
Before the 
UNITED STATES DEPARTMENT OF COMMERCE 

Bureau of Industry and Security 

_________________________ 
: 

Section 232 National : 
Security Investigation of : BIS-2020-0002 
Imports of Vanadium  : 
_________________________ : 

COMMENTS OF 
EVRAZ EAST METALS NA, LLC 

Dated: JULY 20, 2020 

PUBLIC VERSION



 
 
i 

TABLE OF CONTENTS 
 

I. Executive Summary 

II. Legal Standard for Section 232 Investigations ..........................................................2 

III. EVRAZ Vanadium Operations ..................................................................................4 

IV. U.S. Vanadium Producers ...........................................................................................5 

a. AMG Vanadium…………………………………………….. 5 
b. US Vanadium ……………………………………………….  7 
c. Gulf Chemical and Metallurgical Corp. …………………..  8 

 
V. Vanadium in the United States Defense Industrial Base ..........................................9 

VI. Vanadium Reserves and Production ……………………………………………… 9 

VII. Vanadium Imports…………………………………………………………………. 12 

a. Ferrovanadium Imports…………………………………… 12 
b. Vanadium Pentoxide Imports …………………………….. 15 
c. Vanadium chemicals ………………………………………  17 
d. FeV Trade Remedies ………………………………………  17 

 
VIII. Imports of Vanadium Do Not Threaten the National Security ………………....  18 

IX. Imports of Vanadium Should Not Be Restricted ………………………………… 19 

a. No restrictions ……………………………………………… 19 
b. Restrictions Should Not Be Applied to Imports of 

Ferrovanadium ……………………………………………..  20 
 

 
 



ii 

LIST OF ATTACHMENTS 

1. P.S. Mitchell, The Production and Use of Vanadium Worldwide
2. Largo Corporate Presentation June 2020
3. Roskill: Vanadium 17th ed., Update 3 – Business Proprietary Document
4. Vanadium Feedstocks and Products
5. IDA High-Purity Vanadium Study
6. USGS Vanadium Data Sheet, US Mineral Commodities Summaries 2020
7. DoD Memo in Response to Aluminum and Steel Policy 2018
8. USGS Niobium Data Sheet, US Mineral Commodities Summaries 2020
9. North America – Vanadium Feed Sources.
10. Preparation of High Purity Vanadium from a Stone Coal
11. AMG – Shareholder Minutes (May 2017)
12. Ohio Air Quality Development Authority Issuer Statement re AMG
13. Ullman’s Encyclopedia of Industrial Chemistry: Vanadium and Vanadium Compounds -

Business Proprietary Document
14. EVRAZ Stratcor Press Release (October 24, 2012)
15. EVRAZ Rocky Mountain Steel - Vanadium Costs in Vanadium Alloy Steel – Business

Proprietary Information



1 

I. Executive Summary

In this Section 232 national security investigation concerning vanadium products, not all 

vanadium products should be treated alike. The principal objective of a Section 232 investigation 

is to determine whether domestic producers of the product under investigation have the capacity 

to meet projected national defense requirements. The only vanadium product that has been 

specifically identified as a national security concern is high-purity vanadium pentoxide, which is 

used as an alloy in metal gas turbine engines for military and commercial aircraft, airframe 

structure joints, infrared cameras and vanadium redox batteries.  Concerns about the domestic 

production of high-purity vanadium pentoxide (V2O5), which accounts for less than 5% of 

domestic vanadium consumption, should not be used to rationalize the imposition of import 

restrictions on ferrovanadium, which is used principally as an alloy in high-strength low-alloy 

(“HSLA”) steel.   

More than 90% of the vanadium used in the United States is consumed in the form of 

ferrovanadium.  The leading United States domestic producer of ferrovanadium is AMG 

Vanadium.  AMG recycles widely available North American feedstocks, i.e., spent catalysts 

from oil refineries, to produce large volumes of ferrovanadium in the United States.  AMG holds 

a 30% to 40% share of the U.S. ferrovanadium market.  Because AMG collects fees for recycling 

spent catalysts, the viability of its recycling operation does not depend on the price of 

ferrovanadium.    

The United States Department of Defense (DoD) has acknowledged that U.S. military 

requirements only consume about 3% of domestic steel production.  Consequently, AMG’s 

production of ferrovanadium is more than adequate to serve the ferrovanadium demands of the 



2 

United States defense industrial base.  But, AMG cannot supply all of America’s demand for 

vanadium used in commercial applications.  Vanadium imports are necessary to support the 

commercial industrial base in the United States.  The imposition of import restrictions on 

ferrovanadium will raise costs for American steel producers, making them less competitive in 

world markets, without having any beneficial impact on the national security of the United 

States. 

United States domestic vanadium pentoxide producer U.S. Vanadium LLC can use a 

variety of feedstocks, including spent catalysts, to produce high-purity vanadium pentoxide.  If 

foreign sources of vanadium pentoxide become unreliable in a crisis, U.S. Vanadium can 

produce vanadium pentoxide for the defense industrial base using locally available feedstocks.  

As in the case of ferrovanadium, although domestic vanadium producers can produce enough 

vanadium pentoxide to meet the needs of the defense industrial base, they do not have the 

capacity to meet U.S. commercial demand.  Vanadium pentoxide imports are needed to meet 

America’s needs. 

II. Legal Standard for Section 232 Investigations

Section 232 requires the Secretary of Commerce to advise the President if any article “is 

being imported into the United States in such quantities or under such circumstances as to 

threaten to impair the national security.”  See 19 U.S.C. § 1862(b)(3)(A).  Section 232(d) directs 

the Secretary and the President to give consideration to the domestic production needed for 

projected national defense requirements and the capacity of the United States to meet national 

security requirements.  See 19 U.S.C. § 1862(d).  
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Section 704 of the Commerce Department’s regulations, 15 C.F.R. §704, describes the 

relevant inquiry under Section 232: 

(a) To determine the effect on the national security of the imports of the article
under investigation, the Department shall consider the quantity of the article in
question or other circumstances related to its import. With regard for the
requirements of national security, the Department shall also consider the
following:

(1) Domestic production needed for projected national defense
requirements;

(2) The capacity of domestic industries to meet projected national defense
requirements;

(3) The existing and anticipated availabilities of human resources,
products, raw materials, production equipment and facilities, and other
supplies and services essential to the national defense;

(4) The growth requirements of domestic industries to meet national
defense requirements and the supplies and services including the
investment, exploration and development necessary to assure such growth;
and

(5) Any other relevant factors.

(b) In recognition of the close relation between the strength of our national
economy and the capacity of the United States to meet national security
requirements, the Department shall also, with regard for the quantity, availability,
character and uses of the imported article under investigation, consider the
following:

(1) The impact of foreign competition on the economic welfare of any
domestic industry essential to our national security;

(2) The displacement of any domestic products causing substantial
unemployment, decrease in the revenues of government, loss of
investment or specialized skills and productive capacity, or other serious
effects; and

(3) Any other relevant factors that are causing or will cause a weakening
of our national economy.
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III. EVRAZ Vanadium Operations

EVRAZ plc is a vertically integrated steel, mining and vanadium business with 

operations in the USA, Canada, the Czech Republic, the Russian Federation and Kazakhstan.  

EVRAZ plc is listed on the London Stock Exchange and is a constituent of the FTSE 100 index. 

From 2006 until 2019, EVRAZ plc owned EVRAZ Stratcor, Inc., which was engaged in 

the production, importation and distribution of vanadium products for the steel, titanium and 

chemical industries, including ferrovanadium, vanadium-based chemicals and oxides, vanadium 

alloys and vanadium chlorides.  EVRAZ Stratcor produced vanadium-based chemicals, 

vanadium oxides and vanadium chlorides at a plant in Hot Springs, Arkansas.  In 2019, EVRAZ 

plc sold its Hot Springs plant to U.S. Vanadium.  On March 17, 2017, EVRAZ plc sold its 

interest in the South African vanadium producer Vametco Alloys Proprietary Limited 

("Vametco") to Bushveld Minerals Limited. 

Currently, EVRAZ plc conducts its North American vanadium business exclusively 

through its subsidiary EVRAZ East Metals NA, LLC (“EMNA”), a division of Evraz North 

America Inc which owns and operates steel plants in Oregon and Colorado.  EMNA’s vanadium 

business consists of the importation and distribution of ferrovanadium produced: 1) in the Czech 

Republic (“CZE”) by EVRAZ Nikom, a.s., (“Nikom), a wholly owned subsidiary of EVRAZ 

plc; 2) in Russia by EVRAZ Vanady Tula, a wholly-owned subsidiary of EVRAZ plc; or 3) 

pursuant to a tolling agreement with an unrelated Austrian company, Treibacher Industries AG, 

using vanadium bearing steel slag supplied by EVRAZ plc.  The ferrovanadium imported by 

EMNA is sold principally to American steel companies that use ferrovanadium as an alloying 

element in the production of high strength low alloy (“HSLA”) steels.   
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IV. U.S. Vanadium Producers 

 
a. AMG Vanadium 

 
AMG Vanadium is a subsidiary of AMG Advanced Metallurgical Group N.V., a global 

conglomerate headquartered in Amsterdam, Netherlands.  The AMG Group has production 

facilities in Germany, the United Kingdom, France, the Czech Republic, the United States, 

China, Mexico, Brazil, India, Sri Lanka and Mozambique. 

