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Appendix 1- CCRA Technical Committee Planning Tables for2016

Retirementg Mr. George Chapman, Treasurer

The current Members and Board of Directors of the Canadian Carbonization Research
Association would like to publicly acknowledge the significant contributions of Mr. George
Chapman who as Treasurer from 1975 td.@0provided over 40 years @hancial and
administrdive stewardship to CCRiAs Members andts Board of DirectorsBy providing

the necessary stability and continuity for the organizatienNJ» / KI LIYI y Qa
throughout this period was instrument@ the many accomplishmestchieved by the
Association. CCRA wishes Mr. Chapman a long, healthyjayfdl retirementl Thanks
George and all the best!

Mr. George Chapman

Treasurer 19752016
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Since its inception in 1965, the Canadian Carbonization Research Association (CCRA) has provided an
excellent framework for technological cooperation between government and industry, which has
been very successful for both partieShe CCRA is a uniquedar y AT F A2y Ay 06SAy3
technical support for the Canadian metallurgical coal and coking industries. This organization
continues to be of real value to its member companies and to the financial health of the associated
industries. The value @k research is becoming more recognized on a global basis.

The role played by the CCRA in the past and to be continued in the future is to strive to meet its
membergheeds. The CCRA technical program continues to evolve as the demands of the coal,
cokemaking and ironmaking industry change with the issues facing Canada. With new members,
arise more ideakeading topotential solutions for some of the technical issues facing the coal and
steel industrieslt is important to continue sharing our research findings with fellow researchers
and industry. The CCRA has again published its work in several international journals and
presented papers at both domestic and international conferences. These papdys t@md on

the CCRA websitejvw.cancarb.ca

With the pilot Energy Recovery Coke Oven construction near completion and the new pulverized
coal/fuel test rig up and running, the R&D capability of CCRA and CanmetEhdSR&Yeased
tremendously. There is a new wave of research the CCRA is undertaking with the development
of bio-based carbon to mitigate GHG emissions in our industries. We look forward to these new
technical challenges.

The CCRA continues to be

. A . . N supported by key members
|
a¢ KS [/ / w! orgadnization iddyedj dzS representing the coal sector

/ l; )/ PRI Qa 2 Yf € Lf S OKy A Ol; 1 (Teck) the mkemaking sector
YSUulF ttdNBAOLI o2l f YR (SunCoke Energy) and the
integrated ironmaking sector
(ArcelorMittal Dofasco and
Stelcd. Wecontinue to keep in touch and invite past member companies as they continue to
growtheir respective companies.

Globally, the Canadian Carbonization Research Associationstasgling in its ability to continue
to grow and meet itsY S Y 0 Sréghi@ments. This remarkable -operative relationship

between the coal industry, steel industry and government is truligue and its R&D program
will continue to address its members needs today and in the future.

Ted Todoschuk,
Chairman, Board of Directors

/


http://www.cancarb.ca/
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Technical Committee Report

Technical Committee Meetings

The CCRA Technical Committee held four meetings duricey Fisar 208-17:

Meeting No. Location Date

235 Ottawa, ON June6-7, 2016

236 Vancouver, BC September20-21, 2016
237 Ottawa, ON December6-7, 2016
238 Vancouver, BC March21-22, 2017

The 208-17 Research Program consisted of four main research areas:
1. Energyand CQ@Reduction in the Coal and Steel Industry

2. Energy and Environment

3. Fundamental Aspects of Coal and Coke Utilization

4. Database, Standards and Procedures

In total, 14 projects were part othe Research Program although several projects were not
progressed.

Major accomplishments/highlights:

1. During FY 20147, the CCRA published papers onGajbon type differentiation technique
for diagnosing PCI efficienday Ironmaking and Steelmaking journal (nominated for AISI
Medal 2017) and (2) Effects of organic liquids on coking properties of HiggrenWestern
Canadian coal in Fuel Processing Technology jourG&RAalso wrote four papers for
presentation at AlBech 2017 in Nashville, USA. It made presentations on use-GBion
for Canadian Iron and Steel Productimnthe Ontario Centres of Excellence at-Biarbon
for Steel and Iron Making Meeting (June 2016) and BioCleanTech Symposium (November
2016) andon work accomplished on Coal Washing (OrganicfRoganic liquids) and
Moisture in Coal at CoalSMART 2017.

