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1 INTRODUCTION 

1.1. In this rebuttal evidence I respond to certain aspects of the proof of evidence and 

appendices of Jim Truman [WCM/JT/1 & WCM/JT/2] and of Mark Kirkbride 

[WCM/MAK/1 & WCM/MAK/2]. This rebuttal evidence should be read together with 

my proof of evidence [SLACC/SH/1].  

1.2. I provide this evidence as an independent expert, to whom no payment has been made. 

This proof of evidence is true to the best of my knowledge, and the professional 

interpretation and opinions are mine, founded on the factual evidence which has been 

gathered in connection with this appeal.  

2 COAL QUALITY & MARKETABILTY

2.1. Mr Truman states in his proof at paragraph 5.1 that West Cumbria Mining coal is 

comparable to US High-Vol A quality and is expected to be highly marketable in the 

European market. 

2.2. First, I note that, it is clear from the Wood Mackenzie Report (“WM Report”) which 

appears as the appendix to his Proof of Evidence and on which many of the findings in 

Mr Truman’s evidence are based (WCM/JT/1 Para 2.2), that Mr Truman and his 

colleagues have simply been provided with the specifications of the product which 

WCM claims will be achieved.  (WCM/JT/2 para 2.6) WCM has still provided no data 

on the Run of Mine coal.  As set out in my proof of evidence, it is not clear what 

processing is proposed or whether it would be achievable to produce coal of the 

specifications claimed, given the high sulphur content of the targeted seams.  This was 

previously addressed in my proof at SLACC/SH/1, in particular at paras 3.6-3.7, 6.3-

6.4, 7.1-7.5. 

2.3. Mr Truman is not entirely clear whether he actually considers the WCM coal to be 

High Vol A, in accordance with WCM’s statement of case (SOC para 112).  As above 

he states that it is “comparable” to US High Vol A coals (WCM/JT/1 para 5.1) but he 

then goes on to say simply that the WCM product “presents a high-volatile coking 

coal.”    
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2.4. Mr Truman then says (WCM/JT/1 para 5.4) that “West Cumbria Mining’s coking coal 

exhibits almost all of the key parameters used to designate HVA quality.”  (my 

emphasis) At WCM/JT/2, table 2.1 and 2.2 of the WM Report set out key parameters 

for metallurgical coal.  It may be noted that the (claimed) WCM coal specifications are 

outside the range given in Table 2.2 for of both HVA and HVB coal in respect of 

multiple parameters.   

Sulphur 

2.5. The WM Report indicates that HVA coal has a maximum sulphur content of 1.3% and 

that HVB coal has a maximum sulphur content of 1.4%. (WCM/JT/2 page 22, table 

2.2) The inclusion of sulphur content in the marketable qualification of metallurgical 

coal is, itself, noteworthy. In original submissions to Cumbria County Council, WCM 

continually described their coal in terms of its physical coking properties.  The WM 

Report now recognises that the sulphur content is one of the important criteria which a 

metallurgical coal must meet.    

2.6. However, WCM’s evidence indicates that the coal produced by the mine would range 

up to 1.6% sulphur content.  [WCM/MAK/1 para 7.11; WCM/MAK/2 p 71] Even at 

the annual average value of 1.4% sulphur, which they claim that 80% of the coal will 

meet [Id], this is not within the WM Report specification for HVA coal.  As I have 

previously set out, in fact the evidence indicates that 1.1% sulphur is the upper limit 

for marketable HV metallurgical coals.  It is notable in this regard that the WM Report 

indicates that “sulphur in coke should not exceed 0.7%” (WCM/JT/2 Table 2.1, p 21).  

In fact, the Edinburgh Report indicated that this might range up to 0.9% but in either 

case, the figure would not be achievable with more than a small percentage of WCM 

coal in the coking coal blend.  This is implicitly recognised by the WM Report, which 

indicates that the “addressable market” for WCM coal is only “between 5-6 Mtpa over 

the 2021-2049 period” including the UK, the EU and Turkey.  (WCM/JT/2 para 2.32) 

whereas, they say, total coal demand will be roughly 10 times this figure (WCM/JT/2 

para 1.35; figure 1.8).   

2.7. Mr Truman argues that the typical sulphur specification for steel mills in the UK region 

are < 1.0%, but that by accepting a decreased selling price penalty for exceeding that 

sulphur mark the coals would be marketable.  (JT/1 para 5.4) Mr Truman states that 
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“cokemakers should be able to maintain an acceptable overall sulphur level in their 

blend” and by implication, that this could be done by increasing the amount of 

Australian coal, which can have sulphur contents ranging between 0.5% and 0.6%.  Mr 

Truman states that he estimates the penalty due to high sulphur content would be 

US$7.7/t. (WCM/JT/1 para 7.5)   

2.8. Mr Truman, however, does not present any evidence that UK or European cokemakers 

would actually be willing or able to pay such a penalty to use WCM coal.   

2.9. SLACC have received a letter from the Materials Processing Institute (MPI), providing 

a short commentary on the WM Report, which is attached as Appendix R1.  MPI is a 

research and innovation centre which provides expertise to the steel industry 

domestically and internationally.  It was founded as the British Iron & Steel Research 

Association in 1944, having been set up by Sir Winston Churchill’s wartime 

government to equip the British steel industry for post-war reconstruction. 

2.10. The MPI comments on Mr Truman’s JT/2 should be read in full, but I note that, in 

relation to the sulphur content of WCM’s coal, MPI indicates its view that the WCM 

level of sulphur is high and that many cokemaking operations are “constrained on S 

[sulphur] input”. (Appendix R1, page 16, para 4)  MPI explain that “UK carboniferous 

coals generally have higher total sulphur contents than their US equivalents. This led 

to them being phased out of use as prime metallurgical coals in the early 1980’s as high 

sulphur emissions from coke plants in the UK, in the form of H2S, caused acid rain 

formation that severely damaged the environment in Scandinavia and northern Europe. 

Consequently, the Environment Agency imposed restrictions on the use of high sulphur 

coals for cokemaking.” (Id.) 

2.11. MPI cites the example of British Steel’s integrated steelworks at Scunthorpe, where it 

says that a limiting value of 0.75% db sulphur is applied.  Such regulatory constraints 

(which MPI notes are similar across Europe) (Id.) mean that even with a significant 

lower costs of purchase benefit, cokemakers may simply be unable to use the coal. 
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2.12. MPI also notes, when reviewing the WM’s statements at para 2.12 of its report 

(Appendix R1, page 18, para 1) that the analysis in the report is “superficial” indicating 

MPI’s view that “Cost and price penalties are not the issue with S. Environmental 

legislation is the driver. High S coals are prohibited.” 

2.13. The regulatory limits noted by MPI accord with specifications for internationally 

traded coal (Edinburgh report Fig 3, Fig 5, Fig 7, Fig 8). In the same way that CO2 

emissions are not controlled by costs in the market but are regulated by environmental 

policies which have driven significant decarbonisation; so the sulphur content is not 

controlled by cost, but is regulated to control acid sulphur emissions and eliminate 

environmental damage. 

2.14. I also append the full version of the S&P Global Platts Specification Guide for Global 

Metallurgical Coal (Appendix R2), sections of which are excerpted in the Edinburgh 

Report which was an appendix to my main proof.  As will be noted, all of the seaborne 

hard coking coals have a quoted specification on sulphur of 1% or less.  (Appendix R2, 

pages 21-22).  One can then consider the section on “Penalties and Premia for Seaborne 

HCC”.  (Appendix R2, page 25) It may be noted that (1) penalties apply to any coal 

with sulphur content higher than 0.7%, and (2) the highest sulphur content for which a 

penalty is quoted is the range 1.06-1.25% sulphur.   

2.15. In fact, 1.25% sulphur was the maximum sulphur content for metallurgical coal within 

the planning condition proposed by Cumbria County Council in March 2019.  Of 

course, that proposal (prior to amendment by WCM in spring 2020) also involved the 

production of “middlings coal” by WCM with sulphur above 2% for non-metallurgical 

purposes.  WCM has now indicated it will no longer produce such middlings coal (but 

I also understand that WCM indicates that a condition to limit the maximum or average 

sulphur specification of the coal is unnecessary).     

2.16. 1.25% sulphur content seems to be an upper limit on internationally-marketable coal, 

and as I set out in my main proof of evidence, in fact, almost all sources quote upper 

limits of 1.0 or 1.1%.  (See para 5.3 and following table).  
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2.17. It is not at all clear from this evidence that the WCM would actually be marketable as 

metallurgical coal at a sulphur content of up to 1.6%, or the claimed annual average 

figure of 1.4%.  MPI’s evidence indicates that steel mills in the EU and the UK would 

face regulatory limits that could prevent its use. To the extent that the coal is 

marketable, it therefore seems the most likely destination for much of the coal would 

be outside the UK/EU, where looser regulatory constraints on sulphur may apply.  

2.18. In my main Proof of Evidence, I established that west Cumbria coals are amongst the 

highest sulphur content in the UK, where the Main Band coal proposed to be extracted 

by WCM has a range of sulphur values from about 1.2% to 2.95%, with an average 

around 1.9%. And the Bannock Band coal has a range from 2.0% to 3.45% with an 

average of 2.6% (Edinburgh report Fig 19, Fig 20).  

2.19. As set out below in Section 3, it is not at all clear that the sulphur limits WCM indicates 

it will meet are actually achievable based on the quality of the Run of Mine coal.  But 

in any case, the evidence indicates that – even if WCM does achieve its claimed 

specifications – the coal is likely to have a sulphur content which makes it unsuitable 

for the UK and EU steel industries. 

 

Other coal specifications 
 

2.20. I note that the WCM coal is no longer described as “premium” metallurgical coal in 

the WM evidence, whereas in prior submissions to Cumbria County Council [e.g. para 

112 of WCM Statement of Case], this adjective was often applied.  This suggests that 

initial over-optimism is gradually being decreased by the reality of the measured 

properties of the coal.   

2.21. MPI’s letter notes that a number of other aspects of the WCM coal specifications – in 

addition to sulphur - are not in accordance with the specifications for HVA and HVB 

coal – for instance CSR, for which MPI states the value is “too low for the HVA and 

HVB classification.” (Appendix R1, page 16, para 5)  MPI also indicates that the coal 

specifications are incomplete and "therefore do not indicate [the WCM coal] qualifies 

as HVA or would be a suitable marketable alternative to prime quality US HVA coals.”  

(Appendix R1, page 16, para 7)   

2.22. When considering the analysis in the WM Report in relation to the costs of WCM coal 
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in a coking blend, MPI also notes that the analysis focuses solely on price but that 

“There is no guarantee that any of the blends containing WCM will produce coke of 

the same quality as, or better than, the benchmark blend. So, value-in-use, which is far 

more important to the ironmaking process overall, has not been considered.”  

(Appendix R1, page 18, final para)  If the blend with WCM exceeds regulatory 

emissions limits on sulphur or produces an inferior product, it is very unlikely that UK 

and EU steelmakers would choose to use WCM coal.  

 

Javelin Global Commodities 
 

2.23. WCM also relies partially on evidence that there is a market for the coal by citing 

Javelin Global Commodities (UK) Ltd and appending a letter indicating that Javelin 

has entered into an “exclusive marketing … arrangement” whereby it will market 100% 

of WCM’s production.  [WCM/MAK/1 at para 11.9; WCM/MAK/2 p 79] 

2.24. At Appendix R3 are the Financial Statements for Javelin Global Commodities (UK) 

Ltd for the year ended 31 December 2019 (the most recent available), obtained from 

Companies House.  These indicate that Javelin markets coal globally in many regions, 

with their largest market being in Asia.  (Appendix R3, page 67) 

 

3 BENEFICIATION / COAL PROCESSING 

3.1. I noted in my main proof that it was not clear whether the coal handling and processing 

plant (CHPP) processes and conditions proposed by WCM now are the same as the 

CHPP proposed at the time of the October 2020 Committee meeting (SLACC/SH/1 

para 7.5) 

3.2. Some minor further details have now been provided at WCM/MAK/1 paras 7.1 – 7.15. 

3.3. It appears from the letter from Parnaby Cyclones exhibited to Mr Kirkbride’s proof 

[WCM/MAK/2, page 71] that WCM received a “finalised plant design and flow 

diagram” on 7 May 2020.   However, I understand that this has never been disclosed, 

including in response to requests for details of the Coal Handling and Processing Plant 

by SLACC’s solicitors on 10 June 2021, 5 July 2021, and 24 July 2021. 

3.4. It is not possible on the information provided to consider whether the specifications of 
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the product coal are achievable (as discussed above) or to consider the potential 

environmental impacts that could arise from the coal handling, processing, and paste 

and backfill process.  I addressed these potential impacts in my main proof, and I have 

seen nothing further to indicate that they have been considered. (See SLACC/SH/1 

Section 8). 

 

4 CARBON CAPTURE AND SEQUESTRATION 

 

4.1. Carbon Capture and Storage is one of my main topics of research and development 

expertise, and during the past 17 years I have developed close professional 

partnerships with academic researchers, research to solve problems for commercial 

developers, and commentary and advice on policy directions and regulation for BEIS 

(UK Government Department of Energy). I can therefore provide relevant and 

authoritative opinion on current and future directions. 

4.2. WM discuss the possibility of CCS being fitted onto Blast Furnace plant which 

produces primary iron as a feed to steel making. Their assertion appears to be that 

CCS has not been introduced successfully because it is expensive and technically 

difficult [WCM/JT-2 Para 1.51-1.59].  But WM also comment that costs are expected 

to decline. They argue that some unspecified type of advances and cost reductions in 

CCS technology will support a large increase in its application to steel making in the 

future (para 1.58). That depends on steel makers being expected to continue investing 

in CCS which will support the continuation of BF-BOF steel production in Europe 

(para 1.59).  

4.3. WM cite the Arcelor Mittal process recently published, in which part of iron making 

CO2 emissions are converted to alcohol (WCM/JT/2 Para 1.52), which is then sold 

off-site.  It is a mistake to define this as CCS. By contrast this is clearly Utilisation of 

waste CO2, to make a chemical which can be profitably sold.  That does not store the 

carbon emitted from the iron and steel making site, but merely moves it off the steel 

making site. Investigations to decarbonise existing Blast Furnace processes are 

progressing only slowly and it remains uncertain that significant progress will be 

made before 2050 Net Zero. 
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4.4. It is clear that the decarbonisation of UK industry is being driven by climate policies, 

such as the UK Government’s interim climate target of 78% decrease of CO2e 

emissions against a 1990 baseline. [CD 8.21] Similar policies in the EU mean that the 

gradual and protracted pathway to decarbonise current iron and steel making 

processes using efficiency improvements and CCS proposed in Wood Mackenzie’s 

Base Case Scenario (JT2/2 Para 1.62) is very unlikely to be accepted by Government 

policy in the UK or EU.  

4.5. I concur with (Nilsson SLACC/LN/1) that an increasing amount of steel in Europe 

will be supplied by recycled steel, purified in electric arc furnaces (EAF). In addition 

the industrial scale operation of hydrogen based Direct Reduced Iron (H-DRI) has 

recently been achieved by SSAB/LKAB and Vattenfall in August 20211, with the 

intention of full industrial scale by late 2026. This is a significant achievement, 

providing confidence for other developers to follow.2 

4.6. MPI’s letter (Appendix R1, page 14, next to last para) states that coking coal or even 

high carbon coal is not necessary for Electric Arc Furnaces – so new steel can be made 

with different sources of carbon3.  MPI also indicates that Europe is accelerating a 

switch to low carbon EAF that it considers that the WM evidence is “at odds with data 

from other relevant sources that show much more EAF production”. (Appendix R1, 

page 15, first two paragraphs) 

4.7. Wood Mackenzie’s AET2.0 scenario (JT2/2 para 1.72- 1.78), with a fall in emissions 

from the global steel industry of 47% by 2040, does refer to increased use of EAF 

and DRI technology. This scenario is said to require 30% of residual carbon 

emissions from residual steel production methods to be captured and stored (around 

325Mtpa). (WCM/JT/2 para 1.74) However, this scenario is not considered in Mr 

Truman’s proof, and the % carbon emissions captured by CCS or CCUS is 

insufficient to meet the climate policy imperatives, or the pace of change required.  

4.8. A clear pathway is now available commercially to eliminate the need for Blast 

 
1 Appendix R4 (SH/3 page 82); SSAB, 18 Aug 2021, The world’s first fossil free steel ready for delivery, SAAB 
Website. https://www.ssab.co.uk/news/2021/08/the-worlds-first-fossilfree-steel-ready-for-delivery.  
2 Appendix R5 (SH/3 page 85); Noor, D. 21 Aug 2021 Behold, carbon free steel now exists. Gizmodo Website 
https://gizmodo.com/behold-carbon-free-steel-now-exists-1847524486.  
3 Appendix R6 (SH/3 page 88); Echterhof, T. Review on the Use of Alternative Carbon Sources in EAF 
Steelmaking. Metals 2021, 11, 222. https://doi.org/10.3390/met11020222.  
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Furnaces and eliminate the need to use metallurgical coal as a reagent to make coke, 

and as a heat source. This will eliminate any UK industrial iron facilities which 

cannot decarbonise by other methods. The UK market for metallurgical coal will 

disappear. I also concur that a method of solving emissions is to change the industrial 

process, to emit less CO2,     

4.9. Similar transitions are occurring in steel making worldwide. The major steel making 

corporations of the world are individually making pledges of significant 

decarbonisation before 2030, and net zero operations by 2050. Decarbonisation could 

in principle be firstly by Carbon Capture and Storage, but the Global CCS Institute 

shows no plans for major projects (likely due to the technical difficulty and expense 

and incomplete nature of CO2 capture from iron and steel making).  