AMG Vanadium is the largest recycler of spent catalyst in the world and the largest 

ferrovanadium producer in North America.  AMG recovers vanadium from spent catalysts 

generated by oil refineries in North America. AMG’s business model is driven by the fees it 

collects for recycling spent catalysts, not by prices for ferrovanadium.  AMG’s business model 

was described in a bond issuer statement by the Ohio Air Quality Development Authority1 as 

follows: 

{AMG}provides environmentally-friendly recycling services to the North 
American petroleum industry, processing spent catalyst into ferrovanadium and 
related products.  Cambridge I has a proprietary process with the lowest overall 
emissions (including no waste water) and highest conversion to salable products 
(99%) in the industry. It is the largest and most reliable vanadium supplier in 
North America, with 6 million pounds of annual ferrovanadium production 
capacity and a market share of ~40% in the United States. It is also the largest 
spent residual oil (“resid”) catalyst processor in the world. Cambridge I takes 
spent resid catalyst generated from oil refining and recovers ferrovanadium and 
other specialty materials. AMG Vanadium plans to double its capacity to process 
spent resid catalyst by building a copy of its plant in a project named “Cambridge 
II.” Cambridge II uses substantially similar processes and technology as 
Cambridge I, which will remain online following completion of Cambridge II. … 

The bond issuer statement goes on to say: 

                                                           
1 See Attachment 12, Ohio Air Quality Development Authority Issuer Statement re AMG, at B-1. 
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In vanadium, AMG is the only North American producer and has a unique 
competitive advantage via its tipping fee economics and its environmentally-
friendly process. AMG produces vanadium by recycling spent refinery catalysts 
and the operating costs of the business are currently covered by tipping fees paid 
by the refiners to AMG. These tipping fees have been negotiated to be 
significantly higher going forward. Refiner contracts also include provisions to 
share the vanadium price risk with AMG.2 

Recent developments in AMG’s catalyst recycling business include: 

• 60% higher processing fees have been negotiated from the company’s largest
spent catalyst supplier, shifting AMG’s contracts toward stable, fee-based
profitability.

• Spent catalyst contracts include sharing of the vanadium revenues, reducing
AMG’s exposure to vanadium price volatility.

• Spent catalyst production is expected to double over the next 5 years due to the
new {International Maritime Organization} regulation.

• With Cambridge II, AMG’s combined spent catalyst recycling capacity will be
60k tons of the 75k tons available in North America … .3

The potential imposition of Section 232 tariffs on ferrovanadium will have no impact on 

AMG’s plan to expand its productive capacity in Ohio.  In an earnings call held on May 4, 2019, 

Heinz C. Schimmelbusch, Chairman of the Management Board & CEO of AMG Advanced 

Metallurgical Group N.V., made it clear that ferrovanadium sales were not and will never be an 

important consideration in its decision to expand its Ohio facility.  AMG’s business model is 

driven by the fees it collects for recycling spent catalysts.  When asked whether fluctuations in 

vanadium prices could impact AMG’s expansion plans, Mr. Schimmelbusch said: 

Now to vanadium, I want to upfront make a point to avoid a misunderstanding. 
When we are expanding Cambridge 2 or building Cambridge 2, doubling the capacity in 
Ohio, we're looking at a very thorough decision-making process and a very thorough 
negotiation process with various suppliers. The key element of vanadium, in our case, 

2 Id. At B-10. 
3 Id. At B-21. 
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recycling of recycling, is the recycling fee. We are not a mine. We are extracting metals, 
but the first thing we extract is a fee. 

Later, Mr. Schimmelbusch went on to say: 

Vanadium, as regard to vanadium prices, number one, our recycling project is 
resting on recycling fee.  And since I'm -- I shouldn't do that, but I will.  If I have an order 
of magnitude recycling fees presently of $30 million, and if I have a rising recycling fee 
scenario in future applicable to Cambridge 2, and let's assume redoing pro forma the 
present scenario, I would have then a recycling fee of $50 million, order of magnitude, 
reflecting the fees of the future.  And if I then double -- for just a second.  And if I then 
double $50 million because Cambridge 2 has the same capacity as Cambridge 1, then the 
recycling fee component of this operation is $100 million. 

And that is by far the largest element of decision-making.  I would do Cambridge 
2 based on recycling fees only because it's a very positive number.  So it's a conservative 
long-term assumption for the vanadium market, very conservative long-term assumption 
to it. We would do a scenario of $25 to $30. We would do one in $35.  We would do 
another one from $20 to $40, a lot bigger number.  But that's not changing our decision to 
build Cambridge 2. Cambridge 2 will be built because we have enormous pressure of 
spent catalysts seeking a home. 

 On September 26, 2019, AMG announced that it has signed a long-term agreement to 

supply 100% of its available ferrovanadium production from both the existing and future Ohio 

facilities to Glencore AG, a subsidiary of Glencore plc (“Glencore”).  Glencore is a British 

multinational commodity trading and mining company with headquarters in Baar, Switzerland.  

b. US Vanadium 
 

U.S. Vanadium Holding Company LLC produces and sells a range of specialty vanadium 

chemicals, including high-purity vanadium pentoxide, vanadium trioxide, and ammonium 

metavanadate.  In 2019, USV acquired EVRAZ Stratcor’s former facility in Hot Springs 

Arkansas, which produces high-purity vanadium pentoxide, with a minimum vanadium content 

of 99.6%.   
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Since at least 2012, the Hot Springs, Arkansas vanadium production facility now owned 

by US Vanadium has been capable of producing high-purity V2O5 from roasted steelmaking 

slag, oil residues, ashes, and spent catalysts that are widely available.4  Vanadium oxide 

produced at the Arkansas facility is used to produce maleic anhydride catalysts, bismuth 

vanadate pigments and vanadium redox flow batteries.  USV also manufactures downstream 

vanadium chemicals used in the chemical, petrochemical and titanium industries, 

c. Gulf Chemical and Metallurgical Corp. 
 

 Gulf Chemical and Metallurgical Corporation formerly produced ferroalloys, including 

vanadium alloys, by recycling spent petroleum catalysts.  Gulf used a hydrometallurgical 

operation to produce molybdenum and vanadium, as well as a pyrometallurgical operation to 

produce metallic alloys and alumina products.  Gulf filed a declaration of bankruptcy and ceased 

operations in 2016.  The closure was attributed to environmental enforcement issues that Gulf 

could not overcome.5   

As summarized by AMG, “in vanadium we benefited from the exit of our only 

competitor and that is a consequence of technology.  Because we applied proprietary self-

developed technology which does not use water or create waste water.  And our competitor did 

not figure this out, so he created waste water.  The only way to get vanadium out of waste water 

is not to put it in.  Then our competitor was in the end surrounded by a blue lagoon, because he 

also recycled cobalt. And now he is gone and we are expanding into that empty market place, 

because our competitor has left, … .”6 

                                                           
4 See Attachment 14, EVRAZ Stratcor Press Release (October 24, 2012). 
5 https://www.wsj.com/articles/gulf-chemical-metallurgical-files-for-bankruptcy-protection-1465919807; 
https://thefacts.com/article 72c72ed5-5d83-5786-91d4-56a2d48475d4.html  
6 See Attachment 11 at 6-7. 
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V. Vanadium in the United States Defense Industrial Base 

Vanadium was included on the Final List of Critical Minerals published by the United 

States Department of the Interior in 2018. 83 Fed. Reg. 23295 (May 18, 2018).  An August 2019 

study requested by the U.S. Defense Logistics Agency (DLA) and conducted by the Institute for 

Defense Analysis (IDA) indicates that the vanadium product of concern from a national security 

perspective is high purity vanadium pentoxide.7  DLA did not request a national security review 

of ferrovanadium. 

According to the IDA, vanadium is added to metal alloys to obtain desired properties, 

such as strength and stability at high temperatures, wear resistance, and corrosion resistance. 

High purity vanadium—typically in the form of high purity Vanadium-Aluminum master 

alloys—are used in alloys for gas-turbine engines, in metal foils used for cladding airframe 

structure joints, and in the production of components for infrared cameras. Vanadium redox flow 

batteries (VRBs) are an emerging application that could impact the supply of high purity 

vanadium pentoxide—a precursor used in the production of vanadium chemicals and V-Al 

alloys. 

VI. Vanadium Reserves and Production 

Vanadium is the seventeenth most commonly occurring element in the earth's crust.  

Vanadium-bearing mineral ores are widely distributed across the globe.8  In its 2020 report on 

vanadium, the United States Geographic Survey (“USGS”) summarized worldwide vanadium 

production and reserves: 

                                                           
7 Institute for Defense Analysis, Estimating Supply, Demand, and Base Case Shortfalls for High Purity Chromium and 
High Purity Vanadium for U.S. Defense and Essential Civilian Applications in Support of the Strategic and Critical 
Materials 2019 Report on Stockpile Requirements (August 2019) at 29-41. 
8 See Attachment 1, P.S. Mitchell, THE PRODUCTION AND USE OF VANADIUM WORLDWIDE at 1. 
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Mine production   Reserves 

2018   2019e (thousand metric tons) 

United States   -- 470 45 

Australia   -- -- 4,000 

Brazil   5,500  7,000 120 

China   40,000 40,000 9,500 

Russia   18,000 18,000 5,000 

South Africa   7,700  8,000 3,500 

World (rounded) 71,200 73,000 22,000 

At the current rate of usage, the known exploitable resources for vanadium will last hundreds of 

years.9   

 While vanadium-bearing ores are plentiful, most vanadium (about 65%) is recovered 

from slag generated during iron and steel production.  Spent oil refinery catalysts and magnetite 

ores each account for about 15% of vanadium feedstocks.  The remining 5% of vanadium is 

recovered from stone coal.10  This mix of vanadium resources led the USGS to observe that 

“[b]ecause vanadium is typically recovered as a byproduct or coproduct of steel and oil 

production, demonstrated world resources of the element are not fully indicative of available 

supplies.”11  USGS went on to state that “domestic resources and secondary recovery are 

adequate to supply a large portion of domestic needs… .”  

