
and our capability of manufacturing various types of 
PST’s. Hyosung can contribute to secure the reliability, 
stability, and economic feasibility of the power system.

[Fig. 7] Transient analysis of two Core PST

[Fig. 5] Process flowchart for introducing PST

Process of inrtoducing PST
(Determining the location and specification)

Power flow analysis
(PSS/E software)

Select location of PST considering
load of transmission line

Review the requirement of 
transmission system operator

Review the power flow considering
the phase angle of PST

Check the limitation of design 
and manufacturing

Determine the specification
of PST

Accurate and fast determination
by Automated process

[Fig. 4] Two core-Two tank type PST
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Hyosung Heavy Industries has a ‘Quality First’ policy. Under this policy, we've been establishing and operating a global quality 
management system for our Changwon plant, as well as our global plants (USA, China, and India). 
Through this, we aim to achieve the ‘Top Global’ level of quality, and provide new values to our customers.

The Global Quality Assurance Team (GQA) within Hyosung 
Heavy Industries designed a consistent quality policy, while 
managing the quality management system of the Changwon 
and Global Plants in an integrated way. In addition, we measure 
and manage the level and performance of quality management 
between business sites, and then compare and analyze the data. 
Through this, we have established a global integrated quality 
management system, that finds improvement cases, and uses 
them as opportunities. This is explained as follows.

Overview of Global Integrated Quality 
System Evaluation
In the past, ISO audits were derived findings. Through this, 
there was a limit in evaluating and improving the overall quality 
system. Accordingly, the need for a quality system evaluation tool 
that quantitatively evaluates and compares the quality system 
level of domestic and overseas factories has been emerged.

In 2021, Hyosung Heavy Industries developed and introduced 
the MSRT(Management System Rating Evaluation Tool) to build 
a foundation for global integrated quality system evaluation. 
This system is being adopted by many advanced multinational 
companies such as GM in the US, as a method for improving their 
global bases.

Hyosung Heavy Industries' MSRT was developed in collaboration 
with our company and DNV, a global certification body. In 
developing this, we focused on the characteristics of the order-
driven industry among the requirements of ISO9001 and the 
quality management weak point found in our past defective 
cases.

Hyosung Heavy Industries' MSRT has 3 categories and 22 core 
processes. Accordingly, it consists of a total of 92 evaluation items. 
For each item, 3-5 evaluation items are described according 
to the PDCA cycle. It was made to evaluate whether the work 
plan is clear (P), whether it is normally implemented according 

Global Integrated Quality System
We've established an Integrated Quality System by introducing an 
ISO-based integrated quality system which evaluates and shares 
information globally.



Global Integrated Quality System | 19

to the plan (D), whether the effectiveness aspect is periodically 
checked (C), and whether the inadequate inspection results are 
supplemented (A).

The maximum evaluated score is 800. We designed the evaluation 
system to score high marks when the business site is operating 
all evaluation items according to the PDCA cycle. This system 
enables us to quantitatively evaluate the level of the Changwon 
as well as our global plants. We made an activity system, to 
improve weaknesses and expand strengths to other bases 
according to the scores.

Benefits of Global Integrated Quality 
System Evaluation
In 2021, Hyosung Heavy Industries unified its Changwon 
plant and global factories ISO certification bodies into DNV. By 
conducting an ISO audit (renewal audit or surveillance audit) 
using MSRT, Hyosung Heavy Industries' entire factories are 
systematically evaluated and derived improvement from the 
perspective of experts from the same certification body.

Hyosung Heavy Industries' own internal audit in accordance with 
ISO9001 and KEPIC QAP requirements has also established an 
activity system in which the global QA team uses MSRT to audit 
Hyosung Heavy Industries' entire factories, derive and share 
improvements.

Based on this, we guide employees to find practical improvements. 
In addition, we analyze the results of the audit by using a 
longitudinal/cross-sectional comparison study, visualizing the 
comparison to the previous audit. This is used as data for deriving 
improvement points in various ways, such as comparing the 

levels between the global plants. In this way, we have established 
an activity system. It aims to ensure that the quality level of the 
Changwon, and global plants, will increase their average to the 
highest level. 

Supplementary : Establishment of Global Quality
 Information Sharing System
We made the quality management indicators equal among 
business sites in order to measure and compare the level and 
performance of quality management. Furthermore, we are 
making the same company standards such as work procedures 
and work standards.

