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1. Introduction

Isthmus of Tehuantepec is located in Southern
Mexico in the State of Oaxaca. The region's wind
resource is expected to be enough to supply the entire
electricity demand of Mexico. A national project
“Marefia Renovable” started in 2004 got stopped by
the resistance from local community due to the
environmental concerns. Mexican government pledged
to reduce 22% of its greenhouse gas emission by 2030.
Therefore, developing suggestions for how to deal
with environmental problems for wind energy projects
in Isthmus of Tehuantepec is in urgent need. These
recommendations may be useful to assist future
projects of wind energy in other regions with similar
environmental contexts as well as contribute to meet

the Paris agreement.

2. Research Objective

The first objective of this research is to
quantitatively assess which type of wind power is most
suited within Isthmus of Tehuantepec through
integrated (energy-environment-economy) assessment
under the same condition. Then we identify how each
and every engineering material contributes to overall
life cycle impact of wind turbine and offer
environmentally-friendly alternatives for the materials

used in the turbine.

3. Methods and Assumptions

S50MW onshore/offshore Horizontal Axis Wind
Turbine (HAWT) and 50MW Vertical Axis Wind
Turbine (VAWT) are chosen for the integrated
assessment. Offshore wind power is presumed to be
installed 30 m deep sea water located around 30 km
from the shore. In terms of environmental aspect, life
cycle assessment (LCA) using SimaPro 8 software is
implemented to provide embodied energy and CO; as
well as environmental impact factors of Ecolndicator

99 methodology. The boundary of environmental

assessment covers extraction/manufacturing of raw
material, construction and operation/maintenance. Life
time of the three wind powers is assumed to be 20
years. Economic simulations are run with system
Advisor Model program funded by the United States
Department of Energy to provide data related with the
cost and energy production of the wind power.
Merging the data of two simulations allows to
calculate energy payback time and CO, emitted per
kWh. Finally, single score is obtained by transforming
several indicators to monetary unit in order to evaluate

overall performance between the three wind powers.

4. Results
4.1 Integrated Assessment

The result of environmental, economic and
energy assessment are illustrated within supporting
information (Figures S1-S4 and Tables S1-S2).

With an assumption that feed in tariff in Mexico
is 20 euro/kWh and decommissioning cost of wind
power is 5% of total installation cost!, following
equation is used to determine the single score

expressed as monetary unit for integrated assessment:

Single score(M$/year)

_ (Life time retribution)-(External cost+Decommisionig cost)

Life time
)
Here, environmental impact was converted to external
cost and uncertainty in external cost for Eco-Indicator
99 ranged from 2.83 to 6.71 euro/point?.

Figure 1 indicates that VAWT onshore is less
profitable compared to the two HAWTs. Overlap in
scores between HAWT onshore and offshore is due to
the large uncertainty in external cost. Overall, HAWT
is more profitable than VAWT within Isthmus of

Tehuantepec.
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Figure 1: Results of integrated assessment
expressed as single score of monetary unit

4.5 Proposal of New Materials

This phase suggests new materials and process
routes that will eventually diminish life cycle impact
values (Eco-Indicator 99 single score) with assuring
the structural needs and functional requirements.
Reducing the environmental burden benefits the local
community and allows more smooth installation of the
wind farm within Isthmus of Tehuantepec. For the
government, it contributes to accomplish their goal of
having 35% of country’s power from renewable
energy source by 2024. For the investors, reductions of
environmental impact calculated by Eco-Indicator 99
mean increase in monetary unit single score (Eq. (1))
and further attract the investment towards wind farm.

Extraction and manufacturing stage contributes
approximately all of energy flow (see Figure S5
illustrating 99.2% contribution of this stage in total
impact of SOMW HAWT offshore from SimaPro 8
software). The main contributors of the stage are
extraction and manufacturing of foundation, nacelle,
tower, ancillary and rotor. Therefore, it is essential to
look at the individual materials within above 5 parts to
determine which material causes most environmental
burden.