9 Id. 
10 Id. See also Attachment 4, Vanadium Feedstocks and Products, and Attachment 2, Largo Corporate Presentation 
June 2020 at 6. 
11 USGS Vanadium Data Sheet, US Mineral Commodities Summaries 2020, Attachment 6, at 2.   



Public Version 



12 

VII. Vanadium Imports

a. Ferrovanadium Imports

 In 2018, there was perceived to be a worldwide structural shortage of vanadium 

products, including ferrovanadium.15  The perceived shortage was based on, among other things, 

the belief that new Chinese regulations requiring the use of HSLA rebar in new construction 

would increase demand for ferrovanadium, the use of vanadium in vanadium redox batteries 

(“VRBs”) would rise, and the growth in the U.S. economy would continue.16  As a result, prices 

for ferrovanadium spiked to a high of $125/kg in November 2018.  The 2018 spike in vanadium 

prices produced a windfall for AMG.  On February 28, 2019, AMG announced its financial 

results for 2018, stating: “AMG Critical Materials generated EBITDA of $55.7 million during 

the fourth quarter of 2018, an increase of 107% from $26.9 million in the fourth quarter of 2017, 

due to a combination of higher vanadium prices, as well as improved product mix and strong 

sales volumes across much of the Critical Materials portfolio.”  Operating profits for AMG 

Critical Materials increased by 129% from FY 2017 to FY 2018. 

The 2018 spike in prices also brought high cost competitors into the market and induced 

metal speculators to run up inventories.  But, a combination of factors has caused ferrovanadium 

prices to fall precipitously since 2018.  The anticipated increase in demand for vanadium 

products did not materialize.  China has been slow to implement its HSLA steel regulations, 

VRB demand has been suppressed by prices for traditional energy products, i.e., oil & gas, and 

the COVID-19 pandemic has induced a global economic downturn.   

15 See Roskill: What lies ahead for a vanadium market in deficit? (May 7, 2019). 
16 See Roskill, Vanadium 17th Edition Update 3 – January 2020, Attachment 3. - Business Proprietary 
Document 
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Ferrovanadium Prices (yearly average in $/kgV): 17 

2015 2016 2017 2018 2019 2020 
$20.28 $20.48 $33.99 $86.25 $49.18 $25.27 

Imports of Ferrovanadium (Volume in kg) 

18

2016 2017 2018 2019 2019 (YTD) 2020 (YTD) 
[ ] 

Imports of Ferrovanadium (Value in $):19 

17 Source: Metal Bulletin. 
18 Source: USITC Database supplemented with approximate volume of Czech imports based on EVRAZ internal 
records. 
19 Source: USITC Dataweb.  
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High cost ferrovanadium suppliers left the U.S. market in 2019 when prices receded.  

Imports from traditional foreign sources also fell with the general decline in demand.  After 

supplying substantial quantities of ferrovanadium to the United States in 2018 and 2019, Japan, 

Germany, Russia, India, South Africa and South Korea abandoned the U.S. market entirely in 

2020.  The value of imports of ferrovanadium from all sources fell by 70% during the first four 

months of 2020 compared to the first four months of 2019. 

When prices for ferrovanadium spiked in 2018, many steel producers began using 

niobium as a substitute for ferrovanadium.  It is not clear whether these steelmakers will switch 

back to ferrovanadium despite recent price declines.    

The substitution of niobium for ferrovanadium in steelmaking is likely to render any 

restriction on imports of ferrovanadium ineffective.  Increased utilization of niobium will, 

instead, create a serious risk of anticompetitive conduct and supply disruptions because one 

Country Year 2016 Year 2017 Year 2018 Year 2019 2019 YTD ( Jan - Apr ) 2020 YTD ( Jan - Apr )
Czech Republic 20,127,637 18,986,391 32,293,460 45,781,415 20,995,977 13,629,329
Canada 2,087,470 16,481,158 41,512,306 50,769,766 33,447,965 6,960,430
Austria 15,922,154 38,713,401 119,233,854 29,785,885 14,999,739 5,185,288
Latvia 0 427,891 6,505,994 4,962,273 2,699,145 648,753
Ukraine 0 0 3,882,510 12,300,804 8,068,775 480,139
Vietnam 0 0 0 0 0 150,110
Brazil 64,153 0 0 0 0 0
Switzerland 0 0 0 0 0 0
New Zealand 0 0 0 177,510 0 0
Taiwan 277,433 0 0 0 0 0
Singapore 38,452 0 0 0 0 0
Germany 37,543 0 31,250 424,885 424,885 0
India 306,356 814,584 5,098,628 428,635 428,635 0
Colombia 34,300 0 0 0 0 0
Japan 790,663 813,200 7,260,016 13,536,470 7,388,680 0
China 126,516 0 0 0 0 0
Sweden 0 0 0 84,785 0 0
South Africa 0 0 312,761 0 0 0
South Korea 3,720,147 0 629,400 0 0 0
Russia 4,288,145 18,368,082 14,116,416 4,990,736 978,271 0
TOTAL 47,820,969 94,604,707 230,876,595 163,243,164 89,432,072 27,054,049
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company, Companhia Brasileira de Metalurgia e Mineração (“CBBM”), in Brazil controls the 

world market for niobium products.  USGS estimates that Brazil accounts for 88% of global 

niobium production.20   

Instead of sourcing ferrovanadium from domestic producers and any of a dozen foreign 

countries, Section 232 tariffs will present U.S. steelmakers with a choice of high domestic prices 

offered by a single domestic producer, AMG, or high niobium prices offered by a single foreign 

producer, CBMM.  In either case, the American steel industry will be placed at a cost 

disadvantage vis a vis their foreign competitors, discouraging investment in the United States 

industrial base.   

b. Vanadium Pentoxide Imports

Vanadium pentoxide demand and prices also spiked in 2018 before falling quickly back 

to pre-2018 levels by the beginning of 2020.   

Vanadium Pentoxide Import Value ($) 

21

20 See Attachment 8, USGS Niobium Data Sheet, US Mineral Commodities Summaries 2020 
21 Source: USITC Dataweb 

Country Year 2016 Year 2017 Year 2018 Year 2019 2019 YTD ( Jan - Apr ) 2020 YTD ( Jan - Apr )
Thailand 0 0 0 330,696 330,696 0
United Kingdom 2,060 0 0 0 0 0
Taiwan 4,089,171 9,027,894 2,283,370 1,148,475 117,210 1,197,517
Germany 3,053,619 2,529,836 4,026,510 4,983,920 3,012,864 1,530,960
South Korea 453,303 659,664 3,890,099 2,469,746 2,469,746 0
South Africa 8,943,612 24,055,541 49,573,294 45,458,609 15,355,378 8,689,934
Russia 0 0 0 2,849 0 0
China 5,274,240 7,034,523 23,612,902 2,314,146 36,500 304,793
Brazil 3,560,772 17,012,654 86,916,661 53,157,073 31,683,498 12,413,707
Switzerland 0 0 501,883 51,132 51,132 0
TOTAL 25,376,777 60,320,112 170,804,719 109,916,646 53,057,024 24,136,911
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Vanadium Pentoxide Prices (yearly average in $/kgV): 22 

2016 2017 2018 2019 2020 

$14.21  $27.27  $71.61  $36.87  $24.07 

22 Source: Metal Bulletin. 
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c. Vanadium chemicals

Vanadium chemicals,23 including vanadium carbides, i.e., “Nitrovan”, also saw a rise and 

then fall in demand and prices over the last five years. 

24

2015 2016 2017 2018 2019 

292 407 526 470 150 

d. FeV Trade Remedies

The United States currently has antidumping duty orders in place on ferrovanadium 

imported from China, South Korea and South Africa.  In 2012, the United States Department of 

Commerce determined that the importation of vanadium pentoxide from the Russia for toll 

conversion into ferrovanadium in the United States did not constitute circumvention of the 

23 Vanadium chemicals Include hydrides, nitrides, sulfates, and vanadates of vanadium.  See USGS Vanadium Data 
Sheet, US Mineral Commodities Summaries 2020, Attachment 6.   
24 Source: USGS Vanadium Data Sheet, US Mineral Commodities Summaries 2020, Attachment 6.   
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former antidumping duty order on ferrovanadium from Russia.25  The antidumping duty order on 

ferrovanadium imported from Russia was revoked in its entirety 2012. 