4.10. The alternative route of major process change to use hydrogen as a reagent with no 

requirement for CCS appears to be favoured by many of the world’s largest steel 

companies. This topic is covered more comprehensively in Lars Nilsson’s evidence.  

4.11. While CCS and CCUS are important technologies, there is no evidence that they will 

be the preferred or primary route for decarbonisation of steel making, particularly in 

Europe. 

 
 

Declaration 

The evidence which I have prepared and provide for this appeal reference 

APP/H0900/V/21/3271069 in this proof of evidence is true, and I confirm that the opinions 

expressed are my true opinions. 
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Maggie Mason 
South Lakes Action on Climate Change 
maggiem.mason@gmail.com 

31 August 2021 

Critique of Wood Mackenzie Report on Steel and Metallurgical Coal 

Dear Ms Mason, 

Materials Processing Institute (the Institute) has been requested to review and critique sections of 
a report prepared by Wood Mackenzie on behalf of West Cumbria Mining (WCM), dated 10th 
August 2021 and titled; Steel and Metallurgical Coal – Expert Report, ref WCM/JT/2. 

Materials Processing Institute 

The Materials Processing Institute is a research and innovation centre serving global steel and 
materials organisations that work in advanced materials, industrial decarbonisation, the circular 
economy, and digital technologies. The Institute offers research, consultancy and training 
services from its campus in Teesside, delivering expert advice and new technology to the steel 
industry internationally. 

The Institute has served as the UK’s national steel innovation centre since 1944 having been set 
up by Sir Winston Churchill’s wartime government just before D-Day to equip the British steel 
industry for post-war reconstruction.  It celebrated its 75th anniversary in 2019. 

Through collaboration with its customers, the Institute provides a range of technology and R&D 
based services and consultancy. It also has pilot and demonstration facilities. 

Works with: steel, metals and alloys, chemical processes, aerospace and defence, energy, mining 
and quarrying, construction, rail, transport, and infrastructure, offshore, subsea, and nuclear. 

The Institute’s views and expert opinions are recorded against the JT/2 paragraph numbers, as 
follows: 

1.18  “Coal used in EAFs does not require coking properties, therefore thermal coal can be 
used.” - Clarification: The EAF requirement is for high calorific value (CV) carbon to 
provide additional heat for the process, therefore crushed/powdered high rank coal or 
anthracite, or other forms of carbon can be used. Thermal coal can be used provided it 
meets all the other process quality requirements. Metallurgical coal is not required, per se. 

1.19 “EAF production accounted for 27% of global steel production in 2020” – Yes, although it 
accounted for 42% in EU28 (i.e. incl. UK), and 48% when including Turkey. 

APPENDIX R1 to SLACC/SH/3
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1.29  Process route assumptions for steel production to 2049 seems to be at odds with data 
from other relevant sources that show much more EAF production. 

1.33  See comment on 1.29: Europe is accelerating the switch to EAF and current BFs will be 
replaced as they reach end of life. 

1.34  “The use of high-quality iron ore (high Fe and low gangue contents) can reduce the coke 
requirements of the blast furnace, allowing lower fuel rates and emissions.” - Iron ore 
quality is declining globally, so this assumption is optimistic. By 2049, metallurgical coal 
demand is expected to be much lower than indicated in the chart. 

1.35  We disagree with the report’s assumptions about coal demand. Note that Sweden is 
“hidden” in rest of Europe, so their move to zero coal use is not expressed. 

1.39  See comment on 1.29 

2.5  “Low-volatile coals provide most of the coke strength, while high-volatile coals allow good 
blending and porosity to the coke.” - Not quite. LV coals in the blend contribute to higher 
coke strength. HV coals improve blend fluidity and aid interaction between the coals 
during carbonisation. What is “good porosity”? 

Table 2.1: The definitions here are very poor and show a lack of understanding of the parameters 
being measured and what they mean. For example, CSN is Crucible Swelling Number, which 
shows the extent to which a coal is likely to expand on the application of heat. It is not a reactivity 
measurement and some hard coking coals from Australia, Canada and Southern Africa can have 
CSN values in the range 5-7. Also, vitrinite reflectance is the true measure of rank, not just an 
indicator, as volatile matter content is. 

Table 2.2: Quality of the data in general 

It is unacceptable to quote the values for the Proximate Analysis as plain percentage figures. The 
basis on which they are calculated must be given, i.e.: 

1. as received (%ar) – sample tested still contains moisture, as only equilibrated to the lab
conditions.

2. dry basis (%db) – values corrected for moisture content, after removal, by drying in
nitrogen at 100 °C.

3. dry ash free basis (%daf) – values corrected for moisture and ash content.

The values in the table appear to be dry basis. 

It is unacceptable to steelmakers to quote “<1.5 % sulphur”. An actual figure or range must be 
given. 

CSR is quoted, but the Coke Reactivity Index, CRI, must also be given as this parameter is just 
as important and is used to assess coal and coke quality. 

15
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Table 2.2: Comments on WCM coal quality: 

Ash – Low, desirable for a good quality coal. On a par with US HVA coals. 

Volatile Matter – Typical of a HVA coal. 

Sulphur – High, undesirable for a good quality coal. UK carboniferous coals generally have higher 
total sulphur contents than their US equivalents. This led to them being phased out of use as 
prime metallurgical coals in the early 1980’s as high sulphur emissions from coke plants in the 
UK, in the form of H2S, caused acid rain formation that severely damaged the environment in 
Scandinavia and northern Europe. Consequently, the Environment Agency imposed restrictions 
on the use of high sulphur coals for cokemaking. At Scunthorpe, for example, the cokemaking 
operations are constrained on S input, meaning the use of an individual coal in the blend with total 
S above 0.8 %db is not permitted (a limiting value of 0.75 %db is used to ensure compliance). 
Cost penalties for S content are irrelevant in this situation. To meet S emissions limits for coke 
plants across Europe, similar legislative constraints are applied, and again cost is not the issue. 

CSR – Poor and needs to be quoted with the corresponding CRI value from the test. The value 
quoted is too low for the HVA and HVB classification. We know that the CRI value will also be too 
high for both HVA and HVB. 

Ash chemistry – Incomplete for a full appraisal. The values quoted are acceptable, especially 
considering the low ash content of the coal. The calcium oxide value is high and it would be 
necessary for the magnesium oxide value to be provided to help give a meaningful appraisal of 
alkaline earth element content. Alkali metals are not quoted. These are important as their 
presence in the coke has severe adverse impact on Blast furnace (BF) operations and also carry 
a cost penalty. 

Summary of comments on Table 2.2: The WCM Coal specifications, as stated, are incomplete 
and therefore do not indicate it qualifies as HVA or would be a suitable marketable alternative to 
prime quality US HVA coals.  

2.7  “The high fluidity allows the coal to liquefy and act as a binder in a coke blend.” - 
Incorrect: Coals do not fully liquefy in the true sense of the word and HV coals do not form 
a binder for the coke matrix. Rather, the fluidity exhibited by HV coals aids the interaction 
of individual coals in the blend and promotes the formation of the liquid crystal phase 
responsible for the formation of the crystalline coke structure by stabilising free radicals 
formed by bond breaking as the coals decompose on heating. By comparison, a LV coal 
will have a limited degree and temperature range of fluidity because of more rapid cross-
linking and bond forming during carbonisation. 

“The high VM content lowers the yield of solid coke, but provides output gas and liquids, which 
are captured or processed on site for sale or recycled at the mill.” - Not really relevant: Yes, coke 
yield is reduced, but by-product yield is a consequence of overall blend VM content. Hence, a 
target blend VM is used to control coke yield, along with coke oven charging density and moisture 
content. 
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2.8  “High Vol A (i.e. high fluidity, low ash and good ash chemistry) are occasionally priced at 

parity, or even at a premium, to the benchmark Australian LV HCC on an FOB basis.” - 
Incorrect: The benchmark coal against which all other prices are derived will always be the 
most expensive on the market as it is the coal capable of forming high quality metallurgical 
coke. We have never seen the price of a HVA coal exceed the benchmark. 

 
2.9  “Other high-volatile coals in several countries (notably from the Kuzbass and South 

Yakutiya basins in the Central and Far East of Russia) mostly have lower fluidity and 
higher ash content,” - These are inferior quality HV coals and are not classified as HVA, so 
if WCM want to show their coal is better than these, why have they not included their data 
in the assessment? 

 
2.10  “West Cumbria Mining’s coking coal exhibits almost all of the key parameters used to 

designate HVA quality.” - Key statement. But not ALL the HVA parameters, just some. 
Which you could say of any coal if you cherry pick the right parameters you want. 

 
“Fluidity: At 30,000 ddpm, the maximum fluidity is comparable to US HVA coking coals. This is 
one of the most important quality characteristics of the West Cumbria product. High-volatile coals 
with strong fluidity in the blend allows steel companies greater flexibility to select other coals to 
include. It allows the coals to blend better into a good coke. The most common equipment used to 
measure fluidity are only able to measure up to 30,000 ddpm (i.e. it is at the top of the range).” - 
True to an extent. Coal interaction in a blend during carbonisation is extremely complex and 
single coal fluidity alone does not confer good coking properties or improved performance in 
carbonisation. Also, some instruments can measure beyond 30,000 ddpm, but US specs and the 
ASTM test only specify 30,000 as the maximum and do not recognise values above this, even if 
they can be measured. 
 
“CSN: The CSN is the most basic test to determine a coal’s ability to form coke.” - Incorrect: It just 
demonstrates the coal’s ability to swell. Some high CSN coals do not make high quality coke and 
some low CSN coals do. 
 
“Sulphur: At <1.5%, the sulphur content is higher than the normal spec at coke plants. Using this 
coal in the blend would require adjusting the overall sulphur content by including other coals with 
lower sulphur levels. Since most European mills use a portion of Australian coals, which average 
0.5% to 0.6% sulphur in the blend, we believe these mills can use West Cumbria Coal in their 
blends.” - Quite an assumption, especially if the S content is at 1.5 %db, rather than this vague, 
“less-than” figure, and sulphur constraints operate as per Scunthorpe steel works. 
 
“Phosphorus: The phosphorus is extremely low, which will help offset the higher sulphur in 
marketing and price discussions.” - Incorrect: The 2 issues are not linked. S is mainly 
environmental. P is metal chemistry. S is total in the whole coal, P is only in the mineral matter 
and not such an issue, as mineral matter content is low. 
 
“Ash chemistry: This is acceptable, with low elements which contribute to coke degradation 
(Fe2O3, and CaO,).” Partially correct: Other elements in the ash are just as, if not more, important 
and are not reported (Na, K, Mg). 
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2.12  “We view the expected sulphur content of West Cumbria Mining’s product at <1.5% to be 
marketable to European steel mills. We believe the typical sulphur spec for steel mills in 
the region are <1.0%. Therefore, the company would be required to pay a penalty for 
exceeding that mark. However, most companies use a significant amount of Australian 
coal in their blends, which have sulphur contents ranging between 0.5% and 0.6%. So, 
cokemakers should be able to maintain an acceptable overall sulphur level in their blend 
to produce good-quality coke. The penalty on sulphur would be somewhat balanced by a 
premium for having extremely low ash and phosphorus content.” - Superficial: Cost and 
price penalties are not the issue with S. Environmental legislation is the driver. High S 
coals are prohibited. 

Operating Cost Analysis 

Projections to 2029 are very difficult to fully justify as global coal prices have in the past 
proved very volatile. Supply and demand can be hit by a number of factors that are 
impossible to predict with any degree of accuracy. So, the hypotheses put forward in this 
section need to be treated with a degree of scepticism. 

2.32  Seems to assume business as usual right up to 2049 for the UK and the rest of Europe. Is 
this justified? We think not. 

Figure 2.6 Shows a blip in the usual price range trend due to a political decision made by China. 
Nothing to do with supply and demand to the rest of the world, or quality. This illustrates 
the point on pricing projections mentioned above. 

2.38  The pricing of the WCM product will have no impact whatsoever on the benchmark global 
price of metallurgical coal. 

2.39 “Historically, the maximum discount of the US HVA price to the PLV HCC price has been 
valued at ~15%, outside of times of serious supply disruption (e.g. Australian cyclones).” - 
Serious supply disruption of Australian coals significantly impacts the price and supply of 
predominantly MV and LV hard coking coals, the major products exported from there. HV 
prices usually remain fairly consistent. 

2.41 to 2.46 Concentrate solely on potential blend price and savings against a standard blend. 
There is no guarantee that any of the blends containing WCM will produce coke of the same 
quality as, or better than, the benchmark blend. So, value-in-use, which is far more important to 
the ironmaking process overall, has not been considered. 
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All assessments employ Platts Assessments Methodology, as 
published at https://www.spglobal.com/platts/plattscontent/_
assets/_files/en/our-methodology/methodology-specifications/
platts-assessments-methodology-guide.pdf. 

The TSI index methodology can be found here https://www.
spglobal.com/platts/en/our-methodology/methodology-
specifications/coal/tsi-coking-coal-index-methodology.

These guides are designed to give Platts subscribers as much 
information as possible about a wide range of methodology and 
specification questions.

This specifications guide is current at the time of publication. 
Platts may issue further updates and enhancements to this 
guide and will announce these to subscribers through its usual 
publications of record. Such updates will be included in the next 
version of this guide. Platts editorial staff and managers are 
available to provide guidance when assessment issues require 
clarification.

Platts metallurgical coal price assessments are timestamped; 
the time and location are noted below unless otherwise stated in 
the specification:

Asia Pacific: 5.30 pm Singapore

Atlantic: 4.30 pm London

The TSI PHCC index is published at 6.30 pm Singapore, or at 

2.00 pm Singapore on the last working day before Christmas 
(December 25), New Year’s Day (January 1) and the Lunar New 
Year. 

Platts publishes daily numbers for seven generic grades of 
coking coal globally, two for PCI coal, one for semi-soft coking 
coal and four for metallurgical coke, for locations of loading/
delivery detailed in the table below. Platts also assesses 17 
individual brand relativities daily on a CFR China basis and 11 
on FOB Australia basis, as well as a range of metallurgical coal 
and coke grades on a weekly basis in the domestic Chinese 
market. Platts also publishes six weekly brand relativities on 
an FOB Hampton Roads basis. Sulfur, ash, volatile matter and 
phosphorus are specified on an air-dried basis throughout this 
guide, unless marked otherwise. 

$/mt FOB CFR CFR FOB CFR 
Australia China India China NW Europe

Peak Downs Region n n n

Premium Low Vol n n n	 n

HCC 64 Mid Vol n n n

Low Vol PCI n n n

Mid Tier PCI n n n

Semi Soft n n n

Met Coke - - n	 n

Met Coke 66/65 - - - n

Peak Downs FOB n	

(China Netback)
Premium Low Vol FOB n	

(China Netback)

FOB 
USEC 

Low Vol n

High-Vol A HCC n

High-Vol B HCC n

Glossary

A: Ash 

AD: Air-dried

AR: As received

CSN: Crucible swelling number 

CSR: Coke strength after reaction 

CRI: Coke reactivity index

CV: calorific value 

DAF: Dry ash free basis 

DDPM: Dial division per minute (maximum fluidity)

FSI: Free swelling index

GAD: Gross air dried 

HGI: Hardgrove grindability index 

MMR Ro Max: Mean max reflectance

S: Sulfur

TD: Total dilatation 

TM: Total moisture

VM: Volatile matter

DEFINItIONS OF thE tRADING LOCAtIONS FOR WhICh PLAttS PUBLIShES INDEx AND ASSESSmENtS

ASSESSED SPECIFICAtIONS
CSR Vm Ash S P tm Fluidity

Peak Downs Region: 74% 20.70% 10.50% 0.60% 0.03% 9.50% 400

Premium Low Vol: 71% 21.50% 9.30% 0.50% 0.045% 9.70% 500

HCC 64 Mid Vol: 62% 21.50% 8.00% 0.45% 0.06% 10.50% 100
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SEABORNE hARD COkING COAL
Assessment CODE mavg Wavg Rolling month type Published Page Quality Quantity Incoterms Location timing Payment UOm

Australia
HCC Peak Downs FOB 
Australia

HCCGA00 HCCGA03 Assessment Daily 205 74% CSR, 20.7% VM, 9.5% TM, 10.5% ash, 0.6% sulfur, 0.03% 
phosphorus, 400 ddmp max fluidity, 8.5 CSN, 71% vitrinite, 
1.42% Ro Max, particle size 50 mm max

Min 10,000 mt FOB Hay Point, 
Australia

Loading 7-45 
days forward

L/C at 
sight

$/mt

Premium Low Vol HCC FOB 
Australia

PLVHA00 PLVHA03 Assessment Daily 205 71% CSR, 21.5% VM, 9.7% TM, 9.3% ash, 0.5% sulfur, 0.045% 
phosphorus, 500 ddpm max fluidity, 65% vitrinite

Min 10,000 mt FOB Hay Point, 
Australia

Loading 7-45 
days forward

L/C at 
sight

$/mt

TSI Premium Hard Coking 
Coal Australia Export FOB 
East Coast Port

TS01034 TSMBH03 TSMBV03 Index Daily 205 71% CSR, 21% VM, 10% TM, 10% ash, 0.45% sulfur, 0.05% 
phosphorus, 600 ddpm fluidity, 68% vitrinite, 1.35% Rvmax, FSI 
8, totdal dilatation 80%, paricle size below 55 mm for at least 
90% of the cargo