In addition, we are operating a communication site to share 
information among both the Changwon and global plants. We 
share important information such as defective cases, which will 
be improved. Company standard revisions and improvements 
can be communication through this site. Establishing an 
information sharing system allows us to share our know-how of 
the Changwon and global plants, and apply it in real-time to our 
plants in other regions as well.

Jong-rak Choi 
General Manager 

Global QA Team Leader 
Quality Management Technician, 

ISO 9001 Auditor International Technician 

As a leading manufacturer of heavy electric 
equipment in Korea, Hyosung Heavy Industries is 
continuously making progress within the industry. 
As part of this effort, we have built global factories 
and established a global-level quality management 
system in order to become a global top-tier heavy 
electric equipment supplier.

[Fig. 3]  Hyosung Heavy Industries’ Information Sharing Site 
with Global Factories

[Fig. 2] Analysis of evaluation results (example)

[Fig. 1] PDCA cycle

Do

Action
Plan

Check

• Longitudinal comparison : looks at the level between the 
  inspection points of the same plant in the previous year and now

• Cross-sectional comparison: looks at data between different plants  

Note  
1) DNV : DNV is an international accredited registrar for ISO
2) KEPIC QAP : 
     Quality Assurance Program for Korea Electric Power Industry Code



Hyosung Heavy Industries, which obtained the ISO 9001 quality management system certification in 1993, has been 
additionally recognized as an accredited testing institute by the Korea Laboratory Accreditation Scheme (KOLAS) and is 
conducting Transformer, Gas Insulated Switchgear and STATCOM product test. Hyosung Heavy Industries complies with 
the requirements for quality management systems, test capabilities, and facility environment (ISO/IEC 17025), and Hyosung 
Heavy Industries' test report provides high test reliability because it is mutually recognized between countries where KOLAS 
has signed a Mutual Recognition Agreement(MRA) with the International Laboratory Accreditation Cooperation (ILAC).
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Background of Obtaining KOLAS Accreditation
We continuously participate in domestic and international 
programs to improve the accuracy and reliability of our power 
equipment testing. Furthermore, in April 2021, our Transformer 
and Gas Insulated Switchgear test labs were recognized as 
accredited testing institute, allowing us to provide the high 
quality and test reliability that our customers demand. Our 
STATCOM laboratory was also accredited in September 2021. 

What is the KOLAS Accredited Testing Institute?
The accreditation system for accredited testing institutes enable 
the Korea Laboratory Accreditation Scheme (KOLAS), which 
complies with laws or international standards, to evaluate the 
testing institute's quality system and technical capability by an 
evaluator with professional qualifications, so that the testing 
institute is officially proven to have testing capabilities in the 
accredited field.

Difference between ISO 9001 and ISO/IEC 17025
ISO 9001 is a quality system for the entire production process 
of products and services. ISO 9001 evaluates and recognizes 
quality systems that produce and supply products, not quality 
certification of products and services themselves. ISO/IEC 17025 
is used as the standard for evaluation and accreditation with a 
focus on the competence of testing and calibration laboratories.  
While ISO 9001 considers the overall management of the 
company rather than evaluation of technical factors. ISO/IEC 
17025, including the quality management factors of ISO 9001, 
focuses on the operation of testing and calibration institutions. 
In this regard, Hyosung Heavy Industries, a KOLAS-accredited 
testing institute, can provide accurate and reliable test results to 
customers.

Creating Customer Value 
through Reliable Testing
KOLAS Accreditation for Power Transformer, GIS, and STATCOM
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Maintenance and Management of KOLAS Accredited
Testing Institute Qualification
KOLAS-certified personnel who perform test tasks are educated 
and trained on a regular basis to improve their work ability 
and technical skills. They are also assessed using the KOLAS 
qualification system. Each year, the technical manager, who 
possesses the best technical skills in the field, directly monitors 
the competency of test practitioners, evaluating their abilities, 
training results and setting job skills in a systematic and detailed 
manner. In addition, KOLAS-certified personnel are regularly 
evaluated and registered by KOLAS, and all of these processes are 
notarized through regular on-site evaluation (examination). 

Quality Policy of KOLAS Accredited Testing Institute 
Hyosung Heavy Industries, as a KOLAS-accredited testing 
institute, provides evaluation services for product performance 
focused on customers, and makes continuous improvements to 
meet customer expectations. In order to provide customers with 
accurate test results and the highest level of service through fair, 
sincere and reliable tests, we have declared and implemented the 
quality policy as follows :

· Guaranteed fairness and transparency of test work
· Securing zero-defect test quality by complying with 
  clear rules and objectives
· Protection of confidentiality and property rights of customer
· Strengthening the sustainable management system

Hyosung Heavy Industries’ KOLAS laboratory recognizes the 
importance of quality management, understands the quality 
policy and objectives accurately, and complies with the KOLAS 
management system based on the KS Q ISO/IEC 17025 standard.