2. OnBlast Furnace energy reduction initiativelCCRA 91), it was proposed to carry out
numerical experiments (CFD modeling) with a similar set ofr@rpatal conditions as the
rig experiments in an actual blast furnace blowptpgere-raceway to obtain such a
relationship. This could help predict the burnout at the actual tuyraway level from the
rig PCl experiment. The new TF6RR system frofdetzsch was installed at CanmetENERGY
Ottawa and some preliminary routines were investigated to develop methods for evaluating
char reactivity and carbon form differentiation/analysis in blast furnace dust/sludge. Also,
preliminary test results on eimjection of coal and natural gas showed that natural gas did
not enhance burnout nor flame temperature.

3. On the use oRenewable energy for the steel industifCCRA 70), CanmetENERIR#wWa
Met Fuels successfully secured federal government funding for 5 yeaBiocarbon for
Canadian Steel Industry through Energy Innovation Program. Duringl1ZQ1€everal
meetings, including participation in Biocarbon symposium and BioCleantech Forum held
respectively in Ottawa in June and November 2016 witlicy makerslarge GHG emitters,
NGOs, and biomass feedstock aadhnologysuppliers. These meetings and contacts made
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acted as a springboaro address future work at Met Fuels and possible collaboration with
groups outside CanmetENERGY such as municipalitiesngab\governments, the CSPA,
SunCoke, Teck, CCRA, ArcelorMittal Dofasco, coal producers, CFS, universities, etc. The goal
of this project is to assist bicarbon producers in further expanding their production capacity
to carry out industrial scale plairial in steel mills in 202Q2025. To achieve this goal, close
collaboration is required between solid biocarbon producers and steelmaKeérs.project

will also evaluate the valdim-use of solid biecarbon fuel in steel production. As part of this
project, an evaluation compared the suitability of lhiarbon products produced by different
pyrolysis technologies and conditions for replacement of PCI. It was demonstrated that
pyrolysis technologies chosen for kiarbon fuel production significantly loence the
properties of the resultant bigarbon. Preliminary work presented showed that biocarbon
having the right physical and chemical attributes as well as proper-iuge could indeed

find applications in EAF steelmaking, cokemaking and dirgadtion in BF ironmaking.

4. OnEnergy Recovery Coke OVEDCRA 77), _
CanmetENERGtawa Met Fuels receivec §
federal government support for 3 year:
under Energy Innovation Program f
Adoption of Energy Recovery Cokemak?\
Technology by the Canadian Steelustry. =
Construction of Pilot Oven Facility=— === &}
continued with heatup anticipatedin Q4 Nl
2017followed by commissioningSunCoke
provided coal oven commissioning an
indicated, as did AM Chicago, of the
availability to provide assistance an
expertise with the oven startup process.
plan of research activities for the ERC!
including hot commissioninggage r & R _
and poential R&D projects was prepare
by AM Chicago and presented to CCRA
March 2017 meeting. The new pilot ER(
facility was the focus of an article publishe
in AIST magazine in February 2017.

5. OnCoal Resource Quality EvaluatigBCRA 90), the proposalie 1 f SR &t N2 RdzOAy 3 /
from Western Canadian Coal Fields using the Watera SR w206 Sy WA 3 t NP OSaa¢
Geoscience BC in December 2016. This is the continuation of the organic liquids project
where considerable damage to a higheert Westen Canadian met coal was observed.

With this project, there is possibility of extensive collaboration between CCRA and GBC on a
wide range of projects all dealing with western Canadian¢ad10-year R&D plan focusing

on small sample evaluation wiletsubmitted to GBC by end of 2017 in attempt to secure
longer term funding on work dealing with sample collection, preparation and carbonization.
Work on Phase 1 of GBC, to begin in Q1 2I8,7will focus on comparing coal and coke
quality after washingdur Western Canadian coals (easy/difficult to wash, fine/coarse and
coarse samples) with organic liquids (fleittk) and water (jig).

t

6. OnMineral matter and coke reactivit/ CCRA 81), a-4examination of the minerals doping
experiments carried out by theGQRA in 1994 found that minerals present in the original coal



CCRA Technical Committee Annual Report 2016-2017 Page 6

10.