Min 15,000 mt FOB East Coast 
Port, Australia

Loading 7-60 
days forward

L/C at 
sight

$/mt

Hard Coking Coal FOB 
Australia

HCCAU00 HCCAU03 HCCAU04 Assessment Daily 205 62% CSR, 21.5% VM, 10.5% TM, 8% ash, 0.45% sulfur, 0.06% 
phosphorus, 100 ddpm max fluidity, 52% vitrinite

Min 10,000 mt FOB Hay Point, 
Australia

Loading 7-45 
days forward

L/C at 
sight

$/mt

TSI Hard Coking Coal 
Australia Export FOB East 
Coast Port

TS01035 TSMBI03 Calculation Daily 205 62% CSR, 21.5% VM, 10.5% TM, 8% ash, 0.45% sulfur, 0.06% 
phosphorus, 100 ddpm max fluidity, 52% vitrinite

Min 10,000 mt FOB Hay Point, 
Australia

Loading 7-45 
days forward

L/C at 
sight

$/mt

HCC Peak Downs FOB 
Australia (China Netback)

HCCGD00 Calculation Daily 205 74% CSR, 20.7% VM, 9.5% TM, 10.5% ash, 0.6% sulfur, 0.03% 
phosphorus, 400 ddmp max fluidity, 8.5 CSN, 71% vitrinite, 
1.42% Ro Max, particle size 50 mm max

Min 10,000 mt FOB Hay Point, 
Australia

Loading 7-45 
days forward

L/C at 
sight

$/mt

Prem Low Vol HCC FOB 
Australia (China Netback)

PLVHD00 Calculation Daily 205 71% CSR, 21.5% VM, 9.7% TM, 9.3% ash, 0.5% sulfur, 0.045% 
phosphorus, 500 ddpm max fluidity, 65% vitrinite

Min 10,000 mt FOB Hay Point, 
Australia

Loading 7-45 
days forward

L/C at 
sight

$/mt

China
Hard Coking Coal Peak Downs 
CFR China

HCCGC00 HCCGC03 Assessment Daily 205 74% CSR, 20.7% VM, 9.5% TM, 10.5% ash, 0.6% sulfur, 0.03% 
phosphorus, 400 ddmp max fluidity, 8.5 CSN, 71% vitrinite, 
1.42% Ro Max, 50 mm max

Min 10,000 mt CFR Qingdao, ChinaDelivered 20-65 
days forward

L/C at 
sight

$/mt

TSI Prem JM25 Coking Coal 
China Imports CFR Jingtang 
Port 

TS01044 TSMBR03 TSMBW03 Calculation Daily 205 71% CSR, 21.5% VM, 9.7% TM, 9.3% ash, 0.5% sulfur, 0.045% 
phosphorus, 500 ddpm max fluidity, 65% vitrinite

Min 10,000 mt CFR Qingdao, ChinaDelivered 20-65 
days forward

L/C at 
sight

$/mt

Premium Low Vol HCC CFR 
China

PLVHC00 PLVHC03 Assessment Daily 205 71% CSR, 21.5% VM, 9.7% TM, 9.3% ash, 0.5% sulfur, 0.045% 
phosphorus, 500 ddpm max fluidity, 65% vitrinite

Min 10,000 mt CFR Qingdao, ChinaDelivered 20-65 
days forward

L/C at 
sight

$/mt

Hard Coking Coal CFR China HCCCH00 HCCCH03 HCCCH04 Assessment Daily 205 62% CSR, 21.5% VM, 10.5% TM, 8% ash, 0.45% sulfur, 0.06% 
phosphorus, 100 ddpm max fluidity, 52% vitrinite

Min 10,000 mt CFR Qingdao, ChinaDelivered 20-65 
days forward

L/C at 
sight

$/mt

TSI Hard JM25 Coking Coal 
China Imports CFR Jingtang 
Port 

TS01045 TSMBS03 Calculation Daily 205 62% CSR, 21.5% VM, 10.5% TM, 8% ash, 0.45% sulfur, 0.06% 
phosphorus, 100 ddpm max fluidity, 52% vitrinite

Min 10,000 mt CFR Qingdao, ChinaDelivered 20-65 
days forward

L/C at 
sight

$/mt

India
HCC Peak Downs CFR India HCCGI00 HCCGI03 Assessment Daily 205 74% CSR, 20.7% VM, 9.5% TM, 10.5% ash, 0.6% sulfur, 0.03% 

phosphorus, 400 ddmp max fluidity, 8.5 CSN, 71% vitrinite, 
1.42% Ro Max, 50 mm max

Min 10,000 mt CFR Paradip, India Delivered 20-65 
days forward

L/C at 
sight

$/mt

Premium Low Vol HCC CFR 
India

PLVHI00 PLVHI03 Assessment Daily 205 71% CSR, 21.5% VM, 9.7% TM, 9.3% ash, 0.5% sulfur, 0.045% 
phosphorus, 500 ddpm max fluidity, 65% vitrinite

Min 10,000 mt CFR Paradip, India Delivered 20-65 
days forward

L/C at 
sight

$/mt

Hard Coking Coal CFR India HCCIN00 HCCIN03 HCCIN04 Assessment Daily 205 62% CSR, 21.5% VM, 10.5% TM, 8% ash, 0.45% sulfur, 0.06% 
phosphorus, 100 ddpm max fluidity, 52% vitrinite

Min 10,000 mt CFR Paradip, India Delivered 20-65 
days forward

L/C at 
sight

$/mt
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Seaborne hard Coking Coal

Australia 
Price assessments

PLVHA00 - Premium Low Vol HCC FOB Australia 

HCCGA00 - Peak Downs Region HCC FOB Australia  

Premium Low Vol and Peak Downs® assessments on an FOB 
Australia basis reflect the spot transactable value at the close 
of the assessment period on the day of publishing. These 
assessments are based on FOB Australia export inputs, provided 
that these meet Platts’ editorial standards. Delivered indications, 
netted back to an FOB Australia basis, may be considered to 
test against FOB indications, provided that these inputs reflect 
sufficient price consistency and repeatability for multiple 
destinations. The Platts freight assessment used for the back-
calculation of delivered price indications will depend on freight 
market dynamics.  

Price index

TS01034 - TSI Premium Hard Coking Coal FOB East Coast Port 
Australia

TSI’s Premium Hard Coking Coal reference price is calculated as 
a weighted-average index on an FOB East Coast Port Australia 
for Australian exports. Relevant ports for the FOB East Coast 
Port Australia reference prices include the Queensland ports 
of Dalrymple Bay, Hay Point, Gladstone and Abbot Point; and 
in New South Wales: Newcastle and Port Kembla. Market 
data submitted for transactions with specifications in the 
following ranges are considered and normalized to the standard 
specifications defined in this guide:

Volatile Matter (ad): 18.0% min – 25.0% max inclusive

Ash (ad):  11.0% max

Total Moisture (ar): 12.0% max

Sulphur (ad): 0.80% max

Phosphorous (ad): 0.09% max

Rvmax: 1.15% min

Fluidity: no upper limit

FSI: 7 min

CSR: 67% min

Total Dilatation: no restriction

Vitrinite: 50% min 

Payment:  
All payment terms are normalized to ‘At sight’

Price assessments

HCCAU00 - HCC 64 mid vol FOB Australia  

TS01035 - TSI Hard Coking Coal Australia Export FOB East Coast 
Port 

These assessments are published at parity, following the merger 
of some of the Platts and TSI metallurgical coal price series, 
effective June 2018. Platts uses pricing information on FOB 
Australia basis, but may also consider delivered indications in 
key consumer markets basis CFR China, India, Europe, Japan or 
South Korea, Taiwan netted back to FOB Australia basis using 
assessed Panamax spot freight rates for dry bulk carriers, 
provided that these inputs reflect sufficient price consistency 
and repeatability for multiple destinations. Platts publishes 
daily Panamax spot freight rates between Hay Point port in East 

SEABORNE hARD COkING COAL
Assessment CODE mavg Wavg Rolling month type Published Page Quality Quantity Incoterms Location timing Payment UOm

US*
Low Vol Hard Coking Coal FOB 
USEC

AAWWR00 AAWWR03 Assessment Daily 1049 58% CSR, 19.25% VM, 8% TM, 8.25% ash, 0.95% sulfur Min 10,000 mt FOB Hampton 
Roads, US

Loading 14-60 
days forward

L/C at 
sight

$/mt

High Vol A Coking Coal FOB 
USEC

AAWWS00 AAWWS03 Assessment Daily 1049 32.25% VM, 8% TM, 7.5% ash, 0.95% sulfur, 30,000 ddpm max 
fluidity, 1.05 MMR, 220% dilatation

Min 10,000 mt FOB Hampton 
Roads, US

Loading 14-60 
days forward

L/C at 
sight

$/mt

High Vol B Coking Coal FOB 
USEC

AAWWT00 AAWWT03 Assessment Daily 1049 36% VM, 8% TM, 8% ash, 1% sulfur, 25,000 ddpm max fluidity, 
0.95 MMR, 160% dilatation

Min 10,000 mt FOB Hampton 
Roads, US

Loading 14-60 
days forward

L/C at 
sight

$/mt

* all relevant specification dry basis

Europe
Premium Low Vol HCC CFR 
NWE 

PLVHE00 PLVHE03 Calculation Daily 205 71% CSR, 21.5% VM, 9.7% TM, 9.3% ash, 0.5% sulfur, 0.045% 
phosphorus, 500 ddpm max fluidity, 65% vitrinite

Min 10,000 mt CFR Rotterdam, 
Netherlands

Delivered 52-90 
days forward

L/C at 
sight

$/mt
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Australia and Qingdao port in North China, and from Hay Point 
port in East Australia to Paradip port in East India.  

Price assessments

PLVHD00 - Hard Coking Coal (Premium Low Vol) FOB Australia 
(China Netback)

HCCGD00 - Hard Coking Coal (Peak Downs Region) FOB Australia 
(China Netback)

These freight netback values are calculated by taking the HCC 
Premium Low Vol CFR China assessment (PLVHC00) and HCC 
Peak Downs Region CFR China assessment (HCCGC00), and 
subtracting the Platts daily Panamax spot freight rate from Hay 
Point, Australia, to Qingdao, China (CDBFA00).

China
Price assessments

PLVHC00 - Premium Low Vol CFR China 

HCCGC00 - Peak Downs Region CFR China 

HCCCH00 - HCC 64 Mid Vol CFR China  

These prices are assessed on the basis of indications received 
on CFR China basis and reflect the spot transactable value at 
the close of the assessment period on the day of publishing. 
Loaded indications on an FOB basis netted forward to a CFR 
China basis may also be considered to test against CFR 
indications.

Price assessments  

TS01044 - TSI Prem JM25 Coking Coal China Imports CFR 
Jingtang Port 

TS01045 - TSI Hard JM25 Coking Coal China Imports CFR 
Jingtang Port 

Following the merger of some of the TSI and Platts metallurgical 
coal price series effective June 2018, TSI Prem JM25 Coking Coal 
China Imports CFR Jingtang Port assessment is published at 
parity with Premium Low Vol CFR China (PLVHC00); and TSI Hard 
JM25 Coking Coal China Imports CFR Jingtang Port is published 
at parity with HCC 64 Mid Vol CFR China (HCCCH00), 

India 
Price assessments

PLVHI00 - Premium Low Vol CFR India

HCCGI00 - Peak Downs Region CFR India

HCCIN00 - HCC 64 Mid Vol CFR India

The Peak Downs Region, Premium Low Vol and HCC 64 Mid Vol 
assessments on CFR India basis are calculated as a sum of 
respective FOB Australia assessments and a Panamax dry bulk 
freight on the Australia-India route (CDBFAI0).

US
Price assessments

AAWWR00 - Low Vol Hard Coking Coal FOB US East Coast 

AAWWS00 - High Vol A Hard Coking Coal FOB US East Coast 

AAWWT00 - High Vol B Hard Coking Coal FOB US East Coast

US Low Vol, US High Vol A and US High Vol B Coking Coal indicate 
the price at which a spot cargo could be traded on a FOB US East 
Coast basis at the close of the assessment period on the day 
of publishing. Spot price bids/offers or trades in key consumer 
markets basis CFR Europe, Brazil, China, India or Japan/Korea/
Taiwan may be netted back to FOB US East Coast basis using 
assessed spot freight rates for dry bulk carriers on the day of 
assessment, for comparison with spot prices basis FOB US East 
Coast. For netback calculations from CFR destinations, differing 
Capesize, Panamax and Handymax freight rates are taken into 
consideration. Platts assessments also take into account Hard 
Coking Coal demand/supply fundamentals in the US, Australia 
and key consumer markets. 

Europe
Price assessments

PLVHE00 - Prem Low Vol HCC CFR NWE

Premium Low Vol Hard Coking Coal CFR NW Europe represents 
a delivered spot price for Australian Premium Low Vol (PLVHA00) 
in Northwest Europe, calculated by adding daily Platts Capesize 
freight assessment between Hay Point, Queensland and 
Rotterdam (CDBUR00) to the Australian benchmark.
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Seaborne PCI Coal

Australia
Price assessments

MCLVA00 - Low Vol PCI FOB Australia 

MCLAA00 - Mid-Tier PCI FOB Australia

These prices are assessed on the basis of indications received 
on FOB Australia basis and reflect the spot transactable value 
at the close of the assessment period on the day of publishing. 
Platts uses pricing information on FOB Australia basis, but may 
also consider delivered indications in key consumer markets 
basis CFR China, India, Europe, Japan or South Korea, Taiwan 
netted back to FOB Australia basis using assessed Panamax 
spot freight rates for dry bulk carriers, provided that these inputs 

reflect sufficient price consistency and repeatability for multiple 
destinations. Platts also monitors the opportunity cost of high 
quality Australian PCI, which may be derived by observing spot 
trades of run-of-mine material and through energy-adjusted 
calculations relating to thermal coal prices.

China
Price assessments:  

MCLVC00 - Low Vol PCI CFR China 

MCLAC00 - Mid-Tier PCI CFR China

These prices are assessed on the basis of indications received 
on CFR China basis and reflect the spot transactable value at 
the close of the assessment period on the day of publishing. 
Loaded indications on an FOB basis netted forward to a CFR 

China basis may also be considered to test against CFR 
indications. Besides price points for PCI, Platts may also take 
into consideration daily price movements in the thermal coal 
markets.

India
Price assessments:  

MCLVI00 - Low Vol PCI CFR India 

MCVAI00 - Mid-Tier PCI CFR India 

The CFR India price are net forwards, calculated as a sum of 
respective FOB Australia assessments and a Panamax dry bulk 
freight on the Australia-India route (CDBFAI0).

SEABORNE PCI COAL
Assessment CODE mavg type Published Page Quality Quantity Incoterms Location timing Payment UOm

Australia
Low Vol PCI FOB Australia MCLVA00 MCLVA03 Assessment Daily 205 13% VM, 8.5% ash, 0.55% sulfur, 7,800 kcal/kg (GAD), 78 

HGI, 10% TM, 90.5% total carbon (DAF)
Min 10,000 mt FOB Hay Point, 

Australia
Loading 7-45 days 
forward

L/C at sight $/mt

Mid Tier PCI FOB Australia MCLAA00 MCLAA03 Assessment Daily 205 15% VM, 12% ash, 0.55% sulfur, 80 HGI, 10% TM, 1 CSN Min 10,000 mt FOB Hay Point, 
Australia

Loading 7-45 days 
forward

L/C at sight $/mt

China
Low Vol PCI CFR China MCLVC00 MCLVC03 Assessment Daily 205 13% VM, 8.5% ash, 0.55% sulfur, 7,800 kcal/kg (GAD), 78 

HGI, 10% TM, 90.5% total carbon (DAF)
Min 10,000 mt CFR Qingdao, China Delivered 20-65 days 

forward
L/C at sight $/mt

Mid Tier PCI CFR China MCLAC00 MCLAC03 Assessment Daily 205 15% VM, 12% ash, 0.55% sulfur, 80 HGI, 10% TM, 1 CSN Min 10,000 mt CFR Qingdao, China Delivered 20-65 days 
forward

L/C at sight $/mt

India
Low Vol PCI CFR India MCLVI00 MCLVI03 Assessment Daily 205 13% VM, 8.5% ash, 0.55% sulfur, 7,800 kcal/kg (GAD), 78 

HGI, 10% TM, 90.5% total carbon (DAF)
Min 10,000 mt CFR Paradip, India Delivered 20-65 days 

forward
L/C at sight $/mt

Mid Tier PCI CFR India MCVAI00 MCVAI03 Assessment Daily 205 15% VM, 12% ash, 0.55% sulfur, 80 HGI, 10% TM, 1 CSN Min 10,000 mt CFR Paradip, India Delivered 20-65 days 
forward

L/C at sight $/mt
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PENALtIES AND PREmIA FOR SEABORNE hCC
Assessment CODE mavg type Published Page Quality Quantity Incoterms Location Payment UOm

Asia-Pacific
CSR per 1% as % PLV FOB Australia CPCSA00 Assessment Daily 205 Penalty/premia applied for 60-71% Coal Strength After Reaction min 10,000 mt FOB Hay Point, Australia L/C at sight %
CSR per 1% PLV $/Mt CPCSP00 Assessment Daily 205 Penalty/premia applied for 60-71% Coal Strength After Reaction min 10,000 mt FOB Hay Point, Australia L/C at sight $/mt
Sulfur per  0.1% PLV $/Mt FOB 
Australia

CPSPA00 Assessment Daily 205 Penalty/premia applied for 0.3-1% Sulfur min 10,000 mt FOB Hay Point, Australia L/C at sight %