VIII. Imports of Vanadium Do Not Threaten the National Security

Vanadium imports do not threaten the national security of the United States because there 

are ample feedstock resources (ore, spent catalysts and slag) in North America to meet demand 

for all vanadium products in the event of a war or other national emergency.  Further, U.S. 

domestic producers have the technology and the capacity to produce all vanadium products from 

the feedstocks available in North America. 

The largest US ferrovanadium producer, AMG, has a business model that is profitable 

based solely on collection of the recycling fees it receives for processing spent catalysts. The 

growing demand for recycling of spent catalysts means that AMG is profitable now and will be 

even more profitable when it doubles its recycling capacity with the opening of its Cambridge II 

plant.  Because AMG’s business model is based on the need to recycle refinery waste, the 

presence of ferrovanadium imports in the United States is inconsequential for AMG.  In these 

circumstances, imports of ferrovanadium cannot and do not threaten the economic viability of 

AMG, which has a secure hold on 30% to 40% of the U.S. ferrovanadium market.  AMG’s 

market share will grow dramatically when its new recycling plant is fully operational. 

While AMG and USV have far more capacity than is needed to meet US defense needs, 

which account for less than 5% of vanadium demand, they are not capable of meeting all the 

commercial demand for vanadium in the United States.  Due to this shortfall, imports of 

vanadium are essential to American manufacturers and, in particular, to American steelmakers.  

25 77 FR 46712 (August 6, 2012). 
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Unnecessary tariffs on vanadium imports will increase costs for downstream products, making 

U.S. products less competitive in world markets and discouraging investment in the American 

industrial base.   

For example, EVRAZ Rocky Mountain Steel, located in Pueblo, Colorado, uses 

vanadium as an alloy in its production of steel for HSLA rebar.  Approximately, [    ] of the cost 

of the steel is attributable to vanadium alloys added.26  If a special Section 232 tariff increased 

vanadium costs by 50%, Rocky Mountain’s costs to produce steel for HSLA rebar would 

increase by approximately [  ], giving foreign producers of steel for HSLA rebar a [   ] cost 

advantage over Rocky Mountain.  This would undermine the ability of Rocky Mountain and its 

customers to compete in the United States and abroad. 

IX. Imports of Vanadium Should Not Be Restricted

a. No restrictions

The facts summarized above demonstrate that domestic sources of vanadium, including 

vanadium recovered from ore, slag and spent oil refinery catalysts, are more than adequate to 

meet the needs of the United States defense industrial base.  All downstream vanadium products, 

including high-purity vanadium pentoxide, can be produced from locally available feedstocks.  

There is no indication that imports of vanadium products threaten to undermine the continued 

production of vanadium products in the United States for either defense or commercial 

applications.  Based on this record, there is no indication that imports of vanadium products 

threaten the national security of the United States.  Consequently, there is no need for the United 

States to impose import restrictions that would increase the cost of vanadium for United States 

26 See Attachment 15. 
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industrial manufacturers.  Such unnecessary costs will discourage manufacturers from investing 

in the United States, weakening rather than strengthening America’s industrial base. 

The Department should also refrain from imposing monetary harm on importers like 

EMNA without giving those importers notice and a reasonable opportunity to be heard 

concerning the allegations made in the petition filed by AMG and USV which prompted this 

investigation. Despite the Department’s promise of transparency, no part of the vanadium 232 

petition has been disclosed publicly or under an appropriate administrative protective order.  

EMNA has thus been deprived of its constitutional right to due process of law in connection with 

the adverse impact on EMNA’s finances and property interests. 

b. Restrictions Should Not Be Applied to Imports of Ferrovanadium 
 

If, despite the ample supply of vanadium resources in North America, the Commerce 

Department believes some action should be taken based on concerns about import dependence in 

the high-purity vanadium pentoxide segment, remedies should not be applied to ferrovanadium.  

Ferrovanadium has been processed to such an extent that it cannot be used as an alternative to or 

as a feedstock for the domestic production of high-purity vanadium pentoxide.  Imports of 

ferrovanadium, therefore, have no current or potential impact on domestic production of high-

purity vanadium pentoxide for defense or commercial applications.  Section 232 remedies should 

not be applied to imports of ferrovanadium because they do not constitute a threat to the national 

security of the United States. 
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THE PRODUCTION AND USE OF 

VANADIUM WORLDWIDE 
P.S. Mitchell 

Vanitec, Winterton House, High Street, Westerham, Kent TN16 lAQ U. K. 
 
  1. Introduction 
  Vanadium, a member of Group V of the 
periodic table, has atomic number 23, atomic 
weight 50.942, melting point 1887℃  and 
boiling point 3337℃. In its pure state it is 
brilliantly White, is hard and has a 
body-centred cubic structure, of lattice 
parameter 3 .024Å. It is the seventeenth most 
commonly occurring element in the earth's 
crust and is hardly ever used in its own right. 
Vanadhan is, however, an invaluable alloying 
element in iron steel and Ti-Al-V alloys for 
aerospace uses. Its compounds are also very 
useful in a diverse range of other applications 
extending from catalysts, to ceramics, to 
pigments, to batteries etc. 
 
  Based on this diverse range of uses a 
worldwide industry aimed at recovering and 

using vanadium has developed. This industry 
exists on most of the world's continents and it 
is the purpose of this paper to give some 
background information on the sources, 
production and use of vanadium. 
 
  2. Sources 
  As noted above, vanadium is the 
seventeenth most commonly occurring 
element in the earth's crust and it has very 
wide distribution throughout the globe. Some 
of the mere important deposits are shown in 
Figure 1. These deposits include the 
titaniferrous of China, Russia, South Africa, 
Western Australia and New Zealand, as well as 
the oil-related deposits of Venezuela, 
Alberta-Canada, the Middle East and 
Queensland-Anstralia, in addition to ore and 
clay deposits in the USA.

 

           

 
Fig 1. Main Deposits of Vanadium 

 

● Magnetite/Iron Sands  ■ Oil Based  ◊  Phosphorous Ores  ◊  Uranium Ores  ◊

Vanadiferous Clays 
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  At present the most important deposits are 
the titaniferrous magnetites which can contain 
up to, perhaps, l.8% V205 followed some way 
behind by the oil-based deposits. As far as is 
known, no significant recovery of vanadium is 
presently obtained from the ores and clays in 
the USA, the titaniferrous magnetites of 
Scandinavia or from the deposits in Brazil and 
Chile. 
 
  Table l (l) gives an indication of the world's 
exploitable reserves and the reserve base. The 
exploitable reserves are those which are 
deemed to be economically viable using 
existing technology. The reserve base contains 
those which may become viable at some future 
date, possibly using as yet undeveloped 
technology. Of the 63 million tonnes V of total 
reserves which are available, just over l 0 
million tonnes V are in the exploitable reserves, 
With a further 31.1 million tonnes V in the 
reserve base. Table I also shows that the vast 
majority of the exploitable reserves are 
contained within the titaniferrous magnetites 
of China, Russia and South Africa. 
 

Table I. Commercially Exploitable reserves and 
Reserve Base 

 Commercially 
Exploitable reserves 
(10.2mt) 
% 

Reserve 
Base 
(31.094mt) 
% 

Australia 1.6 7.7 
China 19.6 9.6 
Russia 48.9 22.5 
South Africa 29.4 40.2 
U.S.A - 12.9 
Others 0.5 7.1 

 
  It is also worth noting that, at the current 
rate of usage of Vanadium, the exploitable 
reserves will last for almost three hundred 
years. 
 
  3. Recovery of Vanadium 

  In most cases, the primary Production of 
vanadium is as a by-product associated with 
the extraction or use of other metals and oil. 
This production of Vanadium is almost always 
as an oxide, either V205 or V203. There are 
three important routes for recovery and these 
are summarised in Figure 2. 
 
  In the most important route, Vanadium is 
recovered as V205 contained in an intermediate 
slag which is formed between ironmaking and 
steelmaking in integrated steelworks, such as 
at Panzhihua in China, Highveld in South 
Africa and Nzhny Tagil in Russia. At these 
steelplants the Vanadium contained in the iron 
ore is taken into solution in the iron during the 
ironmaking process. The hot metal is then 
oxidised and a slag, which contains between 
10% and 25% V205, is formed and removed 
before the hot metal is passed on for final 
steelmaking. The slag containing l0-25% V205 
is then treated in a roast/leach process, the end 
product of which is Vanadates or Vanadium 
oxides. Between 50% and 60% of the world's 
primary Vanadium units are recovered in this 
manner. 
 
  The second most important route for 
recovery of primary Vanadium involves the 
direct treatment, in a roast/leach process, of 
ore which, as mentioned above, can contain up 
to 1.8% V205, once again producing vanadates 
or Vanadium oxides. There are five or six 
companies, mainly in South Africa and 
Australia, involved in this type of processing 
and it probably accounts for 25-30% of the 
world's supply of primary Vanadium units. 
 
  The third route for recovery involves 
reclamation of Vanadium contained in the ash 
from power plants, in spent catalysts and in 
other residues. Processing is, once again, by 
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roast/leach to form Vanadates and oxides and, 
in the case of catalysts, is frequently associated 
with the co-recovery of cobalt, molybdenum 
and nickel. This route for recovery accounts 
for l5-20% of the world's supply  
of Vanadium and involves eight to ten 
companies, mainly in North America and 

Japan. However, as environmental legislation 
becomes tougher, increasingly ruling out the 
possibility of dumping the waste materials 
which contain Vanadium, it is expected that 
this area of recovery will grow and will 
account for at least some of the feedstock at 
most, if not all, primary Vanadium producers. 