Advantages of KOLAS Accredited Testing Institute
Credibility of the test report
The test report of the KOLAS-accredited testing institute (Hyosung 
Heavy Industries), which is recognized by evaluating quality 
system, technical capability, and qualification, provides reliable 
test results.

International mutual recognition of the official test report
As KOLAS concludes a mutual recognition agreement with 
member institutions of APLAC and ILAC, the accredited test 
report issues by an accredited testing institution (Hyosung Heavy 
Industries) recognized by KOLAS has the same effect in member 
countries including major advanced countries such as the United 
States, Japan, Germany, and the United Kingdom.

Cost reduction and export competitiveness improvement 
By conducting tests directly by our company without relying on 
internationally accredited testing institutes such as CESI, KEMA, 
and KERI, we can contribute to reducing costs and time and 
improving export competitiveness.

Operation of KOLAS Accredited Testing Institute
The KOLAS laboratory, which is recognized as an independent 
accredited testing institute, is strictly managed, so that the test is 
not influenced. For example, the testing room is equipped with 
a locking system that allows only registered people to enter and 
the history of visitors is thoroughly managed. The test equipment 
is regularly inspected and calibrated to ensure the effectiveness 
of the equipment. In addition, we are reviewing test methods, 
conditions, and conformance statements to manage the condition 
of products requested for testing by the KOLAS laboratory and to 
provide reliable test results. All records are thoroughly managed in 
accordance with the KOLAS record management procedure.

Heung-Geun Chu 
General Manager 

Quality Control Team Leader
Quality Manager of 

KOLAS-accredited testing institute

Hyosung Heavy Industries has international-level 
laboratory and testing technology capabilities 
proven by KOLAS accreditation. As a result, the official 
test report issued by Hyosung Heavy Industries is 
mutually recognized by ILAC member countries and 
has external public credibility. We will continue to 
improve our quality system and technical capabilities 
by actively participating in related programs in order 
to maintain our qualification as an internationally 
accredited testing institute. Taking advantage of this 
opportunity, we will grow into a professional institute 
that provides new value to our customers.

Hyosung Heavy Industries KOLAS Accredited Standard

· A total of 13 IEC international test standards : 
 IEC 60076-1, IEC 62271-100, IEC 62927, etc.
·  A total of 7 IEEE international test standards : 
 IEEE C37.09, IEEE C57.12.00, etc.
· 1 Korean standard : KS C IEC 60076-1

Certificate of KOLAS-accredited testing institute

Photos of the test room of KOLAS' accredited testing institution

GIS Power transformer STATCOM
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High-voltage direct current (HVDC) transmission is a power transmission technology by changing alternating current to 
direct current using power semiconductor devices.
HVDC is classified into VSC(Voltage Source Converter) HVDC and LCC(Line Commutated Converter) HVDC and it is also eco-
friendly as it can use underground or submarine cables instead of existing steel towers. 
Especially, The VSC HVDC can control quickly and independently active and reactive power, it can be stably connected to the 
weak AC grid. In addition, It has the small footprint. It is advanced technology to be suitable for metropolitan area or offshore 
wind power.

The Research Institution of Hyosung has been developing a 
VSC(Voltage Source Converter) HVDC since 2012. It is the first 
time in Korea to develop a VSC HVDC. 
Converter is applied MMC(Modular Multilevel Converter) type 
which connecting in series modules units for large-capacity 
power conversion.   
Hyosung successfully completed demonstration of 20MW HVDC 
for windfarm connection at Jeju island in 2017. 
Based on this technology, Hyosung is conducting the ±120kV 
200MW VSC HVDC project. It will be installed in YangJu substation 
of Korea Electric Power Corporation(KEPCO) until 2023.

The seismic performance of the 200MW VSC HVDC has been 
verified by referring to the analysis and test procedure of 
IEEE693-2018-a seismic design recommendation for substation 
power facilities-for the first time in Korea. Currently, peak 
ground acceleration (PGA) is required at 0.321g according to 
the guidelines of KEPCO in Korea. This is equivalent to 7.0 on 
the Richter scale with average recurrence interval of 2400 years 
(2% probability of exceedance in 50 years). According to such 

[Fig. 1] Time history test (shake table test)
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The “Direct” Way to Eco-Transmission
High-Voltage Direct Current (HVDC) transmission
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customer requirement, the pre-design was reviewed with the 
finite element program Ansys, and the seismic safety of the 
valve structure was verified by the time history test applied with 
artificial seismic waves. 