Rashedi et al. conducted life cycle impact
assessment of foundation, nacelle, tower ancillary and
rotor. They showed copper exposes most adverse
effect on the environment with distinct difference
amongst all the materials. In order to reduce total wind
farm impact, it is significant to replace copper material
with other alternative materials. HAWT onshore and
offshore farms use copper in cable, and winding
material of generator and transformer®. Substitute of
copper should satisfy the requirements of high
electrical conductivity and low price which copper has.
Better substitute can be explored from database of

Cambridge Engineering Selector (CES) as shown in

Figure 2. Based on CES, two requirements above are
suggested as:
Per <3 %107 Qm )

Pelr indicates electrical resistivity and C, represents
material cost per kg. Based on egs. (2) and (3),
"aluminum commercial purity, 1-0, wrought" appears
as a substitute material. Its electrical resistivity is
2.7x108'Q2 m and price is 1.65 USD/kg. Density is one
third of copper alloys. Mass, cost and LCA impact can
be evaluated by using the data of aluminum alloy but
more in depth assessment is necessary since there are

other materials that may need to be replaced.

10000 4

Foams
100 \ '
PR R -

Natural materials

X / y K 30X
0.01 1 Non-technical ceramic/ -
Plastic/
1e-4 4

Composites

Electrical resistivity (ohm.m)

1e-6
Metals and alloys

5 :5“
1e-8 - Iron, hot rolled, >39.9%F s " -
Copper, lead coated
Aluminum, commercial purity, 1-0, wrought
0.1 1 10 100

Price (USDikg)

Figure 2: Material selection chart in terms of
electrical resistivity versus unit price®

References:

1) NEDO : FAERRET L —HIFEE 52
W — FAERRE = R L 3 KL RKIZT T T
SR T NERE AT E—, (AT AY),
AFHk
<http://www.nedo.go.jp/content/100544818.pdf>,

(% 2016-7-15)

2) Teixeira, R, & Section, E.: Developing a
Methodology to Integrate Private and External
Costs and Application to Beef Production
Method/Approach, Conf. on LCA in the Agri-
Food Sector, Zurich 1990210. (2008).

3) Rashedi, A., Sridhar, I. & Tseng, K.J.: Renew.
Susutain. Energy Rev. 21, (2013), pp.89-101



Supporting Information

1) Environmental Assessment
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Figure S1: Eco-Indicator 99 points of 3 wind farms Figure S2: Embodied CO2 of 3 wind farms
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Figure S3: Embodied Energy of 3 wind farms

2) Economic Assessment
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Figure S4: Total installation cost and size of debt of 3 wind farms

Table S1: Levelized cost of electricity of 3 wind farms

Levelized Cost of Electricity

Type of Wind Farm ($/kWh)
50MW HAWT (onshore) 0.067
S0MW HAWT (offshore) 0.18
50MW VAWT (onshore) 0.13




3) Energy Assessment

Table S2: Results of energy assessment

Energy Energy Pay Energy
Production Back Time Return on Capacity
e ; ) Factor (%)
(GW/years) (vears) Investment
S0MW
HAWT 121.7 /o= 2.7 27.8
(Onshore)
S0MW
HAWT 130.7 4.5 4.4 29.8
(Offshore)
50 MW
Vertical
Axis Wind 54.6 4.5 4.4 12.6
Turbine
4) Network Representation of Overview of Life Cycle of Wind Power
1p
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100%
1p ip ]
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manufatcuring Construction.
199.2% 0.835%
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Figure S5: Flow representation of life cycle of 50MW HAWT offshore using single score of Eco-Indicator 99.

Operation and maintenance stage is cut off due to negligible contribution.
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Proposal of the environmental integrated indicator of household SOFC-CGS considering

LCA analysis
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1. INTRODUCTION

Jalalabad city, the capital of Nangarhar province,
Afghanistan, is the second largest city in the eastern part of the
country, with more than 500,000 residents [1]. Since 2001, the
city has accommodated a continuous stream of migrants from
neighboring Pakistan. This migration led to increase the
generation of municipal solid wastes in the city, which has
become the city’s worst problem. The absence of a proper
municipal solid waste management (MSWM) has brought
about human health threats, surface and underground water
contamination, air and soil pollution, and other difficulties.
Moreover, the city aesthetics have been adversely affected
because waste is apparently dumped everywhere. The
municipality, which is responsible for MSWM, seems to have
failed in tackling the problem because of technical, financial,
and resource constraints. The root cause of the problems is
improper waste storage and collection. Therefore, it is crucially
important to model a proper solid waste storage and collection
system that can be expected to benefit the people’s social,
environmental, and economic circumstances. Principally, this
research is aimed at developing a suitable storage and collection
system for Jalalabad city, Afghanistan.