 

Fig. 2. Recovery of Vanadium 
 
  The world capacity for Production of 
primary Vanadium as vanadates and oxides, is 
believed to be of the order of 127000 tonnes of 
V205 and a breakdown, by region, is shown in 
Table II. 
  This clearly indicates the important roles 
played by China, Russia and South Africa in 
thc recovery of vanadium, as well as the less 
important role played by Japan. It is also 
notable that there is no significant primary 
production of Vanadium in Europe. 
 

TabaleⅡ  World Capacity for Production  
         of Primary Vanadium 

Country/Region Estimated Production  
Capacity   % 

Australia 5.8 
China 18.4 
Japan 1.3 
N. America 14.1 
Russia 18.6 
S. Africa 37.7 

 
  After primary recovery, most of the 
Vanadium is converted by alumino-thermic, 
thermal or chemical means, into the products  
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which are used worldwide including FeV, V-Al 
master alloys, Vanadium chemicals and 
catalysts and also some Vanadium meal and 
alloys. Such conversion activities, involving 
over 25 companies, take place in every 
industrialised region of the world, with the 
emphasis moving away from countries which 
are primary producers, to countries which are 
consumers. This is illustrated in Table III from 
where it can be seen, for example, that Europe 
which did not figure in the list of primary 
producers, does have significant conversion 
activities. Furthermore, Japan and North 
America have significant conversion activities 
while South Africa and China both have lower 
levels of conversion than might be expected   
from their levels of primary recovery. 
 
It should also be noted that some 
Vanadium-containing steelmaking slag is 
converted directly to FeV without being 
processed in a roast leach process. However, 
this is very much a minor route. 
 
  4. Consumption of Vanadium 
  During 1999, estimated consumption of 

Vanadium was 33,250 tonnes V. An estimate of 
the geographical distribution for this 
consumption along with the distribution of 
primary production of Vanadium for 1999 is 
shown in Table IV. Comparison of the table 
with Table III emphasises that Vanadium 
conversion tends to take place close to areas of 
consumption. It also suggests that there is a 
significant international trade in primary 
Vanadium units with China, Russia and South 
Africa being the main suppliers and Japan, 
North America and Europe being the main 
consumers. At the end of 1999 beginning of 
2000 Australia also joined the supply chain 
and is expected to contribute approximately 
13% to world production of Vanadium. 
 
Table III. Geographical Distribution of FeV  
   Conversion Production Capacity in 1999 
Country/Region Estimated % of World Production 

Capacity for FeV 
China 13.5 
Japan 14.9 
N. America 18.6 
Russia 19.0 
S. Africa 22.0 
W. Europe 26.0 
Others 5.3 

 
 

Table IV. Geographical Distribution of Consumption of Vanadium and 
Primary Production of Vanadium, in 1999 

Country/Region Estimated % of World 
Consumption, in 1999 

Estimated % of World 
Production, in 1999 

China 9.3 20.1 
Japan 12.8 2.2 
N. America 30.3 12.2 
Russia 7.7 14.5 
S. Africa 1.0 45.5 
W. Europe 25.9 2.6 
Others 13.0 2.9 

 
  While Vanadium is utilised in a wide range 
of industries, by far the most important 
consumer is the steel industry. Data compiled 
by the US Geological survey indicates that, in 
l998, 87% of Vanadium recovered was used by 
the steel industry, while the remaining 13% 

was consurned in a range of industries 
including aerospace, chemicals and catalysts. 
Of this 13%, around 8-l0% was probably 
utllised in the manufacture of Ti-Al-V alloys 
for aerospace applications with the other 
applications being responsible for the 
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remainder. 
 
As can be noted from Figure 3 (a) and (b), as 
steel production has increased, so has 
vanadium consumption. However, it is also 
apparent from comparison of these figures that, 
recently, Vanadium consumption has increased 
more rapidly than steel production. indicating 
new consumption. A good indication of this 
new consumption can be obtained by dividing 
total Vanadium consumption in any one year 
by crude steel production in that year. While 
this indicator may overestimate the specific 
consumption of vanadium by about 13%, it 
does have the attribute of tending to iron out 
the effects of variability in steel manufacture 
from one year to the next. 
  Figure 4 shows the change in specific 
consumption of Vanadium since the late l970's, 
up to the present day. The important point to 
note is that, after a period of relative decline in 
the l980's and early l990's, which was 
probably due to the wide application of 
continuous casting with its improved yield and 

the general moves to improve steelmaking 
efficiency, new consumption of Vanadium has 
recovered Strongly to reach a world average of 
0.043kg/T in l999, the average in the West 
being some 16% higher at 0.05kg/T. 
 

 
Fig 3. a) Steel Production and b) Vanadium 

Consumption for l960 to 1999
 

           
Fig. 4. Change in Specific Consumption of Vanadium Since 1970 

 
  5. Use of Vanadium in Steel 
  Examination and comparison of some of the 

available Statistics on the use of Vanadium in 
Steel from three different steelmaking 
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countries, ie, Germany, Japan and the USA 
(Figure 5), indicates that there are both 

similarities and apparent differences in the 
pattern of use of Vanadium in these countries. 

 

            
Fig. 5. The Consumption of Vanadium, by End Use, for Germany, Japan and USA, in l998 

Including Shipbuilding, Heat Resistant, Forging & Rebar Steels 
 

  It is clear that Vanadium is used in tool 
steels in all three countries. On the other hand, 
the German category for special Structural 
steels do not appear to be repeated in Japan, or 
the USA. However this category includes 
linepipe (Japan) which is an HSLA Steel (USA) 
and, consequently such use of vanadium is 
also similar in all three countries. 
 
  Despite these similarities and possible 
differences, the important facts to recognise 
are that when vanadium is added to steel it is 
because it results in a benefit to steel 
production (low reheating temperatures, 
reduction in transverse cracking, reduction in 

rolling loads, properties relatively insensitive 
to rolling conditions etc) and/or an 
improvement in properties (strength, 
toughness, ductility, formability, weldability, 
wear resistance etc) leading to a reduction in 
cost. This reduction in cost may not only be 
that of the steel but also of the products 
manufactured using the steel, eg. buildings, 
bridges, ships, cars, railroads etc. 
 
  During the remainder of this seminar it is 
hoped that you will hear about many examples 
Where vanadium can assist you, as 
Steelmakers, in realising these production, 
property and cost benefits. 
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Foreword 

This document presents the results of the study and related work performed by the Institute for Defense Analyses (IDA) for the 
Defense Logistics Agency–Strategic Materials (DLA-SM) under project DE-6-4333, “Comprehensive Assistance to DLA Strategic 
Materials in Preparing Biennial Reports of the DOD to the Congress on National Defense Stockpile Requirements.” The purpose of the 
case study is to collect, develop, and assess data for use in estimating shortfalls of strategic and critical materials in support of the U.S. 
government’s National Defense Stockpile (NDS) program. The NDS program assesses U.S. civilian and defense demand for strategic 
and critical non-fuel materials and mitigates the risk of potential shortfalls during a national emergency (Strategic and Critical Materials 
Stock Piling Act, SEC. 14).1 The Under Secretary of Defense for Acquisition and Sustainment (USD(A&S)) is the Stockpile Manager. 
DLA-SM implements the NDS program for the Department of Defense (DOD), and NDS requirements are reported to the U.S. Congress 
biennially. 

SEC. 14(b) of the Stock Piling Act requires the NDS program to “base the national emergency planning assumptions on a military 
conflict scenario consistent with the scenario used by the Secretary of Defense in budgeting and defense planning purposes.”2 Applying 
this guidance, the 2019 NDS program’s “Base Case” was developed to specify the national emergency scenario, which includes a 
military conflict and a homeland defense event coupled with specific assumptions and planning factors. This scenario was developed in 
coordination with the Joint Staff, the military services, and the Office of the Secretary of Defense for Policy (OSD(P)) to ensure con-
sistency with strategic guidance and access to the best available jointly developed attrition estimates. 

                                                 
1 The Strategic and Critical Materials Stock Piling Act, 50 U.S.C. § 98 et seq., SEC. 14, https://legcounsel.house.gov/Comps/ 

Strategic%20And%20Critical%20Materials%20Stock%20Piling%20Act.pdf. 
2 Ibid. 
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Base Case assumptions and planning factors are used to assess U.S. demand for materials and their supply and include the following 
considerations:  

 Lack of available supply from adversary countries and foreign market dominators and various decrements to foreign supply
(e.g., war damage, shipping losses, and country unreliability) and congressional requirements for DOD to consider risk to
U.S. supply (i.e., a domestic single-point-of-failure).

 Decreased U.S. demand due to civilian austerity, increased emergency demands, and the use of Title I of the Defense Produc-
tion Act (DPA)—the Defense Priorities and Allocation System (DPAS)—to prioritize U.S. defense demand.

Historically, the NDS program has focused on raw materials at the “upstream” of material supply chains (e.g., mined ores and 
concentrates). When Base Case U.S. essential civilian3 and defense demands exceed supply, shortfalls are estimated. Various mitigation 
options may be considered to reduce the risk of shortfalls (e.g., traditional government stockpiling, vendor-held inventories, qualification 
of additional (domestic) suppliers, increased U.S. imports, ready substitutes, reduced U.S. exports, investing in increased U.S. capacity 
(DPA Title III), recycling, and foreign Security of Supply Arrangements (SOSAs)). 