Sulfur per 0.1% PLV $/Mt CPSPV00 Assessment Daily 205 Penalty/premia applied for 0.3-1% Sulfur min 10,000 mt FOB Hay Point, Australia L/C at sight $/mt
VM per 1% as % PLV FOB Australia CPVPA00 Assessment Daily 205 Penalty/premia applied for 18-27% Volitile Matter min 10,000 mt FOB Hay Point, Australia L/C at sight %
VM per 1% PLV $/Mt CPVMP00 Assessment Daily 205 Penalty/premia applied for 18-27% Volitile Matter min 10,000 mt FOB Hay Point, Australia L/C at sight $/mt
TM per 1% as % PLV FOB Australia CPTPA00 Assessment Daily 205 Penalty/premia applied for 8-11% Total Moisture min 10,000 mt FOB Hay Point, Australia L/C at sight %
TM per 1% PLV $/Mt CPTMP00 Assessment Daily 205 Penalty/premia applied for 8-11% Total Moisture min 10,000 mt FOB Hay Point, Australia L/C at sight $/mt
Ash per 1% as % PLV FOB Australia CPAPA00 Assessment Daily 205 Penalty/premia applied for 7-10.5% Ash min 10,000 mt FOB Hay Point, Australia L/C at sight %
Ash per 1% PLV $/Mt CPPAP00 Assessment Daily 205 Penalty/premia applied for 7-10.5% Ash min 10,000 mt FOB Hay Point, Australia L/C at sight $/mt

Atlantic
CSR per 1% as % US LV FOB USEC CPPBA00 Assessment Daily 1049 Penalty/premia applied for 50-64% Coal Strength After Reaction min 10,000 mt FOB Hampton Roads, US L/C at sight %
CSR per 1% US LV FOB USEC $/mt CPPBB00 CBBBB03 Assessment Daily 1049 Penalty/premia applied for 50-64% Coal Strength After Reaction min 10,000 mt FOB Hampton Roads, US L/C at sight $/mt
CSR per 1% as % US LV FOB USEC CPPBC00 Assessment Daily 1049 Penalty premia applied for 40-49% Coal Strength After Reaction min 10,000 mt FOB Hampton Roads, US L/C at sight %
CSR per 1% US LV FOB USEC $/mt CPPBD00 CPPBD03 Assessment Daily 1049 Penalty premia applied for 40-49% Coal Strength After Reaction min 10,000 mt FOB Hampton Roads, US L/C at sight $/mt
Sulfur per 0.1% as % US LV FOB USEC CPPBE00 Assessment Daily 1049 Penalty premia applied for 0.7-1.05% Sulfur min 10,000 mt FOB Hampton Roads, US L/C at sight %
Sulfur per 0.1% US LV FOB USEC $/mt CPPBF00 CPPBF03 Assessment Daily 1049 Penalty premia applied for 0.7-1.05% Sulfur min 10,000 mt FOB Hampton Roads, US L/C at sight $/mt
Sulfur per 0.1% as % US LV FOB USEC CPPBG00 Assessment Daily 1049 Penalty premia applied for 1.06-1.25% Sulfur min 10,000 mt FOB Hampton Roads, US L/C at sight %
Sulfur per 0.1% US LV FOB USEC $/Mt CPPBH00 CPPBH03 Assessment Daily 1049 Penalty premia applied for 1.06-1.25% Sulfur min 10,000 mt FOB Hampton Roads, US L/C at sight $/mt
TM per 1% as % US LV FOB USEC CPPBK00 Assessment Daily 1049 Penalty premia applied for 6-11% Total Moisture min 10,000 mt FOB Hampton Roads, US L/C at sight %
TM per 1% US FOB USEC LV $/mt CPPBL00 CPPBL03 Assessment Daily 1049 Penalty premia applied for 6-11% Total Moisture min 10,000 mt FOB Hampton Roads, US L/C at sight $/mt
Ash per 1% as % US LV FOB USEC CPPBI00 Assessment Daily 1049 Penalty premia applied for 5-10% Ash min 10,000 mt FOB Hampton Roads, US L/C at sight %
Ash per 1% US LV FOB USEC $/mt CPPBJ00 CPPBJ03 Assessment Daily 1049 Penalty premia applied for 5-10% Ash min 10,000 mt FOB Hampton Roads, US L/C at sight $/mt
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BRAND RELAtIVItIES
Assessment Code mavg type Published Page Quality Quantity Incoterms Location timing Payment UOm

China
Carborough Downs MCBAO00 MCBAO03 Assessment Daily 1064 as per typical specifications Min 10,000 mt CFR Qingdao, China Delivered 20-65 days forward L/C at sight $/mt
German Creek MCBAC00 MCBAC03 Assessment Daily 1064 as per typical specifications Min 10,000 mt CFR Qingdao, China Delivered 20-65 days forward L/C at sight $/mt
Goonyella C MCBAI00 MCBAI03 Assessment Daily 1064 as per typical specifications Min 10,000 mt CFR Qingdao, China Delivered 20-65 days forward L/C at sight $/mt
Goonyella MCBAE00 MCBAE03 Assessment Daily 1064 as per typical specifications Min 10,000 mt CFR Qingdao, China Delivered 20-65 days forward L/C at sight $/mt
GLV MCBAF00 MCBAF03 Assessment Daily 1064 as per typical specifications Min 10,000 mt CFR Qingdao, China Delivered 20-65 days forward L/C at sight $/mt
Illawarra MCBAH00 MCBAH03 Assessment Daily 1064 as per typical specifications Min 10,000 mt CFR Qingdao, China Delivered 20-65 days forward L/C at sight $/mt
Lake Vermont MCBAN00 MCBAN03 Assessment Daily 1064 as per typical specifications Min 10,000 mt CFR Qingdao, China Delivered 20-65 days forward L/C at sight $/mt
Middlemount Coking MCBAP00 MCBAP03 Assessment Daily 1064 as per typical specifications Min 10,000 mt CFR Qingdao, China Delivered 20-65 days forward L/C at sight $/mt
Moranbah North MCBAG00 MCBAG03 Assessment Daily 1064 as per typical specifications Min 10,000 mt CFR Qingdao, China Delivered 20-65 days forward L/C at sight $/mt
Oaky North MCBAR00 MCBAR03 Assessment Daily 1064 as per typical specifications Min 10,000 mt CFR Qingdao, China Delivered 20-65 days forward L/C at sight $/mt
Peak Downs MCBAA00 MCBAA03 Assessment Daily 1064 as per typical specifications Min 10,000 mt CFR Qingdao, China Delivered 20-65 days forward L/C at sight $/mt
Peak Downs North MCBAJ00 MCBAJ03 Assessment Daily 1064 as per typical specifications Min 10,000 mt CFR Qingdao, China Delivered 20-65 days forward L/C at sight $/mt
Poitrel Semi Hard MCBAQ00 MCBAQ03 Assessment Daily 1064 as per typical specifications Min 10,000 mt CFR Qingdao, China Delivered 20-65 days forward L/C at sight $/mt
Riverside MCRVR00 MCRVR03 Assessment Daily 1064 as per typical specifications Min 10,000 mt CFR Qingdao, China Delivered 20-65 days forward L/C at sight $/mt
Saraji MCBAB00 MCBAB03 Assessment Daily 1064 as per typical specifications Min 10,000 mt CFR Qingdao, China Delivered 20-65 days forward L/C at sight $/mt

Australia
German Creek HCGCA00 HCGCA03 Assessment Daily 1064 as per typical specifications Min 10,000 mt FOB Australia Loading 7-45 days forward L/C at sight $/mt
Goonyella C HCGNA00 HCGNA03 Assessment Daily 1064 as per typical specifications Min 10,000 mt FOB Australia Loading 7-45 days forward L/C at sight $/mt
Goonyella HCGOA00 HCGOA03 Assessment Daily 1064 as per typical specifications Min 10,000 mt FOB Australia Loading 7-45 days forward L/C at sight $/mt
GLV HCHCA00 HCHCA03 Assessment Daily 1064 as per typical specifications Min 10,000 mt FOB Australia Loading 7-45 days forward L/C at sight $/mt
Illawarra HCIWA00 HCIWA03 Assessment Daily 1064 as per typical specifications Min 10,000 mt FOB Australia Loading 7-45 days forward L/C at sight $/mt
Moranbah North HCMOA00 HCMOA03 Assessment Daily 1064 as per typical specifications Min 10,000 mt FOB Australia Loading 7-45 days forward L/C at sight $/mt
Oaky North HCOKA00 HCOKA03 Assessment Daily 1064 as per typical specifications Min 10,000 mt FOB Australia Loading 7-45 days forward L/C at sight $/mt
Peak Downs HCPDA00 HCPDA03 Assessment Daily 1064 as per typical specifications Min 10,000 mt FOB Australia Loading 7-45 days forward L/C at sight $/mt
Peak Downs North HCPNA00 HCPNA03 Assessment Daily 1064 as per typical specifications Min 10,000 mt FOB Australia Loading 7-45 days forward L/C at sight $/mt
Riverside HCRVA00 HCRVA03 Assessment Daily 1064 as per typical specifications Min 10,000 mt FOB Australia Loading 7-45 days forward L/C at sight $/mt
Saraji HCSAA00 HCSAA03 Assessment Daily 1064 as per typical specifications Min 10,000 mt FOB Australia Loading 7-45 days forward L/C at sight $/mt

Atlantic
Blue Creek No. 7 MCAPB04 MCAPB03 Assessment Weekly 1065 as per typical specifications Min 10,000 mt FOB Mobile, US Gulf Loading 14-60 days forward L/C at sight $/mt
Blue Creek No. 4 MCAPC04 MCAPC03 Assessment Weekly 1065 as per typical specifications Min 10,000 mt FOB Mobile, US Gulf Loading 14-60 days forward L/C at sight $/mt
Beckley MCAPD04 MCAPD03 Assessment Weekly 1065 as per typical specifications Min 10,000 mt FOB Hampton Roads, USEC Loading 14-60 days forward L/C at sight $/mt
Windber MCAPE04 MCAPE03 Assessment Weekly 1065 as per typical specifications Min 10,000 mt FOB Hampton Roads, USEC Loading 14-60 days forward L/C at sight $/mt
Buchanan MCAPF04 MCAPF03 Assessment Weekly 1065 as per typical specifications Min 10,000 mt FOB Hampton Roads, USEC Loading 14-60 days forward L/C at sight $/mt
*Brand specifications available upon request
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Platts metallurgical Coal Relativities

The published metallurgical coal brands values are assessed 
by Platts and are not affiliated with or sponsored by the brand 
owners. The brand specifications Platts uses are typical, based 
on information gathered from various sources, including but not 
limited to; brand owners public documents, market participant 
feedback and engagement. The specifications are constantly 
monitored and updated as changes become apparent.

APAC 

Platts daily metallurgical coal assessments and relativities table 
provides daily price assessments for various qualities of coking 
coal including Platts benchmark grades, Premium Low Vol 
and the Mid Vol marker HCC 64 Mid Vol. The price information 
provided is determined mostly from transactional data and spot 
market assessments, but also where applicable from theoretical 
calculations using value-in-use (VIU). 

Platts assesses VIU penalties and premia to help track the 
relative values of several coal qualities. In calculating a 
theoretical value-in-use, Platts may apply linear penalties and 
premia within a certain range for coke strength after reaction 

(CSR), volatile matter, total moisture, ash and sulphur and 
non-linear adjustments for phosphorus, maximum fluidity and 
vitrinite percentage. Platts may also apply other penalties and 
premia on an ad-hoc basis to account for additional quality or 
commercial factors.

However, market observations have a stronger bearing on the 
relativities than VIU calculations, and theoretical VIU-based 
relativities are recalibrated by observing spot market data 
including bids, offers and trades for specific brands, and by 
observing the tradable or traded spreads between these brands.

The final assessed value is a combination of the observed 
market activity, the editorial evaluation of the coal attributes and 
the results offered by the calculations. Particular market events 
and specific circumstances may also have an influence on the 
market for coking coal or individual grades. Platts observes and 
monitors all relevant market information for consideration in its 
assessments.

US 

Platts publishes values for Beckley, Buchanan and Windber 
brands on FOB Hampton Roads basis; and Blue Creek No.7 and 

Blue Creek No. 4 on FOB Mobile, Alabama basis. The US brand 
relativities reflect a laycan period of 14-60 days forward. Sulfur, 
ash, volatile matter and phosphorus for US brands are specified 
on a dry basis.

Platts assesses US metallurgical coal relativities based on 
the information gathered from the market. In the absence 
of confirmed bids, offers and transactions, Platts calculates 
prices for Beckley, Buchanan and Windber brands by applying 
the published penalty and premia for CSR, moisture, ash and 
sulfur to the US East Coast Low-Vol HCC (AAWWR00). For the 
Blue Creek No. 7 and Blue Creek No. 4 brands, in line with the 
common trading terms for these coals, Platts may use FOB 
Australia premium coking coal indices (PLVHA00 and TS01035) 
and take into account the forward curve values for typical 
laycans,. 

The US relativities table is published on Friday or the closest 
prior business day of the week in the event of a UK public 
holiday.

.
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Semi-Soft Coking Coal

Australia
Price assessments

MCSSA00 – Semi-Soft Coking Coal FOB Australia

Platts publishes the transactable value for Semi-Soft Coking 
Coal, indicating the price at which a cargo could be traded at the 
close of the assessment period on the day of publishing. Platts 
uses pricing information on FOB Australia basis, but may also 
consider delivered indications in key consumer markets basis 
CFR China, India, Europe, Japan or South Korea, Taiwan netted 
back to FOB Australia basis using assessed Panamax spot 
freight rates for dry bulk carriers, provided that these inputs 

reflect sufficient price consistency and repeatability for multiple 
destinations. Besides price points for semi-soft coking coal, 
Platts may also take into consideration daily price movements in 
the thermal coal markets.

China
Price assessments

MCSSC00 – Semi-Soft Coking Coal CFR China 

Platts publishes the transactable value for Semi-Soft Coking 
Coal, indicating the price at which a cargo could be traded at 
the close of the assessment period on the day of publishing. 
Platts uses pricing information on CFR China basis, but loaded 
indications on an FOB basis netted forward to a CFR China basis 

may also be considered to test against CFR indications. Besides 
price points for semi-soft coking coal, Platts may also take into 
consideration daily price movements in the thermal coal markets.

India 
Price assessments

MCSSI00 - Semi-Soft Coking Coal CFR India 

Platts publishes the transactable value for Semi-Soft Coking 
Coal, indicating the price at which a cargo could be traded at the 
close of the assessment period on the day of publishing. The CFR 
India price are net forwards, calculated as a sum of respective 
FOB Australia assessments and a Panamax dry bulk freight on 
the Australia-India route (CDBFAI0).

SEmI-SOFt COkING COAL
Assessment CODE mavg type Published Page Quality Quantity Incoterms Location timing Payment UOm
Semi Soft FOB Australia MCSSA00 MCSSA03 Assessment Daily 205 34% VM, 9.5% TM, 9.25% ash, 0.58% sulfur, 0.025% phosphorus, 53% 

fixed carbon, 200 ddpm max fluidity, 5.5 CSN
Min 10,000 mt FOB Hay Point, Australia Loading 7-45 

days forward
L/C at sight $/mt

Semi Soft CFR China MCSSC00 MCSSC03 Assessment Daily 205 34% VM, 9.5% TM, 9.25% ash, 0.58% sulfur, 0.025% phosphorus, 53% 
fixed carbon, 200 ddpm max fluidity, 5.5 CSN

Min 10,000 mt CFR Qingdao, China Delivered 20-65 
days forward

L/C at sight $/mt

Semi Soft CFR India MCSSI00 MCSSI03 Assessment Daily 205 34% VM, 9.5% TM, 9.25% ash, 0.58% sulfur, 0.025% phosphorus, 53% 
fixed carbon, 200 ddpm max fluidity, 5.5 CSN

Min 10,000 mt CFR Paradip, India Delivered 22-65 
days forward

L/C at sight $/mt
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mEtALLURGICAL COkE
Assessment CODE mavg Wavg type Frequency Page Quality Quantity Incoterms Location timing Payment UOm

China (Seaborne)
Coke 12.5% Ash FOB Tianjin China AAWVL00 AAWVL03 AAWVL04 Assessment Daily 205 64/62% CSR, 12.5% ash, 0.65% sulfur, 82% min Micum 40, 

8% max Micum 10, 30-80 mm size,25-26% CRI, 5% TM
Min 10,000 mt FOB Tianjin, China Loading 7-45 

days forward
L/C at sight $/mt

Met Coke 66/65 CSR FOB North China MCCNC00 MCCNC03 Assessment Daily 205 66/65% CSR, 12.5% ash, 0.65% sulfur, 84% min Micum 40, 
7% max Micum 10, 30-90 mm size,25% CRI, 5% TM

Min 10,000 mt FOB Tianjin, China Loading 7-45 
days forward

L/C at sight $/mt

Met Coke 65/63 CSR FOB North China MCCHB00 MCCHB03 Assessment Daily 205 65/63% CSR, 12.5% ash, 0.65% sulfur, 82% min Micum 40, 
8% max Micum 10, 30-80 mm size, 25%-26% CRI, 5% TM

Min 10,000 mt FOB Tianjin, China Loading 7-45 
days forward

L/C at sight $/mt

Met Coke 62/60 CSR FOB North China MCCHA00 MCCHA03 Assessment Daily 205 62/60% CSR, 12.5% ash, 0.65% sulfur, 82% min Micum 40, 
8% max Micum 10, 30-80 mm size, 25%-26% CRI, 5% TM