2. METHODOLOGY
2.1 Evaluation of the Current System

The questionnaire survey was administered in September,
2016 to 25 residences in each of the city’s 6 districts (150
households in total). Target respondents were mainly women
because they are responsible for managing residential wastes.
The questionnaire was designed to acquire information related
to waste management practices of households, perceptions and
satisfaction levels of the city’s MSWM system, and people’s
difficulties and needs.

The interviews with the government officials and Wakeel
Guzar (a community representative and intermediary between
local people and government) were conducted in September,
2016. The officer in charge of sanitation in the municipality
were asked regarding city’s current MSWM cycle, service
coverage, inventory of collection bins and vehicles, current
landfill location and capacity, operation and maintenance cost,
and their problems and recent achievements. Likewise,
information such as city’s population and land availability for
landfill disposal was retrieved from Ministry of Urban
Development Affairs (MUDA). Wakeel Guzar provided

unbiased information and opinions regarding the MSWM
problems in the community, the fault of residents, and
mismanagement of the government. By and large, the Wakeel
Guzar’s information verified the information provided by the
people and the government.

Residential waste composition analysis was also conducted
in September, 2016. From 60 households from all the districts of
the city, a total of 210 kg of waste was collected. Plastic waste
bags were distributed to these households, which used them to
collect one day’s waste (24 hr). After the waste was mixed and
compacted thoroughly, a 9 kg sample was taken from the total
waste. The sample was then separated into six categories:
organic, plastic, paper, metal, glass, and other. Waste of each
category was then weighed.

2.2 Planning and Evaluation of a New Collection System

Based on the evaluation above, suitable storage and
collection was proposed. For storage, the size of each container
was calculated based on the people’s attitudes, government
capabilities, climatic conditions, locations, and collection
frequency. Then, the total number of communal containers
required by the city and each district was estimated. District 4,
the most densely populated area, was selected as a sample area
for detailed analysis. Road network data were digitized in GIS.
Then roads were categorized as major, minor, or other. The
communal containers were then placed properly at road
intersections. Then, assisted by GIS optimal routing model, the
minimum cost/ distance efficient collection paths were found for
transporting waste to the landfill site. Vehicle types were
selected based on the types of proposed containers.

3. RESULTS AND DISCUSSION
3.1 Evaluation of the Current System
(1) Questionnaire Survey Results

Regarding collection, people recognized that the
municipality did not have a specific schedule to collect waste
from the collection points. Figure 1 presents the perceived
frequency of solid waste collection from the collection points.
Waste at 32% of collection points is collected once a week,
followed by frequency of less than once a week at 22%.
However, less than 1% of the waste is collected on a daily basis.
Overall, city waste collection practices could be called very
poor.

Figure 2 presents people’s satisfaction levels of MSWM

service of the city. People in the lower income category are



F 12 EEAL CAZEMARZRHEZEE (2017 F£37)

poorly served, which explains their high dissatisfaction. People
reporting higher incomes are somewhat satisfied because of
their residential location at the city center, where the MSWM
service is good. Overall, most people are unsatisfied with the
service. Furthermore, although the government claims to have
provided community waste containers to people, the survey
revealed that 29% of the people did not have, leaving them no
alternative but to dump waste openly in streets.
(2) Interview Results