are usually of more complex form than added minerals, leading to lower coke reactivity. Also,

it was found when P and Ca in Western Canadian coals are strongly correlated tying up Ca in
apatite,the resulting CRI are low. On the other hand, for coals where P and Ca are unrelated
but Ca and Mg are, the probability of Ca being tied up in ankerite increases, resulting in higher
CRI as ankerite decomposes during coking. The current CCRA Mindérah4uldject found

that carbonate minerals (Ca & Fe) can negatively affect CSR and CRI of high CSR MV coking
coal from western Canada with fine minerals having a greater effect than coarse ones. A
paper was written for AISTech 2017, May 2017 in Nashy8la.

On Standards (CCRA 54), Transport Canada approved the use of the Modified
Proctor/Fagerberg Test (Nov 2016) for determining the Transportable Moisture Limit (TML)
of coals loaded at Canadian ports. In controlled test work performed, Canadian &vals w
found to not liquefy, hence demonstrating that they are safe to transport in ship cargos.
Regular updates were presented on the Inter Laboratory Study on coal dilatation led by
Canada (J. St James) to enable valid comparisons of dilatation data betifésrent
laboratories. That work will be completed during 2a1& with draft report to be presented

at ISO/TC27 meeting in Brisbane, Australia, October 2017. Updates were also presented to
the CCRA on CanmetENERIéwa Met Fuels Lab performance inlRd Robins on coal
petrography (CoalTech Petrographic Associates), CSR/CRI and Coke Stability/Hardress (LQSi
SGS). Canada will participate in developing the Sapozhnikov test under ISO and revised the
ISO standard concerned with determination of mechahnistiength of +20 mm coke
(Micum/Irsid).

OnlInternational Research CollaboratiofCCRA s
75), CanmetENER®ttawa Met Fuels
participated in ACARP Australia Coking Ro
Robin in Q3 20147. In total, 10 labs including
CEO Met Fuels participated in the CSR Ro
Robin and 14 labs also including@®et Fuels
entered the Coking RoundoRin. The coking

of 7 kg (SGS Australia) to a high of approx. 50(
(DMT Germany). CSR results from the Cokingl
ranged from 48 (MPI England, 340 kg) to
(DMT Germany, 10 kg), with CEMet Fuels §
repori Ay3d ARSYGAOFT [/ {w
Carbolite ovens and CSR of 67 from the g
heated oven.

OnSmaltScale Carbonization Facility for Cold {
Hot Coke Strength DeterminatiofCCRA 88)
discussions were held surrounding the pros a
cons of the various small oven types a
capacities and the need to carefully evalua
options before deciding on a particular desigd
and building of the oven.

On Benchmarking of Movable Wall Ove€CRA 92), the ACARP Australia Coking Round
Robin in Q3 20147 found appreciable wall pressure difference between the 18in oven and
Carbolite oven attributable to inherent designs of the respective ovens. As previously

byl
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observed, Carbolite oven producstightly bigger coke (MCS 53.7 mm) compared to the 18in

oven (MCS 52.5 mm) and leading to higher 140 value (55.4 vs 52.1) in the IRSIDiteH.
attributed to the lower wall temperature of the Carbolite oven and resultinglonger coke

time. The ther coke quality parameters including ASTM stability (63.5 Carbolite, 64.0 18in.)

and hardness (68.0 Carbolite, 69.5 18 in.), CSR (64.1 vs 64.1) and CRI (28.7, 28.0), and ASG
(0.974 vs 0.974) were found to be very similar between the two ovens. The oven
benchmarking work will be repeated in FY 2aB7using the same steelmaker coal blend.

CCRA/CanmetENERGY Papers, A0 6

1.

Ng, K.W., Giroux, L., MacPhee, J.A., Todoschuk, T., Taggart, L., SCatty@ Type
Differentiation Technique for diagnosingl¥erized Coal Injection Efficieacironmaking and
Steelmaking(2016) 43:3, 214219.

. Holuszko, M.E., Leeder, R., Mackay, M., Giroux, L., MacPhee, J.A., Ng, K.W., Dexter, H.