The three-layer structure converter valve is a flexible structure 
that is highly vulnerable to earthquakes. However, the seismic 
design analysis technology has been established based on the 
accumulated seismic design technology through transformers 
and breakers as existing power project items, and the analysis 
technology can be verified with virtual earthquake simulation 
tests. The analysis technology is a method of calculating the load 
applied to each member by analyzing the dynamic characteristics 
of the flexible structure and predicting the response of the input 
earthquake waveform. 

 

The three-level flexible structure has a considerable amount of 
damage in the bottom support as the displacement response 
at the top of the structure is amplified once an earthquake 
occurs. To prevent such displacement amplification, we adopted 
a diagonal brace. This helped minimize the cost increase while 
improving seismic performance.

According to the seismic test process of IEEE 693-2018, product 
operation and normal operation of insulation performance are 
checked through pre-functional tests, with a structure then 
shaken by simulating the earthquake environment through 
the resonance search test and time history test. The structure's 
damage is inspected, and product operation and insulation 
performance are then checked again to verify the normal 
operation. Inspection of the structure's damage involves visual 
inspection and assessment of the maximum stress level by 
attaching strain gauges to main members.

Pre- and post-functional test method
① Operation test 
 test voltage and current 14.4kV/672Arms, operation time 30min

② Insulation test 
 first-level support insulator AC withstand voltage and
 lightning impulse test, Interlayer support insulator AC 
 withstand voltage test

Vibration test method
① Resonance search test 
 sine sweep test 0.025g (1–50Hz per axis, three axes in all)

② Time history test 
 horizontal 0.321g, vertical 0.247g (three axes simultaneously)

[Fig. 4] Operation test [Fig. 5] Insulation test

[Fig. 2] Response Spectrum Analysis
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[Fig. 6] Measurement of stress in main members 
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[Fig. 3] Seismic test procedure
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Hyosung Heavy Industries introduces our technology to customers in response to power market trends through 

power technology magazines. Recently, as demand for responding to environmental issues has increased, we are 

also actively strengthening our response for “Decarbonization”.

In this issue, one aspect of Hyosung Heavy Industries' response was introduced as a special feature. We hope it 

will be of any help to the customers who are reading this magazine. If you have any questions about the contents 

of this magazine or anything else, please feel free to contact us.

Thank you for reading Hyosung Heavy Industries Power Technology 

Magazine.

Epilogue

Hyosung Heavy Industries Corporation

Executive Vice President Sung-Hoon Ahn

All right reserved by Hyosung Heavy Industries Corporation

Please click       here for any questions.

http://www.hyosungheavyindustries.com/en/others/contact_us_n.do


COMPANY OVERVIEW

The future electrical grid system is growing into a new growth engine of green growth.

Hyosung Heavy Industries, a company that possesses the world’s best technology in heavy electric equipment, the core of industrial

energy, and exports its products all over the world such as to the Americas, the Middle East and Europe, is recognized not only for

electric equipment such as transformers and switchgears, but also motors and gears. Also, it will lead the low-carbon green growth

era based on the core technologies necessary for establishing future electrical grids such as energy storage systems (ESS), STATCOM

and smart grids.

It builds a sustainable and eco-friendly infrastructure for both humans and the environment.

In addition to participating in various construction projects such as housing, reconstruction and redevelopment, business and

commercial, civil and environmental, and SOC projects, Hyosung Heavy Industries practices eco-conscious management, where

humans and nature form a symbiotic relationship, through continuous research and investment.

· Produces 70% of the core

 products required for power

 supply in Korea

· Participates in establishing a

 production base in China and

 building a global power

 infrastructure

· Korea’s No.1 electric motor

 manufacturer and seller

· Performs system engineering

 business with a wide range of

 industrial product lineups

· Korea’s first developer of

 750kW, 2MW, and 5.5MW-class

 wind power generation

 systems

· Provides total solutions in wind

 energy such as wind energy

 core components, wind power

 turbines, EPC, and O&M

· The first company in Korea to

 introduce villa-type residential

 buildings

· Participates in various

 construction projects such as

 apartments and office

 buildings
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