As per municipality, the current MSWM cycle involves
storage, collection and disposal, which is being managed by a
total of 321 labors using a total of 26 cleaning vehicles, 2 loaders,
2 water tanker and 1 ambulance. The waste is stored in
communal containers and a total of 100 of these are distributed
in the city. There is no sanitary landfill, instead, the waste is
dumped in an agricultural land, resulting in the pollution of the
river water. Operation and maintenance cost are 66.5 million
Afghanis/year. According to MUDA, the city has a total
population of 540,000 which have been disseminated in 6 urban
districts. Due to land availability limitations and less attention to
MSWM service, the government has failed to provide
permanent land for dumping. The Wakeel Guzars confessed
that the communal containers are of poor material, insufficient
capacity, and less in numbers. The vehicles used for collection
are mostly old and are less in numbers. They claimed that the
municipality does not have a 100% service coverage.
(3) Waste Composition Analysis Results

Figure 3 shows that organic waste had the highest share of
62% in the total waste sample, followed by plastics and paper.
This composition agrees with those found for cities in other
economically low-income countries worldwide [2]. A waste
generation rate was estimated about 0.37 kg/capita/day, which
produces 950 m? of waste per day in the city.
3.2 Planning and Evaluation of a New Collection System

Considering problems found in above, a set of
recommendations can be provided for waste storage and
collection. To curb scattering of wastes and pollution from
collection points, exchanged community containers were
recommended. Containers of these types can accommodate up
to 5 m® of waste, which can accommodate the waste of four
streets (22 houses/street) for three days. Numbers of containers
required for the city were estimated as shown in Table 1. The
collection activities and related information will be discussed in
detail at the time of the presentation.
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Table 1: Number of communal containers required.

Total population X X Waste |Container|Containers
- R Population|Population K i R
District of the city share (%) | (person) generation| capacity | required
(person) o (m3/day) [(m*/unit)| (unit)

District 1 21 115000 203 41
District 2 20 110000 194 39
District 3 15 80000 141 28

S 540000 5
District 4 22 120000 212 43
District 5 14 75000 132 26
District 6 7 40000 71 14
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HV & EV OEBLIEZ S T HRF - IRIR - RITEHDRIRIE

Comprehensive techno-economic comparison of hybrid vehicles and electric vehicles
using multi-dimensional technology assessment diagram
OJF ﬁﬂ_’]‘*l)
Takuya Hara
1) PR ALE | RbFIEAT
* thara@mosk.tytlabs.co.jp
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Identifying factors influencing the content of impurity elements in steel in Japan
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Comparison of the origin of steel-contamination elements in Japan and Netherlands
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Estimation of the possibility to reduce the dissipation of Ni and Cr associated with steel
recycling using dynamic MFA
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1. Introduction

In Vietnam, rapid industrialization and urbanization
accompany with a poor management result in the drastic
degradation of living environment. Water pollution is
considered as the most urgent concern for Vietnamese
people. The Vietnamese government has implemented
various strategies to mitigate the pollution situation, but it
has not been effective. The reason is that the inter-
relationship between economy and environment has not
been understood well.

This paper is going to apply the methodology of Le et al
(2013)V to develop water pollution input output (EEIO)
table from IO tables for analyzing the relationship
between economic sectors and water pollution emissions.
The vertical integrated method is then utilized to indicate
the characteristics of economic sectors in Vietnam in
relation to water pollution and help in identifying the
prioritization of sectors for focusing on the proper policies

to mitigate the emissions.

2. Methodology
The study’s overall framework is shown in Fig. 1.

Pollution load is the total of emission emitted from certain

sector to satisfy its intermediate demand and final demand.

According to Millar and Blair (2009)?, pollution load of a
sector = Activity x Pollution intensity (PI) of a unit of
activity. In which, PI of manufacturing sectors are
estimated from IPPS data¥, while PI of remaining sectors
are obtained from Trinh’s study?.