IDA supports DLA-SM and NDS reporting requirements through a risk-based analytic process, the Risk Assessment and Mitigation 
Framework for Strategic Materials (RAMF-SM), which  

 Identifies study materials, gathers data, and sets planning case assumptions;

 Estimates shortfalls and assesses shortfall risk; and

 Identifies and prioritizes cost-effective mitigation options and recommends mitigation strategies.

3 The stockpile legislation mandates that essential civilian needs be provided for in the national emergency, without explicitly defining which civilian needs are 
essential. Historically, the determination of the subset of civilian demand that is essential was made via a working group composed of representatives from a 
number of different government agencies, including non-Defense agencies. For the 2019 Requirements Report, the Department of Homeland Security (DHS) 
critical infrastructure sectors identified in Presidential Policy Directive 21 (PPD-21) (The White House, Critical Infrastructure Security and Resilience, 
PPD-21 (Washington, DC: Office of the Press Secretary, February 12, 2013), https://obamawhitehouse.archives.gov/the-press-office/2013/02/12/presidential-
policy-directive-critical-infrastructure-security-and-resil) were chosen as the most relevant characterization of what is deemed essential in both a civilian and 
government context. The essential civilian sectors include goods and services for general civilian use, excluding those considered nonessential for stockpile 
purposes. 
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DOD’s latest biennial report, Strategic and Critical Materials 2019 Report on Stockpile Requirements,4 was submitted to the U.S. 
Congress in January 2019. 

In addition to estimating NDS Base Case shortfalls at the “upstream” of material supply chains, DLA-SM considers it important 
to assess the potential for “downstream” material shortfalls. Reasons for assessing potential downstream shortfalls include the following: 

 Confirming that relevant U.S. and reliable foreign downstream material producers possess needed capabilities and capacities 
to process NDS stockpile materials during Base Case conditions, and 

 Determining whether NDS Base Case downstream shortfalls exist when there are no upstream shortfalls or existing NDS 
inventories. 

Base Case judgments are applied using the RAMF-SM construct to assess U.S. essential civilian and defense demands for down-
stream materials and their supply. RAMF-SM provides a framework for applying NDS Base Case judgments across downstream mate-
rial flows within supply chain networks of multiple production nodes through to final products. 

A three-step process was developed to help assess NDS Base Case downstream material supply chain shortfalls: 

 Confirm the absence of downstream fragility/vulnerabilities; 

 Identify the existence of apparent downstream fragility/vulnerabilities, if any; and  

 Quantitatively model supply chains and calculate downstream shortfalls through supply-demand comparisons. 

Downstream material supply chain analyses include the following activities: 

 Depicting downstream material supply chains (production step by production step) for specific application areas and individ-
ual downstream end-items; 

 Evaluating downstream material supply chains for the existence, or absence, of apparent downstream domestic fragility and 
foreign vulnerabilities;  

                                                 
4 Department of Defense, Strategic and Critical Materials 2019 Report on Stockpile Requirements (Washington, DC: Under Secretary of Defense for Acqui-

sition and Sustainment (USD(A&S)), January 2019), SECRET//NOFORN. Note: In this document, the DOD report may also be referred to as the 
“2019 Requirements Report” or “RR19.” 
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 Organizing the collection of initial qualitative and quantifiable supply and demand data for RAMF-SM Base Case shortfall 
calculations; and  

 Focusing research on identifying and collecting other data for RAMF-SM modeling (substitutability, material requalification 
requirements, risk mitigation ideas, and other types of downstream fragility and vulnerabilities). 

These analyses are supported by the identification of potential sources of Base Case downstream supply chain disruption, stemming 
from domestic fragility (i.e., no U.S. capacity or reliance on a U.S. single-point-of-failure producer) and/or foreign vulnerability (i.e., 
reliance on producers from adversary countries, foreign market dominators, and/or foreign single-point-of-failure producers). 

The high purity chromium and high purity vanadium assessment reported in this document is one of a number of DOD downstream 
material supply chains assessed in support of the Strategic and Critical Materials 2019 Report on Stockpiling Requirements.5 This 
research builds upon an ongoing body of work (“deep dive” assessments of U.S. supply chains for materials). 

 

                                                 
5 Ibid. 
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Executive Summary 

This document presents the results of work performed by the Institute for Defense Analyses (IDA) for the Defense Logistics 
Agency–Strategic Materials (DLA-SM) under project DE-6-4333, “Comprehensive Assistance to DLA Strategic Materials in Preparing 
Biennial Reports of the DOD to the Congress on National Defense Stockpile Requirements.” The purpose of this case study was to 
collect, develop, and assess data for use in estimating Base Case shortfalls of high purity chromium and high purity vanadium for U.S. 
defense and essential civilian applications.  

During this case study, IDA identified and assessed the uses of high purity chromium and high purity vanadium and mapped key 
elements of its supply chain. Key findings regarding IDA’s assessment of high purity chromium and high purity vanadium are presented 
in this document. Additional data are available in DOD’s biennial report to Congress, Strategic and Critical Materials 2019 Report on 
Stockpile Requirements.1 

IDA attempted to assess demand, supply, and shortfalls for high purity chromium, high purity vanadium and vanadium-aluminum 
(V-Al) master alloys. High purity chromium and V-Al master alloys are used in superalloys for gas-turbine engines having military and 
commercial uses. A complete assessment was not possible due to limited supply and demand data found for these materials  

Both chromium and vanadium are added to metal alloys to obtain desired properties, such as strength and stability at high temper-
atures, wear resistance, and corrosion resistance. High purity chromium (> 99.5%) and high purity vanadium—typically in the form of 
high purity V-Al master alloys—are used in alloys for gas-turbine engines used on military and commercial aircraft. High purity 
chromium is used in nickel-based superalloys. High purity vanadium is used in alloys for cooler sections of gas turbine engines, where 
the temperature does not exceed 400°F. Ultra-high purity chromium (> 99.95%) is used in manufacturing of semiconductors and of 
components such as computer disks and liquid crystal displays (LCDs). High purity vanadium is used in metal foils used for cladding 
airframe structure joints and in the production of components for infrared cameras. Vanadium redox flow batteries (VRBs) are an 
emerging application that will impact the supply of high purity vanadium pentoxide—a precursor used in the production of high purity 
vanadium and V-Al alloys. Limited supply and demand data were found for high purity chromium and high purity vanadium, including 
V-Al master alloys. 

                                                 
1 Department of Defense, Strategic and Critical Materials 2019 Report on Stockpile Requirements (Washington, DC: Under Secretary of Defense for Acqui-

sition and Sustainment (USD(A&S)), January 2019), SECRET//NOFORN 



viii 

Currently, no substitutions are known for these materials used in turbine engines or for the other uses discussed. Focused data 
collection efforts for these materials are needed to support future assessments. These efforts include obtaining (1) supply and demand 
data specific to the high purity chromium and high purity vanadium material forms of interest especially for military system uses, 
(2) demand data for emerging future application areas (e.g., high purity vanadium pentoxide used in VRBs), and (3) information on 
recycling and substitution efforts that would impact supply and demand. 
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1. Summary of Key Findings 

The purpose of this case study was to collect, develop, and assess supply and demand data for use in estimating Base Case shortfalls 
of high purity chromium and high purity vanadium for U.S. defense and essential civilian applications. Both chromium and vanadium 
are added to metal alloys to obtain desired properties such as strength and stability at high temperatures, wear resistance, and corrosion 
resistance. Both high purity chromium and high purity vanadium—in the form of vanadium-aluminum (V-Al) master alloys—are used 
in the production of alloys used in gas-turbine engines for military and commercial aircraft. 

Other uses of high purity chromium, in the form of ultra-high purity chromium (> 99.95%), include the manufacturing of semi-
conductors and of components such as computer disks and liquid crystal displays (LCDs). Also, high strength stainless steels—used in 
military and commercial systems such as ships—contain chromium, but these uses were not the focus of the assessment. Currently, no 
substitutes are identified for high purity chromium in these applications. Limited supply and demand data on high purity chromium were 
found. Consequently, an assessment of potential Base Case shortfalls for high purity chromium could not be performed. 

Other uses of high purity vanadium include metal foils used for cladding in airframe structure joints and metal pieces used in the 
production of components for infrared cameras. Vanadium redox flow batteries (VRBs) are an emerging application that will impact 
the supply of high purity vanadium pentoxide—a precursor used in the production of high purity vanadium and V-Al alloys. Currently, 
there are no known substitutions for these materials used in turbine engines or for the other uses discussed. Limited supply and demand 
data was found for high purity vanadium and for V-Al master alloys. Consequently, an assessment of potential Base Case shortfalls for 
high purity vanadium or for V-Al master alloys could not be performed. 