Min 10,000 mt FOB Tianjin, China Loading 7-45 
days forward

L/C at sight $/mt

China (Domestic)
Coke 12.5% Ash DDP North China 
Yuan/mt

AAWVJ00 AAWVJ03 AAWVJ04 Assessment Weekly 1052 62% CSR, 12.5% ash, 0.65% sulfur, 82% min Micum 40, 8% 
max Micum 10, 30-80 mm size,25-26% CRI, 5% TM

Min 300 mt DDP Tangshan, China Dispatched 
within 30 
days

L/C 90 days Yuan/
mt

Coke 12.5% Ash DDP North China AAWVK00 AAWVK03 AAWVK04 Calculation Weekly 1052 62% CSR, 12.5% ash, 0.65% sulfur, 82% min Micum 40, 8% 
max Micum 10, 30-80 mm size,25-26% CRI, 5% TM

Min 300 mt DDP Tangshan, China Dispatched 
within 30 
days

L/C 90 days $/mt

Met Coke 62% CSR FOB North China 
Equivalent

PLVHM04 PLVHM03 Assessment Weekly 1052 62% CSR, 12.5% ash, 0.65% sulfur, 82% min Micum 40, 8% 
max Micum 10, 30-80 mm size,25-26% CRI, 5% TM

NA FOB North China NA NA $/mt

Met Coke 62% CSR Export-Domestic 
FOB North China Differential

PLVHN04 PLVHN03 Calculation Weekly 1052 NA NA NA NA NA NA $/mt

India (Seaborne)
Met Coke CFR East India MCCEI00 MCCEI03 Assessment Daily 205 64/62% CSR, 12.5% ash, 0.65% sulfur, 82% min Micum 40, 

8% max Micum 10, 30-80 mm size,25-26% CRI, 5% TM
Min 5,000 mt CFR Paradip, India Delivered 

22-65 days 
forward

L/C at sight $/mt

Met Coke 66/65 CSR CFR India MCCNI00 MCCNI03 Assessment Daily 205 66/65% CSR, 12.5% ash, 0.65% sulfur, 84% min Micum 40, 
7% max Micum 10, 30-90 mm size,25% CRI, 5% TM

Min 10,000 mt CFR Paradip, India Delivered 
22-65 days 
forward

L/C at sight $/mt

Met Coke 65/63 CSR CFR India MCINB00 MCINB03 Assessment Daily 205 65/63% CSR, 12.5% ash, 0.65% sulfur, 82% min Micum 40, 
8% max Micum 10, 30-80 mm size, 25%-26% CRI, 5% TM

Min 10,000 mt CFR Paradip, India Delivered 
22-65 days 
forward

L/C at sight $/mt

Met Coke 62/60 CSR CFR India MCINA00 MCINA03 Assessment Daily 205 62/60% CSR, 12.5% ash, 0.65% sulfur, 82% min Micum 40, 
8% max Micum 10, 30-80 mm size, 25%-26% CRI, 5% TM

Min 10,000 mt CFR Paradip, India Delivered 
22-65 days 
forward

L/C at sight $/mt
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metallurgical Coke

China
Price assessments

MCCNC00 - Met Coke 66/65 CSR FOB North China 

MCCHB00 - Met Coke 65/63 CSR FOB North China 

AAWVL00 - Met Coke FOB North China 

MCCHA00 - Met Coke 62/60 CSR FOB North China 

These prices reflect transactable values on an FOB North 
China basis at the close of the assessment period on the day 
of publishing. The CSR range for each assessment refers to the 
“minimum guaranteed/rejection” range, for example, met coke 
with a 66%/65% CSR refers to a minimum 66% CSR guaranteed, 
with rejection for CSR below 65%. Met Coke FOB North China 
(AAWVL00) assessment specifies a minimum 64% CSR 
guaranteed, with rejection for CSR below 62%. 

Domestic Chinese
Price assessments

AAWVJ00 - Met Coke DDP North China Yuan/mt

AAWVK00 - Met Coke DDP North China $/mt

PLVHM04 - Met Coke 62% CSR FOB North China Equivalent 
Weekly

PLVHN04 - Met Coke 62% CSR Export-Domestic FOB North 
China Differential 

Platts publishes the transactable value for Met Coke on a DDP 
North China basis at the close of the assessment period on 
Friday. The price is assessed in Yuan/mt and is also converted 
into $/mt. 

The Met Coke 62% CSR FOB North China Equivalent is a 
calculation from the domestic DDP China coke assessment 
(AAWVJ00), normalized for payment terms, logistics cost and 
exchange rate to FOB North China basis. In addition to the 

outright price, Platts also publishes its differential to Platts 
64/62% CSR Met Coke FOB North China assessment (AAWVL00). 

India
Price assessments:  

MCCNI00 - Met Coke 66/65 CSR CFR India 

MCINB00 - Met Coke 65/63 CSR CFR India 

MCCEI00 - Met Coke CFR East India 

MCINA00 - Met Coke 62/60 CSR CFR India

These prices reflect the transactable value of Met Coke on a 
CFR East India basis at the close of the assessment period on 
the day of publishing. The CSR range for each assessment refers 
to the “minimum guaranteed/rejection” range, for example, 
met coke with a 66%/65% CSR refers to a minimum 66% CSR 
guaranteed, with rejection for CSR below 65%. Met Coke CFR 
East India (MCCEI00) assessment specifies a minimum 64% 
CSR guaranteed, with rejection for CSR below 62%. 
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Derivatives

Platts publishes daily assessments for monthly, quarterly and 
calendar year TSI PHCC derivatives. These financial instruments 
are traded at a fixed price or in intermonth spreads. These 
derivatives settle off the average value of the underlying physical 
price TSI index for PHCC FOB Australia (TS01034), as published 
on each day during the month of trade. Platts publishes 
derivatives assessments for three months ahead, called month 
one (Mo01), second month (Mo02) and third month (Mo03). 
Platts also publishes assessments for the next three calendar 
quarterly derivatives, and for the next two calendar years. 
Monthly assessments roll on the first day of the month. Quarters 

are defined as calendar quarters, for example Q3 refers to July, 
August and September. Quarterly derivatives assessments roll 
four times a year on the first business days of January, April, July 
and October. A year is defined as a calendar year, for example 
2020, i.e. from the first to the last business working day in that 
year.

For example, during October 2019 the Mo01 coking coal 
derivative is November 2019, Mo02 is December 2019, Mo03 is 
January 2020, while the first published quarterly derivative is Q1 
2020. On November 1, the Mo01 coking coal derivative rolls to 
December, Mo02 rolls to January, Mo03 rolls to February and the 
quarterly derivative remains Q1 2020.

DERIVAtIVES
Assessment CODE mavg type Frequency Page Quality Quantity Location timing UOm
TSI Premium Hard Coking Coal FOB Australia Derivative Mo01 MCPLM01 MCPLM13 Assessment Daily 1113 Basis TSI PHCC FOB Australia index NA NA First month after month of prevailing index date $/mt
TSI Premium Hard Coking Coal FOB Australia Derivative Mo02 MCPLM02 MCPLM23 Assessment Daily 1113 Basis TSI PHCC FOB Australia index NA NA Second month after month of prevailing index date $/mt
TSI Premium Hard Coking Coal FOB Australia Derivative Mo03 MCPLM03 MCPLM33 Assessment Daily 1113 Basis TSI PHCC FOB Australia index NA NA Third month after month of prevailing index date $/mt
TSI Premium Hard Coking Coal FOB Australia Derivative Qr01 MCPLQ01 MCPLQ13 Assessment Daily 1113 Basis TSI PHCC FOB Australia index NA NA First quarter after month of prevailing index date $/mt
TSI Premium Hard Coking Coal FOB Australia Derivative Qr02  MCPLQ02 MCPLQ23 Assessment Daily 1113 Basis TSI PHCC FOB Australia index NA NA Second quarter after month of prevailing index date $/mt
TSI Premium Hard Coking Coal FOB Australia Derivative Qr03 MCPLQ03 MCPLQ33 Assessment Daily 1113 Basis TSI PHCC FOB Australia index NA NA Third quarter after month of prevailing index date $/mt
TSI Premium Hard Coking Coal FOB Australia Derivative Yr01 MCPLY01 MCPLY13 Assessment Daily 1113 Basis TSI PHCC FOB Australia index NA NA First calendar year after month of prevailing index date $/mt
TSI Premium Hard Coking Coal FOB Australia Derivative Yr02 MCPLY02 Assessment Daily 1113 Basis TSI PHCC FOB Australia index Second calendar year after month of prevailing index date $/mt
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DOmEStIC ChINESE
Assessment CODE mavg Wavg type Frequency Page QUALItY QUANtItY INCOtERmS LOCAtION tImING PAYmENt UOm

Ex-Washing Plant
PCC Met Shanxi Premium Low Vol 
Ex-washing plant

PCCMA04 PCCMA03 Assessment Weekly 1050 68% CSR, 16.9% VM (ad), 9.3% ash (ad), 8% TM (ar), 0.6% 
sulfur (ad), 85 G-value

Min 1,000 mt Ex-washing 
plant

Lvliang, Shanxi, 
China

Loading in 
3-30 days

L/C 180 
days

Yuan/
mt

PCC Met Shanxi High Sulfur Premium 
Low Vol Ex-washing plant

PCCMD04 PCCMD03 Assessment Weekly 1050 68% CSR, 19.5% VM (ad), 10.8% ash (ad), 8% TM (ar), 1.6% 
sulfur (ad), 85 G-value

Min 1,000 mt Ex-washing 
plant

Lvliang, Shanxi, 
China

Loading in 
3-30 days

L/C 180 
days

Yuan/
mt

PCC Met Shanxi PCI Ex-washing plant PCCMH04 PCCMH03 Assessment Weekly 1050 9.3% VM (ad), 10.8% ash (ad), 8% TM (ar), 0.5% sulfur (ad) Min 1,000 mt Ex-washing 
plant

Changzhi, Shanxi, 
China

Loading in 
3-30 days

L/C 180 
days

Yuan/
mt

PCC Met Shandong Semi Soft 
Ex-washing plant

PCCMK04 PCCMK03 Assessment Weekly 1050 29.6% VM (ad), 8.3% (ad), 8% TM (ar), 0.6% sulfur (ad), 70 
G-value

Min 1,000 mt Ex-washing 
plant

Jining, Shandong, 
China

Loading in 
3-30 days

L/C 180 
days

Yuan/
mt

Free-on-Rail
PCC Met Shanxi Premium Low Vol Free-
on-Rail

PCCMB04 PCCMB03 Assessment Weekly 1050 68% CSR, 16.9% VM (ad), 9.3% ash (ad), 8% TM (ar), 0.6% 
sulfur (ad), 85 G-value

Min 1,000 mt Free-on-rail Lvliang, Shanxi, 
China

Loading in 
3-30 days

L/C 180 
days

Yuan/
mt

PCC Met Shanxi High Sulfur Premium 
Low Vol Free-on-Rail

PCCME04 PCCME03 Assessment Weekly 1050 68% CSR, 19.5% VM (ad), 10.8% ash (ad), 8% TM (ar), 1.6% 
sulfur (ad), 85 G-value

Min 1,000 mt Free-on-rail Lvliang, Shanxi, 
China

Loading in 
3-30 days

L/C 180 
days

Yuan/
mt

PCC Met Shanxi PCI Free-on-Rail PCCMI04 PCCMI03 Assessment Weekly 1050 9.3% VM (ad), 10.8% ash (ad), 8% TM (ar), 0.5% sulfur (ad) Min 1,000 mt Free-on-rail Changzhi Shanxi, 
China

Loading in 
3-30 days

L/C 180 
days

Yuan/
mt

PCC Met Shandong Semi Soft Free-
on-Rail

PCCML04 PCCML03 Assessment Weekly 1050 29.6% VM (ad), 8.3% (ad), 8% TM (ar), 0.6% sulfur (ad), 70 
G-value

Min 1,000 mt Free-on-rail Jining, Shandong, 
China

Loading in 
3-30 days

L/C 180 
days

Yuan/
mt

DDP tangshan
PCC Met Shanxi Premium Low Vol DDP 
Tangshan

PCCMC04 PCCMC03 Assessment Weekly 1050 68% CSR, 16.9% VM (ad), 9.3% ash (ad), 8% TM (ar), 0.6% 
sulfur (ad), 85 G-value

Min 1,000 mt DDP Tangshan, China Loading in 
3-30 days

L/C 180 
days

Yuan/
mt

Met Coal Prem Low Vol Shanxi CFR 
China Equivalent

PLVHJ04 PLVHJ03 Calculation Weekly 1050 68% CSR, 16.9% VM (ad), 9.3% ash (ad), 8% TM (ar), 0.6% 
sulfur (ad), 85 G-value

NA CFR China NA NA $/mt

Met Coal Prem Low Vol Import-Shanxi 
CFR China Differential

PLVHK04 PLVHK03 Calculation Weekly NA NA NA NA NA NA $/mt

PCC Met Shanxi High Sulfur Premium 
Low Vol DDP Tangshan

PCCMF04 PCCMF03 Assessment Weekly 1050 68% CSR, 19.5% VM (ad), 10.8% ash (ad), 8% TM (ar), 1.6% 
sulfur (ad), 85 G-value

Min 1,000 mt DDP Tangshan, China Loading in 
3-30 days

L/C 180 
days

Yuan/
mt

PCC Met North China Fat Coal DDP 
Tangshan

PCCMG04 PCCMG03 Assessment Weekly 1050 55% CSR, 25.4% VM (ad), 9.8% ash (ad), 8% TM (ar), 1.2% 
sulfur (ad), 90 G-value

Min 1,000 mt DDP Tangshan, China Loading in 
3-30 days

L/C 180 
days

Yuan/
mt

PCC Met Shanxi PCI DDP Tangshan PCCMJ04 PCCMJ03 Assessment Weekly 1050 9.3% VM (ad), 10.8% ash (ad), 8% TM (ar), 0.5% sulfur (ad) Min 1,000 mt DDP Tangshan, China Loading in 
3-30 days

L/C 180 
days

Yuan/
mt

Ex-Stock Jingtang
Prem Low Vol Ex-Stock Jingtang AAWZN00 AAWZN03 AAWZN04 Assessment Weekly 1062 71% CSR, 21.5% VM, 9.7% TM, 9.3% ash, 0.5% sulfur, 0.045% 

phosphorus, 500 ddpm maximum fluidity, 65% vitrinite
10,000-20,000 
mt

Ex-stock Jingtang port, 
China

Delivered 20 
days forward

Cash Yuan/
mt

HCC 64 Mid Vol Ex-Stock Jingtang AAWZP00 AAWZP03 Assessment Weekly 1062 62% CSR, 21.5% VM, 10.5% TM, 8% ash, 0.45% sulfur, 0.06% 
phosphorus, 100 ddpm max fluidity, 52% vitrinite

10,000-20,000 
mt

Ex-stock Jingtang port, 
China

Delivered 20 
days forward

Cash Yuan/
mt

CFR Jintang Equivalents
Prem Low Vol CFR Jingtang Equivalent AAWZO00 AAWZO03 Calculation Weekly 1062 71% CSR, 21.5% VM, 9.7% TM, 9.3% ash, 0.5% sulfur, 0.045% 

phosphorus, 500 ddpm maximum fluidity, 65% vitrinite
10,000-20,000 
mt

CFR Jingtang port, 
China

Delivered 20 
days forward

Cash $/mt
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Domestic Chinese Price Assessments

“PCC met” series
Price assessments:  

PCC Met Shanxi Premium Low Vol 

PCC Met Shanxi High Sulfur Premium Low Vol 

PCC Met Shanxi PCI 

PCC Met Shandong Semi Soft 

PCC Met North China Fat Coal 

PCC Met price assessments, published Wednesday, reflect 
the value of five grades of metallurgical coal in the domestic 
Chinese market on ex-wash plant Lvliang (Shanxi), free-on-rail 
Lvliang (Shanxi) and delivered, duty paid Tangshan basis in Yuan/
mt. In the absence of more specific market information, data 
from other related locations may be netted back or forward to 
normalize to the specified location basis, using prevailing rail 
and truck freight. 

Price assessments:  

PLVHJ04 - Met Coal Prem Low Vol Shanxi CFR China Equivalent 

PLVHK04 - Met Coal Prem Low Vol Import-Shanxi CFR China 
Differential 

Met Coal Prem Low Vol Shanxi CFR China Equivalent 
(PLVHJ04) is calculated on the basis of Shanxi Premium Low 
Vol DDP Tangshan (PCCMC04), normalized for payment terms, 
transportation and logistics costs and exchange rate to reach 
a CFR equivalent value. In addition to the outright value, Platts 
publishes a differential (PLVHK04) to PLV HCC CFR China daily 
price (PLVHC00).

Price assessments:  

PCCMM04 - PCC Met Rail Freight Shanxi - Tangshan 

PCCMO04 - PCC Met Truck Freight Shanxi - Tangshan 

Platts publishes two freight assessments in the domestic 
Chinese market, reflecting rail and truck transportation costs 
on Shanxi-Tangshan route in Yuan/mt. Freight from Shanxi is 
normalized to Lvliang.

Jingtang port
Price assessments:  

AAWZN00 - Premium Low Vol ex-stock Jingtang, North China 

AAWZP00 - HCC 64 mid vol ex-stock Jingtang, North China 

These assessments reflect the value of both Chinese domestic 
and imported coking coal sold for prompt and typical delivery 
in North China and at North Chinese ports in Yuan/mt, inclusive 
of VAT. Platts monitors inland spot trade flowing from mines 
directly to end-users without going through ports for pricing 
consistency, including for domestic Chinese, Mongolian and 
Russian metallurgical coal. Platts also monitors prices of 
seaborne metallurgical coal for pricing consistency.