The wvertical integration coefficient proposed by
Sanchez-Choliz (2003)Y is used to

disaggregate the emission of pollutants of each

and Duarte
sector
into five components of pollution related to the flows of
goods (Fig. 2). The indices of components are then
computed to indicate sectoral characterization in relation
to pollution emission. It can be seen that sectors can be
classified as key sectors or polluted pullers or polluted
pushers. These sectors are considered generating much
higher pollution and having more important linkages to
other sectors. Thus, the pollution mitigation methods need

focusing on these sectors first

Data collection and processing

[ Original IO table ][ Pollution intensity ]

L ]

Aggregated 10 table

Validation

¥

Extended water pollution IO table

L 4 \ 4

[ Conventional analysis I Vertical integrated coefficient ]

1} ||

[ Pollution load ] [

L ] &

Suggestion of management

Emission components ]

Fig. 1. Overall framework of study

Semi-own
pollution

Own pollution
Final demand

t pollution
Input of " I Output of
sectar § SECTOR / ]» sector i
1—; True backward » True forward
Output_ of { SECTOR ]4 Input o;
sector f sector 7

Fig. 2. Emission components regarding product flows

3. Results

The trends of TSS and BOD pollution load of main sectors
in the period 2000-2011 are shown in Fig.3. and Fig.4. The
classification of sectors follows the classification of
International Standard Industrial Classification version 2
(ISIC 2) The results show that TSS and BOD emission
increase sharply from 2000 to 2011, in which TSS
accounts for 83% total amount of water pollution. For TSS,
Basic metal industry emits hightest amount, accounting
for 75% total TSS emission. Meanwhile, Food, beverage
and tobacco and Agriculture, fishery and forestry are

main dischargers of BOD emissions.
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Fig. 3. TSS pollution load
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Fig. 4. BOD pollution load

The results for assessing sectoral characteristics using
vertical integration method give that for TSS, Agriculture,
fishery and forestry; Manufacture of Industrial
Chemicals and Other Manufacturing Industries are key
sectors which has high backward pollution and forward
pollution linkages. In addition, Basic metal industry is true
forward pollution linkage which sells 88% its pollution to

other sectors. Fabricated metal products, machinery and

equipment and Construction sectors are the extreme cases
of TSS purchasing sectors. For BOD, Agriculture, fishery
and forestry; Food, beverage and tobacco and Other
manufacturing sectors are key sectors. Furthermore, high
purchasing sectors of BOD are Fabricated metal products,
machinery and equipment and Construction, purchasing
27% and 24%, respectively, BOD emissions from other
sectors. Meanwhile, Industrial chemicals and Basic metal
industry sells high BOD amount to other sectors.

4. Conclusion

The approach of environmentally extended input output
model are used to account for TSS and BOD components
in water waste emissions. This helps to indicate the trend
of water pollution load during the period from 2000 to
2011. In addition, the approach of the vertical integrated
coefficient methods to give the characteristics of sectors
aids to analyze the relationship between water pollution
and economic activities. The method also assists in
identifying the prioritization of sectors which generates
high water pollution and/or high purchasing and/or sales

emissions.
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1. Introduction

Efficient production of high quality steel is essential for
the development of other industries, but as a major energy
and material consumer it is also a source of environmental
damage. Ore-mining activities for steel production are
highly intensive in terms of overburden and waste rock?,
while the direct, indirect and hidden energy-material flows
to obtain the metal during manufacturing is equally
damaging, given its pollution and greenhouse gases?.

Yet, steel production is crucial for the economy and the
Japanese industry is among the most efficient ones.
Research has corroborated this fact®, but recent studies
have assessed through a rather unexplored method: Total
Material Requirement (TMR). This literature has found that
certain types of steel have higher material intensity when
mining and manufacturing inputs are aggregated together?),
but more comprehensive analyses are yet to be done in the
light of the actual achievements in the quality of products
by the industry.

Provided an objective method for such an analysis, the
assessment could further clarify which type of steel might
need more efficiency improvements, and how could policy
initiatives target its more sustainable performance without
compromising quality. Lined in that direction, this study
presents a comparative performance analysis of 40 steels in
terms of environmental burden and the quality of its

products expressed by mechanical properties obtained.

2. Methods

In order to determine which steels have higher efficiency
under the state-of-the-art production, a reliable database is
needed. A trustworthy database of TMR of different types
of steel of the Japanese industry is available®. Based on the
information available, the following stainless steel types
were considered for evaluation: corrosion-resistant,
heat-resistant, non-magnetic and spring stainless steels. Full
details on the 40 types under analysis are provided in the

supporting information section.