Focused data collection efforts for these materials are needed to support future assessments. These efforts include obtaining (1) sup-
ply and demand data specific to the high purity chromium and high purity vanadium material forms of interest, especially for military 
system uses, (2) demand data for emerging future application areas (e.g., high purity vanadium pentoxide used in VRBs), and (3) infor-
mation on recycling and substitution efforts that would impact supply and demand. 
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2. Outline 

This document consists of two parts: an assessment of high purity chromium and an assessment of high purity vanadium. 
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3. Part I: High Purity Chromium Assessment 

This chapter of the document presents the information gathered for the assessment of high purity chromium. 
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A. Summary – High Purity Chromium 
The purpose of this case study was to collect, develop, and assess supply and demand data for use in estimating Base Case shortfalls 

of high purity chromium for U.S. defense and essential civilian applications. Chromium is added to metal alloys to obtain desired 
properties such as strength and stability at high temperatures, wear resistance, and corrosion resistance. High purity chromium (> 99.5%) 
is used in nickel-based superalloys for gas-turbine engines used on military and commercial aircraft. 

Other uses of high purity chromium, in the form of ultra-high purity chromium (> 99.95%), include the manufacturing of semi-
conductors and of components such as computer disks and LCDs. Also, high strength stainless steels—used in military and commercial 
systems such as ships—contain chromium, but these uses do not necessarily require ultra-high purity and were not the focus of the 
assessment. Currently, no substitutes are identified for high purity chromium in these applications. Limited supply and demand data on 
high purity chromium were found. Consequently, an assessment of potential Base Case shortfalls for high purity chromium could not 
be performed. 

Focused data collection efforts for high purity chromium are needed to support future assessments. These efforts include obtaining 
(1) supply and demand data specific to high purity chromium material forms of interest, especially for military system uses, (2) demand 
data for emerging future application areas, and (3) information recycling and substitution efforts that would impact supply and demand. 
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B. Outline: Part I – High Purity Chromium 
This slide presents the outline for Part I – High Purity Chromium. 
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C. Purpose and Scope – High Purity Chromium 
This slide addresses the purpose and scope of the assessment of high purity chromium. 
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D. Basic Description of High Purity Chromium Uses and Processing Steps 
See page 17. 

  



 

16 

 



 

17 

Chromium metal is added to metal alloys to impart properties such as strength and stability at high temperatures, wear resistance, 
and corrosion resistance. High purity chromium is used in nickel-based superalloys for gas turbine engines used in military and civilian 
aircraft. There are three production routes to obtain high purity chromium1: 

 The first route involves converting chromite ore to ferrochromium. The ferrochromium is converted to an ammonium chro-
mite alum from which high purity chromium is electrodeposited. To achieve higher purity chromium needed for superalloys 
the electro-deposited metal typically undergoes vacuum degassing. The electro-deposited chromium metal is removed from 
the electrodes. The metal is milled to a size appropriate for forming into briquettes containing chromium, carbon, tin and a 
polymeric binder. This briquette is heated in a vacuum during which impurities, such as nitrogen, lead, sulfur and oxygen, are 
removed.  

 The second route consists of converting chromite ore to sodium dichromate. Chromic acid is produced from the dichromate, 
and chromium metal is electrodeposited from the chromic acid. Following the electrodeposition, the chromium metal will 
undergo additional refinement via a vacuum degassing process described in the previous bullet item. 

 The third route involves converting chromite ore to sodium dichromate. Chromic oxide is leached, reduced, and precipitated 
from the dichromate. The oxide is then reduced to chromium metal in the presence of aluminum (aluminothermic) or silicon 
(silicothemric). The chromium metal is then vacuum degassed, sometimes more than once, to further reduce impurities. 

There are no industry-wide accepted grades for high purity chromium.2 Typically, it is produced to meet individual customer 
specifications. 

Chromite ore is primarily produced in South Africa. The United States produces no chromite. The leading producers of ferro-
chromium are South Africa, India, and Kazakhstan. The major producers of chromium metal are located in France, Russia, China, and 
the United Kingdom.3 The single U.S. producer of primary chromium metal is JMC (USA).4 JMC (USA) produces high purity chromium 
metal for electronics applications. Its ultra-high purity chromium, a specialty niche market product, is the highest purity commercially 
produced chromium metal available in the world. 

                                                 
1 National Research Council, High-Purity Chromium Metal: Supply Issues for Gas-Turbine Superalloys, NMAB-480 (Washington, DC: National Academy 

Press, 1995), https://www.nap.edu/read/9248. 
2 United States International Trade Commission, Superalloy Degassed Chromium from Japan, Publication 3768 (Washington, DC: The U.S. International Trade 

Commission, April 2005), https://www.usitc.gov/publications/701_731/pub3768.pdf. 
3 U.S. Geological Survey, “Chromium,” in Mineral Commodity Summaries, 46–47 (Reston, VA: U.S. Department of the Interior, January 2018), https://s3-us-

west-2.amazonaws.com/prd-wret/assets/palladium/production/mineral-pubs/chromium/mcs-2018-chrom.pdf. 
4 JMC (USA), Inc., “Company Profile,” accessed March 29, 2019, https://www.jmcusa.com/chromium-supplier.html. 
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E. High Purity Chromium Supply Information 
High purity chromium supply data are a subset of the total chromium metal supply data. However, the high purity chromium data 

is not separated, or is not collected separately, from the total chromium metal supply data. Two of the main high purity chromium metal 
forms available are briquettes and flakes. 

Major producers of chromium metal are located in France, the United Kingdom, Russia and China.5 JMC (USA) is the single 
domestic producer of high purity chromium. The high purity chromium produced by JMC (USA) is at least 99.7% chromium. Most of 
the chromium produced by JMC (USA) is used for electronics applications. Foreign producers of high purity chromium found during 
research for this case study are AMG Superalloys (United Kingdom, a business unit of AMG Advanced Metallurgical Group N.V.),6 
DCX Chrome (France, a wholly owned subsidiary of Delachaux group),7 and JSC Polema (Russia).8 No information was found on the 
amount of high purity chromium produced by these suppliers. 

  

                                                 
5 U.S. Geological Survey, “Chromium.” 
6 AMG Superalloys, “Melted Products Delivery Programme and Applications” (England: Rotherham, South Yorkshire, AMG Superalloys UK Limited, 

18 April 2018), https://amg-s.com/wp-content/uploads/2018/04/AMG-S-Chrome-Datasheet.pdf. 
7 DCX Chrome, “Chrome Metal DDB ‒ High Purity Grade,” http://dcx-chrome.com/public/DCX_Fiche_Technique_ChromeMetal_DDB_HighPurityGrade.pdf. 
8 JSC Polema, “Electrolytic Chromium Flakes,” 2019, http://www.polema-rus.com/eng-page/electrolytic-chromium-flakes.html. 
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F. High Purity Chromium Demand Information 
The United States currently relies upon imports to satisfy high purity chromium demands.9 The demand data for high purity chro-

mium is a subset of overall chromium demand data. Similar to the supply information, the demand data for high purity chromium is not 
tracked separately. In addition, information on the fraction of defense and commercial demand for high purity chromium is not available. 
The next slide describes the approach used to provide an indication of the demand for high purity chromium based on aerospace uses. 

  

                                                 
9 U.S. Geological Survey, “Chromium.” 
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G. High Purity Chromium Demand Information: Estimated Demand for Aerospace Uses 
This slide attempts to provide an estimate of high purity chromium demand using information from a 2015 International Chromium 

Development Association (ICDA) brochure on chromium.10 This brochure states that 65% of all chromium used was for specialty steels 
and aerospace materials. Aerospace uses account for 33% of the chromium used for specialty steels and aerospace materials. Therefore, 
chromium used in aerospace materials is about 20% of the total chromium used. If chromium used in aerospace materials is high purity, 
then high purity chromium would account for at most 20% of the total chromium demand. 

  

                                                 
10 International Chromium Development Association (ICDA), “Chrome Chemicals and Chrome Metal,” (brochure, Paris, France: ICDA, 2015). 
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H. High Purity Chromium Supply Risk
As discussed previously, high purity chromium is produced from chromite ore. Currently, chromite ore is not mined domestically.

All chromite ore needed to meet demand is imported. The amount of high purity chromium produced, imported, and consumed is 
unknown. Only one domestic supplier of high purity chromium, JMC (USA), was identified during this study. 

There are supply chain risks given that all chromite ore is imported and that there is only one domestic producer of high purity 
chromium. A reduction in the amount of available high purity chromium could occur if there is a disruption in the major sources of 
chromite ore. Since the amount of imported high purity chromium is unknown, it is not possible to quantify the impact of any disruption 
of the foreign sources. Obviously, there would be a reduction in the amount available if there is a disruption in those sources. Also, the 
amount of high purity chromium produced domestically is unknown. Consequently, it is not possible to quantify the amount of reduction 
in the supply that would result if JMC (USA) experienced a disruption in production capability. 
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I. Potential Future Efforts – High Purity Chromium 
As indicated previously, the supply and demand data for high purity chromium is insufficient to support assessments of future 

supply and demand risks, and of any Base Case shortfalls. Data specifically for high purity chromium need to be collected to support 
future assessments. One effort to obtain this data is to request information from companies that produce and use high purity chromium. 
In addition to supply and demand data, the approach should include an effort to obtain data on recycling and any other high purity 
chromium recovery efforts that may impact the supply. Also, data on any projects and programs to develop materials that would substi-
tute for either high purity chromium in alloys or that would replace alloys that use high purity chromium should be collected. Finally, 
data supply and demand data specific to military and essential civilian uses should be collected by contacting service and joint program 
offices and defense contractors. 
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4. Part II: High Purity Vanadium Assessment 

This chapter of the document presents the information gathered for the assessment of high purity vanadium. 
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A. Summary – High Purity Vanadium 
The purpose of this case study was to collect, develop, and assess supply and demand data for use in estimating Base Case shortfalls 

of high purity vanadium for U.S. defense and essential civilian applications. Vanadium is added to metal alloys to obtain desired prop-
erties such as strength and stability at high temperatures, wear resistance, and corrosion resistance. High purity vanadium—typically in 
the form of high purity V-Al master alloys—is used in alloys for cooler sections of gas turbine engines, where the temperature does not 
exceed 400°F, for engines used on military and commercial aircraft. 