Price assessments:  

AAWZO00 - Prem Low Vol CFR Jingtang Equivalent 

AAWZQ00 - HCC 64 Mid Vol CFR Jingtang Equivalent 

PLVHL04 - Met Coal Prem Low Vol Import-Port Stock CFR China 
Differential 

CFR Jingtang Equivalents are calculated net forwards from 
corresponding ex-stock Jingtang assessments, normalized 
for payment terms, additional transportation and logistics 
costs and exchange rate to reach a port-equivalent value. 
These assessments are published on Fridays. In addition to the 
outright price of the Premium Low Vol CFR Jingtang Equivalent, 
Platts also also publishes its weekly differential to the PLV HCC 
CFR China assessment (PLVHC00). 

DOmEStIC ChINESE
Assessment CODE mavg Wavg type Frequency Page QUALItY QUANtItY INCOtERmS LOCAtION tImING PAYmENt UOm
Met Coal Prem Low Vol Import-Port 
Stock CFR China Differential

PLVHL04 PLVHL03 Calculation Weekly 1062 71% CSR, 21.5% VM, 9.7% TM, 9.3% ash, 0.5% sulfur, 0.045% 
phosphorus, 500 ddpm maximum fluidity, 65% vitrinite

NA NA NA NA NA $/mt

HCC 64 Mid Vol CFR Jingtang 
Equivalent 

AAWZQ00 AAWZQ03 Calculation Weekly 1062 62% CSR, 21.5% VM, 10.5% TM, 8% ash, 0.45% sulfur, 0.06% 
phosphorus, 100 ddpm max fluidity, 52% vitrinite

10,000-20,000 
mt

CFR Jingtang port, 
China

Delivered 20 
days forward

Cash $/mt

Rail and truck Freight
PCC Met Rail Freight Shanxi - TangshanPCCMM04 PCCMM03 Assessment Weekly 1050 NA Min 1,000 mt NA Shanxi - 

Tangshan
Loading in 
3-30 days

L/C 180 
days

Yuan/
mt

PCC Met Truck Freight Shanxi - 
Tangshan

PCCMO04 PCCMO03 Assessment Weekly 1050 NA Min 1,000 mt NA Shanxi - 
Tangshan

Loading in 
3-30 days

L/C 180 
days

Yuan/
mt
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Dry Bulk Freight

Platts assesses freight rates for dry bulk cargoes on a variety 
of routes. Please refer to the Freight specifications guide for 
details of these assessments https://www.spglobal.com/
platts/plattscontent/_assets/_files/en/our-methodology/
methodology-specifications/freight-methodology.pdf. 

34
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REVISION hIStORY

April 2020: Platts changed US coking coal specifications, 
extended laycan period for US brand assessments and 
discontinued Oak Grove brand relativity assessment. Platts 
updated US coking coal brand methodology to include a 
combination of market survey, VIU and reference to benchmark 
indices.

February 2020: Updated to reflect the discontinuation of 
Standard and Premium CFR China, reflect the name change from 
Hail Creek to GLV. Updated the specifications for HCC 64 Mid Vol 
Ex-Stock Jingtang and HCC 64 Mid Vol CFR Jingtang Equivalent.

November 2019: Platts launched 11 FOB Australia met coal 
brand relativities and Riverside CFR China brand assessment.
Specifications Guide Annual Review was conducted and 
clarifications made. Platts clarified its approach to calculating 
netbacks, combined description of assessments with similar 
methodological approach, replaced the description of swaps 
with “derivatives”, updated links, clarified calculations of 
differentials, added missing and removed discontinued 
symbols, and made minor stylistic changes throughout. Moved 
dry bulk freight assessments into the freight guide. Added TSI 
PHCC assessment with the associated revision history, and a 
description of the European HCC assessment. Added a list of 
commonly used acronyms.

July 2019: Platts updated the guide to include the new daily met 
coke 65%/63% CSR, 62%/60% CSR assessments launched on 
January 2, 2019.

June 2019: Updated High Vol A, High Vol B and Low Vol HCC US 
East Coast price assessments’ spot loading period to 14-60 days. 
Platts completed an annual update to sections 1 to 6 of Platts 
Methodology and Specifications Guides in April 2019, and moved 
these sections into a standalone Methodology Guide.

April 2019: Updated to remove Pinnacle US brand relativity after 

discontinuation.

November 2018: Methodology & Specifications Guide Annual 
Review was conducted and clarifications made. Removed 
specifications for Asia-Pacific brand relativities and US HCC 
brand relativities which remain available upon request.

July 2018: Updated to reflect basis change of Platts derivatives 
assessments to reflect the TSI PHCC FOB Australia derivatives 
contracts. Updated to reflect discontinuations of Oaky Creek 
and Mavis Downs CFR China relativities, and the launch of Oaky 
North CFR China relativity.

June 2018: Updated to reflect merger of various TSI 
metallurgical coal indices with Platts equivalent price series.

May 2018: Updated to reflect change in China’s VAT rate.

March 2018: Platts launches Met Coke 66/65 CSR CFR India 
daily assessment.

February 2018: Platts updates its assessment for Blue Creek 
No.7 and No. 4 cited in the US brand relativities weekly series.

October 2017: Methodology & Specifications Guide Annual 
Review was conducted.

August 2017: Updates and amending unit of measurement. 

May 2017: Platts updates its assessment for Blue Creek No.4 
cited in the US brand relativities weekly series.

November 2016: Methodology & Specifications Guide Annual 
Review was conducted and clarifications made

September 2016: Platts adds the China PLV, Met Coke Price 
Differentials series.

June 2016: Platts clarifies 64/62% CSR quality for Met Coke FOB 

North China (AAWVL00) & Met Coke CFR East India (MCCEI00). 
Platts updates South 32’s Illawarra specification.

May 2016: Platts adds Premium Low Vol CFR North West Europe 
net forward. 

April 2016: Platts launches Peak Downs Region and Premium 
Low Vol FOB China Netback series. Platts changes methodology 
process for Peak Downs Region and Premium Low Vol FOB 
Australia assessments. 

March 2016: Updated to remove the upper limit for permissible 
fluidity for TSI Premium Hard Coking Coal index - FOB East Coast 
port, Australia. US brand relativities data updated.

January, 2016: US brand relativities weekly series published. 

February 2016: Teck’s Standard and Premium specifications 
revised.

December 2015: Platts launches daily metallurgical coal 
relativities.

August 2015: Platts launches PCC Met Chinese domestic 
metallurgical coal price series. 

July 2015: Platts discontinues CCI Met Chinese domestic 
metallurgical coal price series. 

April 2015: Platts launches Met Coke 66/65 CSR FOB North 
China daily assessments. 

April 2015: Platts adds methodology for CCI Met china domestic 
metallurgical coal price assessments.

April 2015: Platts renames Low Vol 12 Ash PCI to Mid-Tier PCI. 

March 2015: Platts adds details on monthly met coal relativities.
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February 2015: This methodology guide was updated to include 
further description of Platts’ processes and practices in survey 
assessment environments. 

October 2014: Platts increased the frequency of its Met Coke 
FOB North China (AAWVL00) to daily, from weekly, starting 
October 1, 2014.

July 2014: Platts revamped all Metals Methodology and 
Specification guides, including its Metallurgical Coal 
Methodology Guide, in July 2014. This revamp was completed 
to enhance the clarity and usefulness of all guides, and to 
introduce greater consistency of layout and structure across 
all published methodology guides. Methodologies for market 
coverage were not changed through this revamp, unless 
specifically noted in the methodology guide itself. 

July 2014: Platts started publishing relativities table at the end 
of the last working day of each month. Previously, since May 
2013, the table showed an average of relativities through the 
month. Since January 2014 the table represents relativities on a 
CFR China basis, rather than theoretical FOB Queensland basis.
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The world’s first fossil-free steel ready for
delivery

SSAB has now produced the world’s first fossil-free steel and delivered it to a
customer. The trial delivery is an important step on the way to a completely
fossil-free value chain for iron- and steelmaking and a milestone in the HYBRIT
partnership between SSAB, LKAB and Vattenfall.

In July, SSAB Oxelösund rolled the first steel produced using HYBRIT
technology, i.e., reduced by 100% fossil-free hydrogen instead of coal and coke,
with good results. The steel is now being delivered to the first customer, the
Volvo Group.

“The first fossil-free steel in the world is not only a breakthrough for SSAB, it
represents proof that it’s possible to make the transition and significantly reduce
the global carbon footprint of the steel industry. We hope that this will inspire
others to also want to speed up the green transition,” says Martin Lindqvist,
President and CEO of SSAB.

“Industry and especially the steel industry create large emissions but are also an
important part of the solution. To drive the transition and become the world's
first fossil-free welfare state, collaboration between business, universities and
the public sector is crucial. The work done by SSAB, LKAB and Vattenfall within
the framework of HYBRIT drives the development of the entire industry and is
an international model”, says Minister of Trade and Industry of Sweden Ibrahim
Baylan.

“It’s a crucial milestone and an important step towards creating a completely
fossil-free value chain from mine to finished steel. We’ve now shown together
that it’s possible, and the journey continues. By industrializing this technology in
the future and making the transition to the production of sponge iron on an
industrial scale, we will enable the steel industry to make the transition. This is
the greatest thing we can do together for the climate,” says Jan Moström,
President and CEO of LKAB.“It’s very pleasing that the HYBRIT partnership is
once more taking an important step forward and that SSAB can now produce the
first fossil-free steel and deliver to the customer. This shows how partnerships
and collaboration can contribute to reducing emissions and building

The world’s first fossil-free steel ready for delivery https://www.ssab.co.uk/news/2021/08/the-worlds-first-fossilfree-steel-...
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competitiveness for industries. Electrification is contributing to making fossil-
free living possible within one generation,” says Anna Borg, President and CEO
of Vattenfall.

SSAB, LKAB and Vattenfall created HYBRIT, Hydrogen Breakthrough
Ironmaking Technology, in 2016, with the aim of developing a technology for
fossil-free iron- and steelmaking. In June 2021, the three companies were able to
showcase the world’s first hydrogen-reduced sponge iron produced at HYBRIT’s
pilot plant in Luleå. This first sponge iron has since been used to produce the
first steel made with this breakthrough technology.

The goal is to deliver fossil-free steel to the market and demonstrate the
technology on an industrial scale as early as 2026. Using HYBRIT technology,
SSAB has the potential to reduce Sweden’s total carbon dioxide emissions by
approximately ten per cent and Finland’s by approximately seven per cent.

“We’ll be converting to electric arc furnace in Oxelösund as early as 2025. This is
the first production site within SSAB to make the transition, and it means that
we’ll already be cutting large amounts of carbon dioxide emissions then. This is a
major responsibility, one that we’re proud to shoulder, and it brings great
opportunities to the region,” says Johnny Sjöström, Head of SSAB Special Steels
Division.

Press Contacts:

Mia Widell, Public Relations Officer, SSAB, +46 76-527 25 01
Anders Lindberg, Group Media Relations Manager, LKAB, +46 (0)72-717 83 55
Magnus Kryssare, Press Officer, Vattenfall, +46 76 769 56 07

The world’s first fossil-free steel ready for delivery https://www.ssab.co.uk/news/2021/08/the-worlds-first-fossilfree-steel-...
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A piece of the future  - The first object from a piece of the world’s first fossil-free
steel.

“The candle holder, with its softly pleated rays beaming out from the candle,
symbolizes the light at the end of the tunnel. It is a symbol of hope. It truly is… a
piece of the future.”

Lena Bergström, Designer

The world’s first fossil-free steel ready for delivery https://www.ssab.co.uk/news/2021/08/the-worlds-first-fossilfree-steel-...

3 of 3 31/08/2021, 22:45
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On Wednesday, HYBRIT, a partnership between steel company SSAB, state-owned

mining firm LKAB, and state-owned utility Vattenfall, said it delivered the clean

steel to Swedish automaker Volvo. This was just a test run, but the firm plans to

ramp up production to commercial scale by 2026.

“The first fossil-free steel in the world is not only a breakthrough for SSAB, it

represents proof that it’s possible to make the transition and significantly reduce the

global carbon footprint of the steel industry,” Martin Lindqvist, president and CEO

of SSAB, said in a statement.

Making steel is notoriously difficult to decarbonize. The majority of production relies

on coal as a raw material feedstock and also as a fuel. HYBRIT has been working to

build out clean steel production since it was formed five years ago using renewable

power to produce hydrogen and then combining it with iron ore to create a porous

material called sponge iron. It began testing the process, which had only been

proven at a laboratory scale, last year. This past June, the venture announced it had

successfully used this process on a pilot scale. Volvo plans to experiment with the

initial batch of green steel by making prototype vehicles and parts, according to the

Guardian.

In a sea of new technologies created to take on the climate crisis, this breakthrough

is actually big news. The world relies on steel to manufacture countless goods—cars,

buildings ships, surgical materials, kitchen cutlery, you name it. According to the

International Energy Agency, the iron and steel sector is responsible for 2.8 gigatons

of carbon dioxide emissions annually, accounting for 8% of all global energy demand

and 7% of energy-related carbon emissions. If production were a country, it would

slot in as the fourth-biggest carbon polluter on Earth, sandwiched between the

European Union and India. If HYBRIT can create steel without all that pollution,

that means other entities can, too. And that needs to happen, fast.

Swedish Group Delivers the World’s First Batch of Green Steel https://gizmodo.com/behold-carbon-free-steel-now-exists-1847524486
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86



To meet the Paris Agreement target of 1.5 degrees Celsius (2.7 degrees Fahrenheit)

will require drawing down emissions more than 7% each year this decade. The world

is already falling behind that pace. While it still needs to do things like ending fossil

fuel exploration and use, speeding up the production of green steel beyond one

company could also help get things back on track. Seeing so many state-owned

ventures involved is also a reminder that strong policy and government support is

vital to speed up the transition.

READ MORE

Final No Time To Die Trailer Suggests It’s Actually

Time to Die, Mr. Bond

Swedish Group Delivers the World’s First Batch of Green Steel https://gizmodo.com/behold-carbon-free-steel-now-exists-1847524486
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Abstract: Steelmaking in the electric arc furnace (EAF), either scrap-based or based on hydrogen
direct reduced iron, will in future contribute substantially to the reduction of CO2 emissions in the
iron and steel industry. However, there still will be the need to introduce carbon into the EAF process
either to carburize the steel or to create foaming slag to improve the energy efficiency of the melting
process. So, to reach the emission reduction goals set around the world, it will be necessary to
substitute fossil charge and injection carbon used in EAF steelmaking with alternative carbon sources.
This review presents the recent research on carbon-neutral biomass-based and circular rubber or
plastics-based carbon sources and their potential to substitute fossil charge or injection carbon in the
EAF process. It also discusses the current state-of-the art and suggests further opportunities and
needs for research and development to use alternative carbon sources to produce a really green and
carbon neutral and/or fully circular steel.

Keywords: electric arc furnace (EAF); steelmaking; carbon sources; biomass; plastics

1. Introduction

Apart from the energy production sector, the iron and steel industry is one of the
biggest consumers of fossil coal around the world and therefore also one of the biggest
industrial emitters of CO2. In the countries of the European Union (EU-27, as of 2007
to 30 June 2013), between 4% and 7% of anthropogenic CO2 emissions are estimated to
be originating from iron and steel production [1]. According to the International Energy
Agency [2], the steel industries coal consumption accounts for 13.7% of the world’s total
annual production or 1.1 billion t in 2013. About 80% of this coal is coking coal for the use in
coke ovens to produce the coke needed especially in blast furnaces for iron production [3].
Up to now, only a very small part of the total energy is supplied by renewables like biomass
or waste in the iron and steel industry. In 2015, only 0.1% of the total energy sources
of the iron and steel industry in OECD (Organisation for Economic Co-operation and
Development) countries were supplied by renewables and waste [4]. For comparison,
in the non-ferrous metals industry, the share was equally low whereas in the non-metallic
minerals industry the share was as high as 7.2% which certainly can be mainly attributed
to cement kilns using all kinds of alternative fuels.

Greenhouse gas (GHG) emissions, especially CO2 emissions, are an important issue
for the steel producers because of national and international GHG emissions reduction
plans and/or emissions trading systems. The UN’s 2030 Sustainable Development Goals,
the Paris Agreement, as well as the European Green Deal all aim to improve the sustain-
ability of industrial production and to reduce CO2 emissions to combat climate change.
Within the EU Emission Trading System (ETS), which the iron and steel industry is subject
to, emission targets of 73.2% below 2005 levels have been set [5]. Now, Europe aims to reach
a 55% CO2 emission reduction until 2030 and carbon neutrality and a circular economy
by 2050 [6]. This goal cannot be achieved without the iron and steel making industry
substituting its fossil carbon consumption by renewable alternatives.
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Therefore, the research on the possibilities of a substitution of fossil coals in iron and
steelmaking is increasing more and more. The two main routes to produce steel are the
integrated blast furnace-basic oxygen furnace (BF-BOF) route and the electric steelmaking
route employing the electric arc furnace (EAF). In 2018 the BF-BOF route had a share of
the total worldwide crude steel production of 70.7% while EAF steelmaking accounted
for 28.9%. However, looking at specific regions the share of EAF steelmaking can be a lot
higher. In the EU 41.5% and in North America about 67% of the steel was produced in
the EAF route in 2018 [7]. The integrated BF-BOF route is characterized by the two-step
process to first produce iron as liquid hot metal in the BF, which is then processed into
steel in the BOF. The EAF route, on the other hand, is characterized by the use of mainly
solid materials, like scrap, direct reduced iron (DRI), hot briquetted iron (HBI), or pig iron,
that are melted in the EAF.