GOFTFSOGA 2F hNEBFYAO [ Alj dAnBreWesStefh | g1 R¥ By t N2 LIS 8T A
Fuel Processing Technology, (2017) 155,22k

Ng, KW., Giroux, 8./ I yYSG9b9wD, Q& 9 E LIS NEenfpgr&Be Diajation S NJF 2 NI A
a S| a dzNB XISTech 2317 conference proceedings, Nashville, USA.

dzi @

Ng, KW., Ray, S.,Giraux [ X . NRyazyzx .Z ¢2dzNAIyéexX Do 5
Bio/ K N& FTNRBY S5AFFSNBYyld t NPRdzOGA2Yy ¢SOKyz2f23A
2017 conference proceedings, Nashville, USA.

Ng, K.W., Giroux, & CI Ol 2 NA. f! I'FaF({S OGideNJAlI OS / 2 NISTech 3R7 t SN S G
conference proceedings, Nashville, USA.

BKFYy3AZ vadr t NAOS Woedr welys . oX Fy3s , & DA NI

5

{ONBYy3IGK FFGSNI wSFOGA2y ¢3S NashWl§E 03 nnmt O2Yy FSNE
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FacilitiesUtilization:

CanmetENERGY oven utilization statistics fo6204 Table 1showsthe following in comparison
with 2015-16.

1. SoleHeated Ovens

1 CCRA 20vs U trials (100% SHO3)

1 Coal Companies166vs110trials (/2% SHO328% SHO1

1 Steel Companies113vs125(8% SHOR20SHO)
In total, usage of solaeated ovens in 20817 was D9trials - compared ta239trials in 205-16
(~25%highe).

2. SoleHeated Oven Coke Reheat€ SR

1 CCRA 18vs19

1 Coal Companies8vs4

1 Steel Companies39vs66
In total, 65 reheats of soléneated oven cokes for CSR determinatpwus 89 in 2015-16 (27%
lower).

3. MWO CSR Determinations

1 CCRA3vs20

1 Coal Companies148vs113

1 Steel Companies25vs60
In total, 176 MWO CSR evaluatiomsre performedg vs 193 in 20145 (9% lower). In addition,
To /{wQad ¢SNB R2yS 2y O2HBEI NB 053 SRAzS tha / ¢ o/ S/L{9
I 2YLI yASEaS o /{wQad F2NI//w! YR n /{wQa F2NI/ 21 f
received at Mé Fuels, 314 CSR tests were done in 20Z@&ompared to 282 tests in 202016
(11% higher).

4. Coke Stabilization
13 coke stabilization trials were done in 2817 vs1in 2015-16 (Extended IRSID and extended
JIS).12 were done for coal companies ahdor steelcompanies

5. Movable Wall Ovens

1 CCRA 3vs5trials in Carbolitelin 18-inchoven)

1 Coal Companies162vs 19 trials (L47in Carbolite, b in 18&inch oven)

1 Steel Companies35vs51trials (All inl8-inchoven)
In total, usage of movableall ovens in 208-17 was200trials compared td.65 trials in 205-16
(21%highen).

6. PCl Test Rig
T CCRA9vs7 tests
1 Coal CompaniesO tests(201617 & 201516)
1 Steel Companies11 vsl5 tests
In total, 2 PCI tests were done in 2617 compared to22 tests in 205-16 (9%lower).
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Table 1
Utilization of CanmetENERGY Facilities
Oven Tests
April 1, 206 March 31, 207

Oven CCRA Coal Companies Steel Companies  Totals
SHO 20 166 113 299
SHO1 0 47 104 151
SHO3 20 119 9 148
SHO Coke Reheats 18 8 39 65
CSR 30 160 124 314
SHO Coke Reheats/q 18 8 39 65
MWO CSR 3 148 25 176
Cokes for CSR 9 4 60 73
Coke Stabilization 0 12 1 13
Movable Wall Oven 3 162 35 200
18 inch 1 15 35 51
Carbolite 2 147 0 149
PCI Test Rig 9 0 11 20
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Year in Review

As a result otontinued financial challengefaced by the industrglue tolower than desirable
commodity pries CCRAXxperienced a decline imembership during th0162017fiscalyear
typical during periods of low commodity prices

CAYylLyOAlIffe&sz aSyYocaddialed 3R b57eflacing ailb.PolratluctioBroniNI
the levelreported at the

Members' Net Assets end of the 20152016
$800.000 fiscal yearand $248,903
' $674,580  $681,460 lower than the most

$585,292
$600,000 $519,264 recent peak level of
$400,000 $432.567 $681,460 reported at the
end of the 20142015
$200,000 I fiscal year Ths
s reduction reflects the

2012-2013 2013-2014 2014-2015 2015-2016 2016-2017  impact of a $86,707
deficiency of revenues

versusexpenses for the yeaepresenting the second consecutive year where expenses exceeded
the costs of operations.