2.1 TMR values and mechanical properties
The TMR value of the selected steels is the

environmental damage proxy, which includes the phases of

mining and smelting. Quality of the product is measured by
four mechanical properties: stress, tensile strength,
elongation and hardness (Vickers). All information is taken
from the same database, surveyed and updated through

tests and product specification sheets.

2.2 Data Envelopment Analysis

The comparative evaluation is carried out using Data
Envelopment Analysis (DEA), an operations research
method for comparative evaluation of processes using
several indicators aggregated as inputs and outputs®?.

The preferred model is a CCR assuming that any
production of the selected steel types can achieve the same
level of efficiency®. TMR is used as the input in the model

and the four mechanical properties as the outputs.

2.3 Statistical analyses

Once the DEA results are obtained, statistical analyses
on the efficiency scores are applied for generalisations.
These comprise ANOVA of the 40 types of steels grouped
into 5 categories: Spring, Heat-resistant and three types of

Corrosion-resistant (Stainless, Duplex and Nickel-based).

3. Results and discussion
3.1 Most efficient types of Steel

Considering all the mechanical properties and TMR, four
types of steel are the most efficient: Corrosion-resistant
NSSMC-NAR-DP12 and SUS316L,

corrosion-resistant SN-3 and Non-magnetic stainless steel

duplex

305 (Std.). Interestingly, when hardness and elongation are
taken away from the DEA model, only Corrosion-resistant
duplex NSSMC-NAR-DP12 and Non-magnetic 305 (Std)
remained being the most efficient types. This suggests that
SUS316L and

Corrosion-resistant SN-3 have a high score given their

Corrosion-resistant duplex
properties achieved in terms of elongation and hardness.
Hence, considering all the four dimensions would yield a
slight different outcome in the most efficient types under
comparison. It is noteworthy that table 1 also shows that
outcomes of a DEA model composed of TMR with stress
and tensile strength (column 1) highly correlated with

models comprising more mechanical properties (column 2
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and 3), but the most complex model (row 3) seemed the
least similar. Yet, the high correlations with simpler models
in this row also suggests that good approximation of the
efficiency could be obtained by using a smaller amount of
mechanical properties. Thus, when lack of data is an issue,
a simpler model might yield rather accurate outcomes.
Table 1 Correlations between DEA models

significant difference in some efficiency ranks from the
DEA, supporting the information displayed in the figure.
Post-Hoc testing should provide precise information of
which type of steel is significantly different in the
efficiency rank. Provided this, the graphs show that Spring
Stainless Steel and the Corrosion Resistant Duplex
Stainless Steel series seem the most efficient ones, and
probably significantly different to others.
Table 2 Robust measures of ANOVA

DEA model 1 2 3
1..TMR - Stress, Strenght 1
2.[TMR — Stress, Strenght, Elongationf0.92** 1

TMR — Stress, Strenght,
3. ) 0.86%*0.94%% 1
Elongation, Hardness

Measure Statistic®|  dfl df2 Sig.
Welch 12.948 10.212 | .001
Brown-Forsythe 4.009 10.117 | .034

**Correlation is significant at the 0.01 level (2-tailed).

3.2 Least efficient types
Contrastingly to the highest

nickel-based alloys scored the lowest in the comparison.

efficiency, mostly
Considering all the mechanical properties and TMR, two
corrosion-resistant nickel based alloys (20-25MTi and
66NEL), the heat resistant nickel based alloy 600 and the
pure nickel N201 were the worst performers. These results
did not change much in downscaled versions of the DEA

model (considering three and two mechanical properties).

3.3 Efficiency by groups
As previously mentioned in section 2.5, a grouping of
steels based on their composition into 5 categories yielded

the results shown in figure 1.

50%-] A

40%]

30%

20%

Mean DEA efficiency
(TMR - Stress,Strenght, Elongation, Hardness)

10%

0%

T T T T T
Spring stainless Heat-resistant ~ Corrosion-resistart Corrosion-resistant Corrosion-resistant
steel stainless steel stainless steel duplexststa‘m\ass nickel based alloy

eel

Steel types

Fig 1 ANOVA plots of DEA efficiency of TMR

It can be observed that the mean score was higher for
two groups: Spring and Corrosion resistant duplex steels.
Contrastingly, Heat resistant steels and Corrosion-resistant
nickel based alloys showed the lowest outcomes.