Especially regarding the ironmaking process, which is the main consumer of fossil
coals in the iron and steel industry, a number of reviews regarding the use of alternative
carbon sources like biomass have already been conducted and published [8–16]. Even so,
the amounts are much lower in EAF steelmaking, and fossil carbon sources are used,
contributing to the direct GHG emissions of the steelmaking process. However, there are
up to now no reviews about the use of alternative carbon sources in EAF steelmaking
available. Therefore, in this paper, the use of carbon in EAF steelmaking is first described.
Following that, recent research on the use of alternative carbon sources is presented to
give an overview on the possibilities to substitute fossil carbon by biomass or waste-
based materials.

2. Carbon Use in EAF Steelmaking

In the EAF, iron sources like scrap, DRI/HBI, or pig iron are charged together with
materials like alloying elements, slag formers, and carbon sources. The charged material
is then melted by a mix of electrical and chemical energy. The electrical energy is intro-
duced into the furnace via electrodes by the electric arcs ignited between electrodes and
charged material. The chemical energy is usually introduced by oxyfuel burners but also
e.g., by hydrocarbons from scrap contaminants (paint, oil, grease, etc.) and charged carbon.
Apart from the steel melt, a slag is also produced based on slag formers like lime and
dololime which will incorporate iron oxides and oxidic impurities from scrap or gangue
from DRI/HBI.

Carbon sources are of great importance in the electric arc furnace. In modern electric
arc furnaces, the share of energy input from fossil fuels like natural gas and coal is over 40%
of the total energy input [17]. In addition to their energetic use as a substitute for electrical
energy, carbon sources are used in particular as slag foaming agents [18]. Solid carbon
sources, like coal, petrol, coke, etc., are used in the EAF in two ways. The charge carbon
is charged together with the scrap or other iron sources and additives at the beginning of
the heat. This carbon serves to carburize the melt, contributes thereby to the slag foaming
and by direct oxidation during meltdown realizes a chemical energy input. The injection
carbon on the other is injected into the EAF via lances or injectors together with oxygen to
generate CO bubbles within the slag and thereby to foam the slag.

According to a study by the International Iron and Steel Institute (IISI), on average,
about 12 kg of coal are used per ton of steel produced in the EAF [19]. With a global steel
production in 2018 of around 520 million t via the EAF route, this corresponds to a fossil
coal consumption of over 6 million tons. This coal use causes specific CO2 emissions of
about 43 kg/t steel and related to the total EAF steel production in 2018 CO2 emissions of
about 22 million tons.

Looking at values of direct CO2 emissions of EAF steelmaking compiled in studies for
the European Commission the benchmark is given with 59 kg CO2/t steel [20] while the
average is given with 102 kg CO2/t steel [21]. Based on these values, the use of fossil coal in
the EAF, besides the use of natural gas and the graphite electrode consumption, is causing
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about 40–70% of the direct CO2 emissions of the EAF steelmaking process. Figure 1 shows
a schematic of carbon input and direct emissions of the EAF.
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2.1. Charge Carbon

In comparison to injection carbon, the demands placed on charge carbon are lower.
Of particular interest are the calorific value, the reaction behavior as well, as the carbur-
ization capacity. If the primary aim of using charge carbon is to carburize the melt, the
reactivity must be low enough that the carbon does not burn prematurely but can dissolve
in the melt. If the chemical energy input in the melting phase is of primary interest, a high
reactivity and therefore a quick energy release may be more important.

Consequently, for charge carbon, the calorific value is of primary importance. With a
corresponding cost–benefit ratio, lower carbon contents and higher ash contents are also
tolerable as long as no components with the potential to reduce steel quality are introduced
into the EAF. Apart from that, the carbon source must have sufficient physical properties
to allow for safe handling, storage, and charging into the EAF.

2.2. Injection Carbon

Slag foaming in the EAF is a well-established and widely used method to significantly
increase the efficiency of energy transfer in the furnace. The shielding of the electric arcs
by the foaming slag reduces the energy losses via the water-cooled furnace walls and
roof, thus enabling a significantly improved energy transfer from the arc into the melt.
In addition, the slag foaming has a stabilizing effect on the arcs and reduces the noise
emissions of the EAF. Approximately 5–10 kg of injection carbon are used in electric arc
furnaces [23].

The foaming of the slag by CO/CO2 gas bubbles occurs in the EAF process via
oxidation of carbon dissolved in the molten steel by oxides in the slag (reaction (1)). This
foaming process is enhanced and maintained by injecting carbon into the slag. The injected
carbon can thereby react directly with the iron oxide according to reaction (2) or reduce
the iron oxide indirectly according to reactions (3) and (4) via an intermediate gasification
step [24].

FeO + [C]→ Fe + CO (1)

FeO + Cs → Fe + CO (2)

FeO + CO→ Fe + CO2 (3)

Cs + CO2 → 2 CO (4)

FeO + H2 → Fe + H2O (5)
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H2O + CO→ H2 + CO2 (6)

H2O + Cs → H2 + CO (7)

Besides carbon, coal usually also contains varying amounts of volatiles, namely
hydrogen which is oxidized by FeO to H2O (reaction (5)). Furthermore, the hydrogen
takes part in side reactions (6) (water-gas reaction) and (7) (water-gas shift reaction).
Especially the water-gas shift reaction supports the gasification of solid carbon and thereby
accelerates the reaction of slag and coal. Hydrogen in the gas phase also increases the carbon
gasification rate since H2 and H2O react more rapidly with carbon and slag compared to
CO and CO2. Moreover, FeO also reacts faster with hydrogen compared to CO.

Hayes [25] found that the reaction constant of the FeO reduction by H2 is one order of
magnitude greater than that for FeO reduction by CO at 1300 ◦C and even 5 times greater at
1600 ◦C. In agreement, Xie and Belton [26] found that reduction rates of ferric iron in slag by
H2/H2O are a factor of 2–3 times higher than those by CO/CO2. King [27] demonstrated
that the rate of carbon gasification increases linearly with H2 concentration in carrier gas
for hydrogen concentration of up to 4%.

The requirements on the injection carbon for a good foaming effect primarily concern
a high reactivity and thus the highest possible carbon content and a low ash content of
the coal as well as a defined particle size distribution for pneumatic conveying. With
regard to the plant technology used for injection, it should also be noted that no explosion
protection is required for the current use of petroleum coke and anthracite coal and is
therefore not usually implemented in terms of plant technology. If suitable alternative
carbon sources fall into explosion protection classes, substitution may already fail at this
point for economic reasons.

3. Alternative Carbon Sources

When using alternative carbon sources, it must generally be considered that the
properties of these materials can differ greatly from those of common fossil coals. These dif-
ferences can have an impact on the steelmaking process in the electric arc furnace. Research
has been carried out so far on the use of biomass-based as well as rubber and plastics-based
alternatives in EAF steelmaking.

3.1. Biomass Based Alternatives

The research on biomass-based alternative carbon sources includes technical and life
cycle assessment studies, fundamental research on slag foaming by biomass and biochars
as well as pilot and industrial scale investigations of the use of biomass and charcoal in
the EAF.

Mathieson et al. [28] investigated the potential of biomass use in the steel industry
of Australia. The focus here was on reducing fossil CO2 emissions from the metallurgical
processes of the blast furnace and electric arc furnace route, with an emphasis on the blast
furnace route. In conclusion, the fundamental suitability of biomass carbonisates as a
feedstock in iron and steel production is highlighted. They report the CO2 mitigation
potential through biochar utilization for Australian EAF steelmakers with about 6–12%.
However, it has to be noted that this is based on the Australian electricity production mix.
This results in a high share of 78% of the total emissions of 0.5 t CO2/t crude steel in EAF
steel production, which is caused by electrical energy consumption.

Norgate and Langberg [29] and subsequently Norgate et al. [30] used the life cycle
assessment (LCA) methodology to assess the substitution of fossil carbon sources with
charcoal as a fuel and reductant in the iron and steelmaking industry of Australia. In ad-
dition, they considered economic aspects of the use of carbonisates from biomass and
estimated the land requirements for substituting fossil coal with biomass carbonisates.
For a complete replacement of fossil carbon sources by biomass carbonisates, they calculate
a saving of CO2 emissions in relation to total (i.e., direct and indirect) emissions of 5.5–11%
for the production route in the electric arc furnace. Taking charcoal production by-product
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credits into account, they calculated reduction rates of GHG emissions for the EAF route of
7.3–14.7%.

However, these relatively low reduction values for the EAF route stated by Norgate
et al. are due to the indirect emissions from electrical energy consumption of the EAF.
The calculations are based on the specific emissions of the Australian electricity mix,
which are comparatively high at 0.987 kg CO2/kWh due to a very high proportion of
coal-fired power plants. Demus et al. [31] showed that, for the EU-27, with a different
electricity mix and specific GHG emissions of 0.43 kg CO2/kWh, in a very similar scenario,
the relative GHG emission reduction potential is almost 29% for the substitution of fossil
carbon sources with charcoal in the EAF route.

Sampaio et al. [32] describe an indirect way for the production of green steel in the
EAF. They propose the use of cold pig iron (CPI) produced in charcoal operated blast
furnaces in combination with scrap. In this scenario the carbon introduced into the EAF
by the CPI is considered as carbon-neutral. In [33] Sampaio et al. discuss the use of large
amounts of CPI in EAF steelmaking. Based on operational data of a Brazilian steel plant,
they compare steel production based on scrap and with an addition of 35% CPI. The use
of CPI results in lower residual levels in the produced steel and introduces high amounts
of carbon-neutral chemical energy into the system. The high concentrations of carbon
(4.3–4.5%), silicon (0.5–1%), and manganese (0.3–0.6%) in the CPI can deliver energy at a
rate of about 3.6 kWh/Nm3 oxygen injected into the EAF. The intense CO formation and
boiling action during decarburization of the steel melt carburized by the CPI supports the
removal of dissolved gases and leads to reduced nitrogen concentrations in the tapped
steel of less than 50 ppm compared 90 ppm in scrap-only heats. In [34] Sampaio et al.
again discuss the possibility of using in the EAF hot metal from a mini blast furnace
utilizing biomass/charcoal as reducing agent. They also present a biomass carbonization
process coupled with the mini blast furnace increasing the overall energy efficiency of the
coupled processes.

Coming to the more fundamental research on slag foaming by biomass and biochars,
Sahajwalla et al. [35] tested differences in wettability of different carbon carriers in contact
with EAF slag. The tested carbon carriers were injection coke, petrol coke, natural graphite,
synthetic graphite as well as charcoal. The tests included contact angle and volume
measurements of a slag sample on a carbon carrier substrate at 1550 ◦C. Charcoal in
comparison exhibited the lowest wettability and therefore minimal foaming of the slag.
Natural graphite showed the most favorable behavior with regard to wettability and
volume increase of the slag by foaming.

Yunos et al. [36] investigated the combustion behavior of metallurgical coke as well as
palm shell/coke and coconut shell/coke blends in thermal gravimetric analysis (TGA) and
a drop tube furnace. The combustion efficiency was increased by increasing amounts of
palm shells or coconut shells in the blend due to the added volatile matter in the blend.
Yunos et al. [37] also conducted a fundamental study on the formation of foamy slag in
the EAF with charcoal. For this purpose, they melted down slag samples from the EAF
process together with charcoal from palm kernel shells as well as with metallurgical coke
as reference material in lab scale and investigated the interaction of the carbon carrier with
the slag. They also conducted TGA tests coupled with a mass spectrometer (MS) of both
carbon carriers. Differences in reaction behavior were apparent from the gasses formed in
the TGA-MS as well as in the melting trials, the different increase in slag volume as well as
the number and size of gas bubbles found in the slag. The tests conducted showed that
charcoal from palm kernel shells can be an alternative to fossil metallurgical coke for the
process of slag foaming.

Fidalgo et al. [38] investigated the thermal behavior of grape seed and pumpkin seed
char at high heating rates (1000 K/s) typical for injection into an EAF atmosphere within
a wire mesh reactor. As reference materials four different coals used in EAF steel plants
were also tested. It was found that the biochars showed different thermal behaviors with
the grape seed char exhibiting higher combustion and gasification reactivities. Therefore,
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grape seed char was proposed as potential candidate to substitute injection carbon for
slag foaming.

Kalde et al. [39,40] tested various biomass-based materials with regard to their reac-
tion behavior at high temperatures within a high-temperature reactor. Based on off-gas
analysis data and overall weight loss of the samples they investigated the time dependent
gasification in N2 and combustion behavior in air. They determined specific amounts of
produced gas and gas production rates for a number of materials. Considered here were
palm kernel shells, wood chip pellets, walnut shells, olive kernels, pyrolyzed wood char,
torrefied biomass pellets, as well as pellets made of hydrothermally carbonized green waste
and anthracite as a fossil reference coal. Based on the presented investigation technique,
it is possible to at least qualitatively compare gasification and combustion behavior of
biomasses and biomass carbonisates to choose the best option with regard to gas production
rate and the total specific amount of gases produced.

Huang et al. [41] investigated the reaction behavior of different carbon sources with a
synthetic EAF slag by sessile drop tests at 1600 ◦C. The carbon sources investigated included
a slow and fast pyrolysis biochar from woody biomass, graphite, metallurgical coke and
char from end-of-life tire pyrolysis. Based on observed reaction behavior and measured
contact angles between slag and carbon substrate, the authors conclude that the biochars
were the least reactive materials in comparison to the other carbon sources. According to
their analysis neither ash content nor carbon crystalline structure are significant factors
influencing reactivity of the carbon sources with synthetic slag. They conclude that the
wettability of the surfaces and therefore the surface roughness of the carbon particles has
the biggest influence on the carbon/slag reaction behavior.

Mansuri et al. [42] investigated the high temperature pyrolysis of waste macadamia
shells to prepare a carbon source for iron carburization. After pyrolysis the biochar was
used to test the carburization of pure electrolytic iron. The biochar created from the
macadamia shells via high temperature pyrolysis showed a carbon content of 98 wt.%.
In the carburization test, a fast carburization up to 5.2 wt.% of carbon the iron alloy was
reached. The carbon dissolution rate was compared with literature data was found to be
higher than other carbon sources like metallurgical coke or coal.

Kongkarat [43] tested rubber tree bark in blends with coal and with coal as a reference
as a carburizer for liquid steel. In comparison to coal, the carbon content of the steel
increased in contact with rubber tree bark and the bark/coal blends. After 30 min of
contact, the final carbon content was about 2.8 wt.% for coal and up to 4.9 wt.% for the
rubber tree bark.

Bianco et al. [44,45] report about a research project funded by the European Research
Fund for Coal & Steel (RFCS). As part of this GreenEAF project the foaming behavior of
various biomass carbonisates with EAF slags was analyzed in laboratory scale. For this
purpose, mixtures consisting of EAF slag and reference coal or carbonisate samples were
placed in a crucible and melted in a furnace. The change in volume of the resulting foaming
slag was measured and a qualitatively greater increase in volume of the slags was found
when biomass carbonisates were used compared to fossil coal. The fundamental suitability
of biomass carbonisates for slag foaming in the EAF could thus be demonstrated.

Tests were also carried out in a pilot-scale EAF, in which fossil charge coal was
replaced by biomass carbonisates. Compared to the operation with fossil charge coal,
clear differences in the reaction sequences could be determined with the help of gas
analysis when biomass carbonisates were used. This was, e.g., reflected in a different
timeline of the energy supply in the melting process. The differences were attributed to
different reactivities, physical properties, compositions, and carbon contents of the biomass
carbonisates in comparison to the fossil charge coal. Notwithstanding this, the general
suitability of the biomass carbonisates as batch carbon could be established as no difference
in steel quality could be detected [46].

Initial trials on an industrial electric arc furnace with as-is biomass carbonisate from
pyrolysis processes were also carried out [45]. The trials showed clear problems in handling

93



Metals 2021, 11, 222 7 of 15

and charging of the fine-grained material into the EAF. However, the industrial trials were
able to confirm that no negative influence on product quality is to be expected from the use
of biomass carbonisates.

Demus et al. [22,47] subsequently conducted trials on the briquetting of biomass
carbonisates and tested the use of the briquettes made from biomass carbonisate in a pilot
EAF. The results of the melting tests showed again that the biomass carbonisates have no
negative influence on the process. The briquettes made from biomass carbonisate showed
similar combustion behavior to conventional charge coal (anthracite coal) and can thus
basically be regarded as an alternative feedstock to fossil coal.

Funke et al. [48] investigated the use of a biomass carbonisate from wheat straw
fast pyrolysis as charge carbon substitute in the EAF. The carbonisate is a by-product of
a biofuel production process and was pretreated by agglomeration prior to the melting
trials in a pilot-scale EAF. Molasses in combination with water proved to be a good binder,
resulting in sufficiently strong agglomerates. The reaction behavior and release of chemical
energy exhibited by the agglomerate was comparable to biochar from slow pyrolysis and
also to anthracite coal typically used in EAFs.