As a result of prudent financial planning, CCRA is able to absorb these temporary declines in
member contributions to ensure it

Outside Research Projects continues as a viable Association
GeoScience supporting  @QNMET through annual
BC Jig Project

$6.631 research support payments and
‘ confidential oven tests.
ISO ILS Coal Thisreported deficiency $ largely due to
Dsglffggg ERCO an expense of$47,367for the Energy

$47,367 Recovery Coke Ovdproject funded in

previous yearand $12,900 expended on
the ISO ILS Coal Dilatation Projdataddition to these projects, CCRA execliteBebruary 2017,
a funding agreement with Geoscience BC fesearchfunding of up to $209,000 to study
producing clean coal from Western Canadian Coal Fields using the-lWéaex Boner Jig Process.
By the end of the fiscal

year, CCRA had alread CanmetENERGY Research Support
initiated the project ad  $200,000

incurred a total of $6,631 $150,000 $150,000 100000

: ; $150,000  $120,000

in related project ’ $90.000
expenditures. In  $100,000

summary, CCRA incurred  $50,000

total of $66,898 in Outside 5.

Research Projects  as 2012-2013 2013-2014 2014-2015 2015-2016 2016-2017

outlined above. Total
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revenuesin 201617 are higher by about $131,000 largely attributable t@ $206,000 or 21.8%
increasein confidential research andevelopment testingat Canmetdespite afive-member

Although the reduction in active CCRA
members resulted in a decrease in the level
CANMET Research Support during 22067,

CCRA continues to be a source of reliable

support to CANMET activities by investing
overthe last five yeara total of $670,000n
direct Research Support plus $5.67 million
Member Confidential Testing contributions

reduction in its active members.
Notwithstanding the drop irdirect Research
Support during 2012017, CCRA Members
contributed $1.15 Million in Confidential
Oven Testing bringg the total testing
completed during the last five years to $5.67
million.

As CCRA remains in a strong financial
position, it is in a good positioto continue to
initiate  and fund research initiatives

supporting the coal and carbonization industries in Canada

NAFY 5Q! XcA2AaSs
Treasurer

/[t ! Z
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Miagara-on-the-Lake, Ontario
Porl Colborne, Ontario

INDEPENDENT AUDITORS' REPORT

To the Members of the
Canadian Carbonization Research Association

We have audited the accompanying financial statements of the Canadian Carbonization Research
Association, which comprise the statement of financial position as at March 31, 2017. and the
statements of operations and changes in members' net assets and cash flows for the year then ended
and a summary of significant accounting policies and other explanatory mformation.

Management's Responsibilitv for the Financial Statements

Management is responsible for the preparation and fair presentation of these financial statements in
accordance with Canadian accounting standards for not-for-profit organizations. and for such
mternal control as management determines is necessary to enable the preparation of financial
statements that are free from material misstatement. whether due to fraud or error.

Auditors' Responsibility

Our responsibility is to express an opimion on these financial statements based on our audit. We
conducted our audit in accordance with Canadian generally accepted auditing standards. Those
standards require that we comply with ethical requirements and plan and perform the audit to
obtam reasonable assurance about whether the financial statements are free from material
misstatement.

An audit involves performing procedures to obtain audit evidence about the amounts and
disclosures m the financial statements. The procedures selected depend on the auditors' judgment.
mcluding the assessment of the risks of material misstatement of the financial statements. whether
due to fraud or error. In making those risk assessments. the auditors consider mternal control
relevant to the entity's preparation and fair presentation of the financial statements in order to
design audit procedures that are appropriate in the circumstances. but not for the purpose of
expressing an opinion on the effectiveness of the entity's internal control. An audit also mcludes
evaluating the appropriateness of accounting policies used and the reasonableness of accounting
estimates made by management, as well as evaluating the overall presentation of the financial
statements.
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