Furthermore, according to the ANOVA results, there is a

a. Asymptotically F distributed.

4. Conclusions

A comparative efficiency assessment in terms of
mechanical properties achieved by steel making in Japan
with respect to the environmental burden in terms of TMR
could be assessed using a DEA model. It was found that
Spring and Corrosion-resistant stainless steels were the
most efficient, whereas Corrosion-resistant nickel based
alloys the least. Detailed by type, corrosion-resistant duplex
NSSMC-NAR-DP12 and SUS316L, corrosion-resistant
SN-3 and Non-magnetic stainless steel 305 (Std.) showed
the highest efficiency. In contrast, nickel based alloys
(20-25MTi and 66NEL), heat resistant nickel based alloy

600 and the pure nickel N201 were the worst performers.
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7. Supporting Information

Table S1 - Types of stainless steel, TMR, stress, tensile strength, elongation and hardness values.

Name TMR Stress | Strenght | Elongation | Hardness
Corrosion-resistant 20-25LMCu 113.3884 | 298 559 50 150
Corrosion-resistant 20-25MTi 114.66 315 589 50 173
Corrosion-resistant 20-3 143.0644 | 327 625 44 166
Corrosion-resistant 303 41.424 215 540 45 196
Corrosion-resistant 304 32.085 278 626 58 164
Corrosion-resistant 305B SUS304 32.085 278 626 58 164
Corrosion-resistant 305B SUS310S 61.3768 224 563 52 130
Corrosion-resistant 305B SUS890L 45.108 305 665 61 161
Corrosion-resistant 315N - SUS310S 61.3768 224 563 52 130
Corrosion-resistant 315SN - SUS315J1 47.3372 319 676 58 167
Corrosion-resistant AC-3 124.2024 | 325 673 58 166
Corrosion-resistant duplex DP-3 NSSMC-NAR-DP-3 54.424 608 813 31 260
Corrosion-resistant duplex DP-3 NSSMC-NAR-F 39.064 571 769 32 250
Corrosion-resistant duplex DP-3W 58.5844 669 894 36 270
Corrosion-resistant duplex NSSMC-NAR-DP12 8 610 822 42 251
Corrosion-resistant duplex NSSMC-NAR-DP-28 33.2 647 937 42 281
Corrosion-resistant duplex SUS316L 8 234 518 52 144
Corrosion-resistant HCR-18 91.0416 295 539 44 160
Corrosion-resistant nickel based alloy 20-25MTi 186.8976 | 326 688 55 95
Corrosion-resistant nickel based alloy 66NEL 287.19 282 549 43 95
Corrosion-resistant SN-1 47.518 328 718 57 200
Corrosion-resistant SN-3 53.162 329 738 57 200
Corrosion-resistant SN-5 34.244 560 751 33 230
Heat resistant 310S 68.618 245 570 40 160
Heat resistant 310S 68.618 245 570 40 160
Heat resistant AH-1 76.7916 279 583 48 139
Heat resistant AH-4 41.7452 440 767 42 201
Heat resistant nickel based alloy 600 199.54 364 666 35 180
Pure Nickel N201 258.81 177 401 54 140
Spring 301 SP 1/2H 27.71728 | 759 1138 29 330
Spring 301 SP 3/4H 27.71728 | 986 1269 22 386
Spring 301 SP EH 27.71728 | 1872 1918 2 536
Spring 301 SP H 27.71728 | 1281 1430 15 451
Spring 301L HS1 28.0432 | 1280 1350 15 450
Spring 301L SE1 3/4H 28.0612 | 1144 1183 13 397
Spring 304-CSP 1/2H 31.82064 | 703 863 32 274
Spring 304-CSP 3/4H 31.82064 | 941 1011 20 340
Spring 304-CSP H 31.82064 | 1152 1185 6 383
Spring 403 2D-Q 10.32428 | 972 1113 10 378
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