Baracchini et al. [49] report on the GreenEAF2 project funded by the RFCS, which is a
follow-up to the GreenEAF project. This project was a pilot project to demonstrate the use
of biomass and biomass carbonisates in industrial scale. Within the project, various biomass
carbonisates but also virgin biomasses available on the market have been sampled and
characterized. In subsequent trials the substitution of injection and charge carbon was
tested. The industrial injection trials delivered mixed results regarding the achieved slag
foaming. Possible reasons identified are the lower biochar density resulting in a reduced
penetration of the slag layer by the injected biochar as well as a reduced reactivity of the
biochar with iron oxides. The substitution of charge carbon by biochar and biomass, also
reported in Cirilli et al. [50] and Echterhof et al. [51], was evaluated positively. The long-
term trials of more than 1500 heats resulted in no detrimental effects on steel or slag quality
or furnace operation. Moreover, one campaign of about 300 heats using a mix of biomass
(palm kernel shells) and fossil coal even resulted in a reduction of the specific energy
consumption of the EAF of about 6%.

Meier et al. [52] conducted simulations of the use of biomass in the EAF based on
the case of one of the steel plants in the GreenEAF2 project. They used a dynamic EAF
process model to simulate complete heats implementing biomass (palm kernel shells) as a
charge carbon substitute. The differences between palm kernel shells and anthracite coal
like the increased amounts of volatiles have been included in the model. The model was
able to deliver results, e.g., regarding the off-gas composition and evolution which were in
sufficient agreement with measured off-gas compositions.

Robinson et al. [53] report on lab-scale and industrial carburizing trials with two
types of biochar from woody biomass and synthetic graphite and anthracite as reference
materials. The woody biomasses tested are commercial wood chips from logging residues
and commercial wood pellets from sawdust. All samples were briquetted and added into
a molten iron-carbon alloy. The laboratory tests showed that the biochar from sawdust
behaved similar to high quality anthracite and showed similar dissolution kinetics. For the
industrial trials, a 50 t EAF was used were about 600 kg of carbon sources like anthracite
are usually added to the charge material. In trials, one third of the anthracite charge carbon
was substituted by the biochar from sawdust. The test heats did not show any deviations
from standard operating conditions.

3.2. Rubber and Plastics Based Alternatives

Another possibility for the substitution of coal or anthracite in the EAF is the use of
used tires or waste plastics as a carbon source. Used tires contain carbon in the synthetic
and/or natural rubber, in textiles and as carbon black. They also contain a significant
amount of steel wire, which can be recycled in the EAF. Natural rubber included in the tire
can even be considered as carbon-neutral.
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The University of New South Wales in cooperation with OneSteel investigated the
utilization of waste plastics and rubber and blends of these materials with coke in the EAF.
They especially tested the interactions between slag and carbonaceous material with the
sessile drop technique. Zaharia et al. [54] investigated metallurgical coke as a reference and
two coke/rubber tire blends and their interaction with EAF slag. Based on off-gas data and
volume ratios based on visual observations from the sessile drop tests, they concluded that
blends of rubber and coke could be used to substitute the coke used in EAF steelmaking.
Subsequently, Zaharia et al. [55] again published an investigation of four rubber/coke
blends compared to coke with similar results. Zaharia et al. [56] also investigated the
combustion behavior of coke, rubber tires and blends of the two in TGA and a drop
tube furnace. They found that the combustion performance or burnout increased with
increasing rubber content in the blends and therefore correlated directly with the volatile
matter content of the blend. In a further publication, Dankwah et al. [57] tested the
reduction of FeO-containing slag by blends of end-of-life tires and coke in a horizontal tube
furnace in laboratory. They could show that rubber/coke blends exhibited a significantly
increased reduction and carburization of the metal than coke alone. It is presumed that
the hydrogen introduced by the rubber and the side reactions under participation of this
hydrogen led to a faster gasification of the solid carbon and therefore to a faster reduction
of the iron oxide in the slag.

Sahajwalla et al. [58] published on the recycling of waste plastics for slag foaming in
the EAF. They tested the combustion behavior in a drop tube furnace and subsequently the
slag foaming by sessile drop tests. The materials and blends tested were metallurgical coke
and a PP (polypropylene)/PE (polyethylene)/coke blend, synthetic graphite and a HDPE
(high-density PE)/graphite blend, and petrol coke, HDPE/petrol coke and PP/petrol coke
blends. In all cases the volume ratios during slag foaming increased with plastics additions
and therefore improved slag foaming. Sahajwalla et al. [59] published a similar investigation
on the combustion behavior in a drop tube furnace, this time with HDPE/coke, LLDPE (linear
low-density PE)/coke and ABS (acrylonitrile butadiene styrene)/coke blends in comparison
to coke. While the combustion efficiency was increased to a similar degree by HDPE and
LLDPE, ABS led to an even more significant increase of the combustion efficiency.

Dankwah et al. [60] investigated the kinetics of the reduction of FeO from the EAF
slag with HDPE/coke blends in comparison to coke. Due to the high process temperatures
in the EAF the polymers decompose into basic hydrocarbons (reaction (8)), especially CH4
and into carbon and hydrogen respectively (reaction (9)). The hydrogen formed directly
reduces iron oxide according to reaction (5) and in the process reacts significantly faster
than a reduction with C and CO respectively.

Polymers→ CnHm (8)

CnHm → n< C >+
m
2

H2 (9)

In their investigations, Dankwah et al. could demonstrate that a HDPE/coke blend
possesses a significantly increased reaction rate in comparison to pure coke. This is at-
tributed to the hydrogen introduced by the polyethylene and the described reaction mech-
anisms. Accordingly, it is reasoned that plastics can substitute a part of the coke input into
the EAF.

A similar investigation on PP, PET (polyethylene terephthalate), and PU (polyurethane)
plastics in a blend with coke was published by Sahajwalla et al. [61]. In all three cases,
the blends of polymers with coke exhibited an improved slag foaming behavior compared
to pure coke. So, all three blends could be suitable to substitute coke in EAF slag foaming.
Sahajwalla et al. [62] again presented results of sessile drop tests with coke, HDPE/coke,
rubber/coke, PET/coke and Bakelite/coke blends. While PET/coke and rubber/coke
blends showed an increased slag volume, the HDPE/coke blend exhibited a significantly
higher slag volume compared to coke. The carbon pickup of the metal was also strongly
increased for the HDPE/coke and PET/coke blends in comparison to coke. Sahajwalla
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et al. [63] also tested the combustion behavior of HDPE and PP in comparison to metallur-
gical coke and in blends with coke in a drop tube furnace. Again, they found an increased
combustion efficiency with increasing plastics content in the blend. However, the HDPE
and PP in the blend was not as effective as rubber investigated previously.

The reduction of FeO-containing EAF slag with PP/coke blends was investigated by
Dankwah and Koshy [64]. The extent of reduction was significantly improved by additions
of PP to the coke. Also, the carburization of the reduced metal was significantly increased
up to 4.95 wt.% in comparison to a reduction by coke alone (0.65 wt.%). Subsequently,
Dankwah et al. [65] tested also the reduction of EAF slag by PET/coke blends. Again,
they could demonstrate in laboratory that the presence of polymers in the blends increases
the extent of reduction and also increases the carburization of the reduced metal up to
5.29 wt.%. Kongkarat et al. [66] investigated the reduction behavior of EAF slag with
PET/coke and PU/coke blends. While the PU/coke blends showed a fluctuating slag foam-
ing, the PET/coke blends showed a stable slag foaming. In both cases, the polymer/coke
blends showed higher volume ratios than the slag foaming with coke alone. Kongkarat
et al. [67] also tested the carburization of pure iron with coke and HDPE/coke blends in a
horizontal tube furnace. The addition of HDPE to the coke increased the carbon dissolution
into the liquid steel depending on the amount of HDPE in the blend.

Mansuri et al. [68] investigated the high temperature pyrolysis of waste CDs (com-
pact discs), CFRPs (carbon fiber reinforced polymers) and bakelite to prepare a carbon
source for iron carburization. After pyrolysis, the three waste polymers show different
characteristics with regard to carbon content ranging from 65% to 98%, surface area,
and structure.

In addition to laboratory tests, industrial trials were conducted at different EAF steel
mills around the world. Gorez et al. [69] described the use of end-of-life tires as a substitute
for charge coal or anthracite in two industrial EAF steel works in France. The tires were
added as whole tires, shredded tires and even injected as tire powder. The material was
added in bulk, in big bags, via injection and via the fifth hole. They could determine
a substitution rate of 1.7 kg tire per kg of carbon. They also could determine that the
use of up to 8–12 kg/t steel is possible and has no detrimental effect on product quality,
emissions or process behavior. However, the addition of tires instead of coal needs more
care to ensure that the tires are not only leading to an increase of temperature in the off-gas
dedusting system. Ayed et al. [70] subsequently report that the addition of end-of-life tires
was also implemented at another French EAF steel works and at a Belgian EAF steel works.
They again state that the placement of the tires within the scrap basket is important to
optimize the use of the tires. The tires should be put in the middle of the basket to avoid
direct contact of the tires with the hot heel on the one hand and to reduce the burn-off
through direct contact with the furnace atmosphere on the other hand.

Sahajwalla et al. [71] report on an industrial trial campaign conducted in 2006 at the
OneSteel Sydney steel works. In the trials the injection coke for slag foaming was replaced
by an HDPE/coke blend. About 22 heats could be evaluated in comparison to standard
operation. The use of the HDPE/coke blend led to a better slag foaming according to visual
observations, a reduced specific energy consumption (–3%), a reduced power-on time
and a similarly reduced tap-to-tap time leading to an increase in productivity. Sahajwalla
et al. [72,73] report on trials conducted at OneSteel Sydney and Laverton steel mills. In both
EAFs, the injection of a rubber/coke blend is a standard practice. In addition, the injection
of an HDPE/coke blend was tested. As a result, the specific energy consumption is in both
cases lower than with coke injection, being the lowest with the HDPE/coke blend. Also,
the carbon additions could be reduced by about 12% for the rubber/coke blend and by
about 15% for the HDPE/coke blend, while FeO content in the slag was reduced slightly.

Joulazadeh [74] reports on similar trials conducted in Iranian EAF steel plants, where
coke and coal were replaced by whole end-of-use tires. The trials were conducted in a 6 t
foundry EAF as well as in 25 t and 40 t EAF steel plant. Again, there were no negative effects
on product quality or pollutant emissions. Based on the trials Joulazadeh reports a decrease
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in electrical energy consumption and a decrease in steel production costs, when end-of-use
tires are used in the EAF.

Clauzade et al. [75] studied different use cases for end-of-life tires by means of life
cycle assessment. They looked at use cases in civil engineering, in energy recovery, e.g., in
cement works, as well as material recycling in steel works. Based on tire composition, they
also considered the partial biomass origin of the tires. For the use of tires in EAF steelworks
the environmental assessment led to intermediate results compared the use of end-of-life
tires e.g., in cement works, while there is a significant environmental benefit.

O’Kane et al. [76] describe the polymer injection technology developed and commer-
cialized by OneSteel using a blend of end-of-life rubber tires and coke. The technology
is used as standard operating practice in the OneSteel EAF steel works and was also im-
plemented at a number of other EAF steel works around the world. All installations and
trials led to a reduction in specific electrical energy consumption as well as a decrease in
injected carbon. O’Kane et al. also present a polymer composite briquette consisting of coke
fines, waste LDPE flakes and millscale as well as an LDPE-coke briquette. The briquettes
have been investigated in laboratory and industrial scale as alternative iron and carbon
units to be charged with the basket. While the millscale briquette achieved good reduc-
tion in the laboratory tests, the industrial tests of both briquettes showed problems with
increased heat generation and overheating of the dedusting system. However, for trials
where nutcoke was replaced by LDPE-coke briquettes an overall reduction of electrical
energy consumption by 10 kWh/t and a reduction of the power-on time could be observed

Fontana et al. [77] report on the implementation of OneSteels polymer injection tech-
nology at the European EAF steel works of CELSA Group in Cardiff, UK and Mo I Rana,
Norway. In both cases, by the injection of a rubber/coke blend instead of coke, the electrical
energy consumption could be reduced, the amount of injected carbon could be decreased,
the amount of injected oxygen could be decreased, and the productivity could be increased.
Emission measurements could prove that there were no increased emissions from the use
of rubber/coke blend.

Cirilli et al. [78] studied the utilization of ASR (auto shredder residue) as a carbon
substitute in the EAF. The light fraction of ASR, which mainly consists of plastics, rubber,
textile and fiber material, was used to produce 150 t of briquettes by pressure extrusion.
These briquettes were then used within industrial trials in an EAF to substitute charge
coal. To substitute 100 kg coal, 450 kg of ASR briquettes have been charged into the
EAF. In a campaign of 29 heats, it was found that the substitution led to a reduction in
electrical energy consumption of about 8 kWh/t, while natural gas consumption, oxygen
consumption, and tap-to-tap time were not changed. However, it has to be ensured that
the ASR briquettes are not charged in the top of the scrap basket, because this leads
to an early and rapid combustion of the ASR increasing the temperature in the off-gas
duct. An increased substitution of 200 kg of coal with 900 kg of ASR was also tested
but led to a temperature overload of the dedusting system, which could not be tolerated.
Emission measurements during the trials showed, that there was no negative effect on
emission levels including dioxins and furans.

4. Discussion

In view of current developments with regard to GHG-neutral hydrogen-based re-
duction processes producing H2-reduced DRI and the subsequent melting in the EAF
(e.g., HYBRIT [79], SALCOS [80], H2FUTURE [81]), there will still be the need to introduce
carbon into the system either to carburize the steel or to create foaming slag to improve the
energy efficiency of the melting process. So, if in the future a substantial part of the steel
production shifts to a direct reduction and EAF based route to reach the GHG emission
reduction goals set around the world, there will still be a need to use alternative carbon
sources to produce a really green and carbon neutral and/or fully circular steel. For the
scrap-based EAF route this is true anyway. Here also carbon-neutral slag foaming agents
and carburizers will be needed in future.
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The literature review could show that there are already solutions available to substitute
fossil carbon sources by carbon-neutral biomass-based and circular rubber or plastics-based
carbon sources. In some cases, the substitution is already tested in industrial scale or
even implemented standard operating practice (SOP) in some EAF steel works. Table 1
summarizes and compares the current state for the different alternative carbon sources
discussed. However, there is still room for further research regarding the different use cases
of charge and injection carbon, but also regarding the materials used and their treatment
or pre-processing.

Table 1. Current state of research and implementation of alternative carbon sources.

Carbon Source Use Laboratory Industrial Tests SOP 1 References

Biomass based
Charcoal from

various materials Injection carbon 3 3 - [35,37–42,44,45,49]

Virgin biomasses Injection carbon 3 3 - [36,39,40,43,49]
Charcoal from

various materials Charge carbon 4 5 - [44–50,53]

Virgin biomasses Charge carbon 4 6 - [49,51,52]
Rubber and plastics based

Rubber tire/coke
blends Injection carbon 4 9 SOP [54–57,72,73,76,77]

Polymer/coke
blends Injection carbon 4 7 - [58–67,71–73]

Pyrolyzed CFRP Charge carbon 3 - [68]
Rubber tires Charge carbon 2 9 SOP [69,70,74]

Polymer/cokebriquettesCharge carbon 4 5 - [76]
ASR briquettes Charge carbon 2 5 - [78]

Evaluation of the reported tests and trials according to the technology readiness level [82] by the author; 1 SOP at least in specific steelworks.

Regarding the use as substitute for injection carbon, currently only blends of polymers
and coke have been implemented in industrial scale. While this certainly is a step forward,
still a substantial amount of fossil coke is used. Currently, there is no industrially tested
solution available for a full substitution of fossil carbon sources for slag foaming. Even so
biomass-based materials showed some promising results in laboratory, the industrial
tests conducted delivered inconclusive results. Also, there still seems to be further need
for research to fully understand all factors influencing the foaming behavior of different
alternative carbon sources with EAF slag and the transferability of laboratory results to
industrial EAF operation where also aspects like the injection of the material into the slag
have to be considered.

Regarding the substitution of charge carbon, the use of biomasses and biomass-based
materials seems to be ready for implementation in the EAF. Its implementation mainly
seems to be a question of availability and economy at the moment. Also, the use of end-of-
use tires has been tested and implemented at industrial EAF steel works for some time now.
However, when materials with high volatile matter content like rubber or polymers are
used, the charging and also the EAF operation, e.g., post-combustion oxygen use, may need
further research and development to ensure, that the energy introduced by the alternative
carbon source is used most efficiently within the melting process and does not lead to an
overheating and subsequent shutdown of the dedusting system.

Regarding the materials and their treatment or pre-processing, biomasses for example
are available from a wide variety of origins and sources all with different compositions
and characteristics. Also, there are a number of waste biomasses and wet biomasses,
e.g., sewage sludges, that could be made applicable for the EAF by processes like hy-
drothermal carbonization. In general, the integration of biomass treatment and upgrading
processes with the EAF process, e.g., taking advantage of available waste heat potentials,
still has further potential for research and development. Moreover, while a lot of waste-
plastics, like PP, PET, HDPE, PU, ABS, etc., have already been investigated in the laboratory,
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the real material streams, like the ASR mentioned above, can be more complex and thus
require additional research regarding possibilities to utilize these circular material streams
as an alternative carbon source for EAF steelmaking.

5. Conclusions

This review could show that a lot of research is already available regarding laboratory-
scale and also industrial-scale investigation of alternative carbon sources for a substitution
of fossil charge and injection carbon in EAF steelmaking. However, it has also been
discussed that there is still a lot of potential and need for further research and development
in this area.

The EAF steel production route from scrap and/or from hydrogen-reduced DRI will
in future play at least an important if not a fundamental role to contribute to the GHG
emission reduction in the iron and steel industry. To produce a fully green and carbon-
neutral steel, it will be necessary to use alternative carbon sources in the EAF that are
either renewable like biomass or at least circular, and maybe in future also produced from
renewable sources like plastic or rubber wastes.
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