Other uses of high purity vanadium include metal foils used for cladding in airframe structure joints and metal pieces used in the 
production of components for infrared cameras. VRBs are an emerging application that will impact the supply of high purity vanadium 
pentoxide—a precursor used in the production of high purity vanadium and of V-Al master alloys. Currently, there are no known sub-
stitutions for these materials used in turbine engines or for the other uses discussed. Limited supply and demand data were found for 
high purity vanadium and for V-Al master alloys. Consequently, an assessment of potential Base Case shortfalls for high purity vana-
dium or for V-Al master alloys could not be performed. 

Focused data collection efforts for these materials are needed to support future assessments. These efforts include obtaining (1) sup-
ply and demand data specific to the high purity vanadium material forms of interest, especially for military system uses, (2) demand 
data for emerging future application areas (e.g., high purity vanadium pentoxide used in VRBs), and (3) information recycling and 
substitution efforts that would impact supply and demand. 
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B. Outline: Part II – High Purity Vanadium 
This slide presents the outline for Part II – High Purity Vanadium. 
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C. Purpose and Scope – High Purity Vanadium 
This slide addresses the purpose and scope of the assessment of high purity vanadium. 
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D. Basic Description of High Purity Vanadium 
Vanadium is a transition metal found in many natural and some secondary sources such as petroleum residues. The majority of 

vanadium is produced from the mineral magnetite that is one of the main iron ores. High purity vanadium (> 99.8% vanadium) and V-Al 
master alloys are produced through the reduction of vanadium pentoxide (V2O5). High purity V-Al master alloys are used in the pro-
duction of titanium aerospace alloys used in airframes and gas turbine engines. High purity vanadium foil is used in cladding steel to 
titanium for airframes. Also, metal pieces are used as sputtering targets for the production of vanadium oxide films used in infrared 
cameras. VRBs represent an emerging market for high purity V2O5 use that will have an unknown impact on supply of high purity V2O5. 

  



 

38 

 



 

39 

E. High Purity Vanadium Supply Information 
V2O5 is the precursor in the production of high purity vanadium and V-Al master alloys. The supply information gathered focused 

mainly on sources of V2O5.11 The major producers of V2O5 from primary sources (i.e., ores and minerals) are located in South Africa, 
Russia, and China. All domestic demand for V2O5 is met through imports. The amount of high purity vanadium metal produced inter-
nationally and domestically is unknown. Import and export data on one V-Al alloy containing 64.5% vanadium and 35% aluminum is 
available.12 Imports of this master alloy exceeds exports, so one might conclude that domestic demand for this master alloy is met by 
foreign sources. It is unknown what amount of this master alloy is used in the production of aerospace alloys, including those used in 
turbine engines. 

Domestic secondary production—via processing of waste materials such as spent catalysts and petroleum residues—may be used 
to make V2O5, vanadium metal, and specialty alloys.13 The amount of V2O5 and vanadium metal, let alone high purity vanadium, pro-
duced using secondary production is not known. 

Domestic producers of vanadium commodities include Strategic Materials Corporation (Stratcor, Inc.),14 Reading Alloys (a busi-
ness unit of Ametek Specialty Metal Products),15 and Kennametal International Specialty Alloys, Inc.16 Each of these domestic suppliers 
produces V-Al alloys. Based on information found, Stratcor, Inc. is the only supplier that produces V2O5 and vanadium metal. 

Foreign producers of vanadium commodities include Vanadium Corp. Resources Inc. (Canada), Largo Resources, Inc. (Canada; 
mined in Brazil) and Bushveld Minerals: Bushveld Vanadium (South Africa). Each of these suppliers produces V2O5. Only Largo 
Resources, Inc. reported producing high purity V2O5. 

  

                                                 
11 Henry Hillard, “The Materials Flow of Vanadium in the United States,” Bureau of Mines Information Circular 9409 (Washington, DC: Department of the 

Interior, 1994), https://pubs.usgs.gov/usbmic/ic-9409/9409.pdf. 
12 U.S. Geological Survey, “Vanadium,” Mineral Commodity Summaries, 182–183 (Reston, VA: U.S. Department of the Interior, 2017), https://s3-us-west-

2.amazonaws.com/prd-wret/assets/palladium/production/mineral-pubs/mcs/mcs2017.pdf. 
13 Ibid. 
14 Evraz Stratcor, Inc., “EVRAZ Vanadium,” vanadium.evraz.com/facilities/evraz-stratcor/. 
15 AMETEK ReadingAlloys, “Vanadium Alloy,” https://www.readingalloys.com/products/master-alloys/vanadium. 
16 U.S. Geological Survey. “Vanadium.” 
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F. High Purity Vanadium Demand Information 
In 2016, the United States Geological Survey (USGS) estimated that 95% of the vanadium consumed in the United States was for 

metallurgical uses. The vanadium consumed include ferrovanadium used in the production of steels, V-Al alloys used in the production 
of aerospace alloys, and vanadium metal used as foil or in sputtering targets.17 Other sources18,19 estimated vanadium consumed world-
wide in steel production was between 91% and 92% of all vanadium consumed. The vanadium consumed in aerospace alloys was 
between 4% and 4.5%. Based on these estimates, it appears reasonable that domestic consumption of high purity vanadium metal com-
modities is around 4% of the total domestic consumption of vanadium. Vanadium foil and sputtering target metals most likely require 
high purity as introduction of impurities would adversely impact the performance of the foil and of products (e.g., infrared cameras), 
where sputtering of vanadium is a part of the production process. 

  

                                                 
17 U.S. Geological Survey, 2016 Minerals Yearbook – Vanadium [Advance Release] (Washington, DC: Department of the Interior, 2016), https://s3-us-west-

2.amazonaws.com/prd-wret/assets/palladium/production/mineral-pubs/vanadium/myb1-2016-vanad.pdf. 
18 Prophecy Development Corp., “Developing First Major Vanadium Mine in Nevada” (Canada: Vancouver, BC, October 10, 2018). 
19 Largo Resources, “Corporate Presentation” (Canada: Toronto, Ontario, May 2019), https://s22.q4cdn.com/197308373/files/doc_presentations/2019/05/ 

LGO_Corporate-Presentation_May2019-(1).pdf. 
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G. High Purity Vanadium Supply Risk 
As discussed previously, V2O5 is the precursor in the production of high purity vanadium metal and V-Al master alloys. All 

domestic demand for V2O5 is met by foreign sources.20 Any reduction in the availability of V2O5, due to a reduction in production of or 
increased uses for V2O5 may impact the supply of high purity vanadium metal or the V-Al master alloys. If the VRB market grows, the 
demand for V2O5 will increase. Efforts are underway increase the V2O5 supply, but future supplies will be determined by many factors, 
including the size of the VRB market, the VRB market growth rate, the rate of increase in V2O5 sources and supplies, and any reductions 
in existing sources.21,22 

  

                                                 
20 U.S. Geological Survey, “Vanadium.” 
21 U.S. Geological Survey, 2016 Minerals Yearbook – Vanadium [Advance Release]. 
22 Prophecy Development Corp., “Gibellini (Vanadium),” https://www.prophecydev.com/projects/gibellini-vanadium/. 
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H. Potential Future Efforts – High Purity Vanadium 
As indicated previously, the supply and demand data for high purity vanadium commodities—mainly V2O5, metal and V-Al master 

alloys—is insufficient to support assessments of future supply and demand risks and any Base Case shortfalls. Data specifically for high 
purity vanadium commodities need to be collected to support future assessments. One effort to obtain this data is to request information 
from companies that produce and that use high purity vanadium commodities. In addition to supply and demand data, the approach 
should include an effort to obtain data on recycling and any other high purity vanadium recovery efforts that may impact the supply. 
Also, data on any projects and programs to develop materials that would substitute for either high purity vanadium in alloys or that 
would replace alloys that use high purity vanadium should be collected. Finally, supply and demand data specific to military and essential 
civilian uses should be collected by contacting service and joint program offices and defense contractors. 
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Appendix A. 
References 

This appendix presents the key data sources that were used in the assessment of high purity chromium and high purity vanadium, 
the sources of the images that were used in the slides for the assessment of high purity chromium and high purity vanadium, and a list 
of sources that were cited in the Executive Summary of this document. 
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Appendix B. 
Abbreviations 

DHS Department of Homeland Security 
DLA-SM Defense Logistics Agency–Strategic Materials 
DOD Department of Defense 
DPA Defense Production Act 
DPAS Defense Priorities and Allocation System 
FeV ferrovanadium 
ICDA International Chromium Development Association 
IDA Institute for Defense Analyses 
LCD liquid crystal display 
NMAB National Materials Advisory Board 
NDS National Defense Stockpile 
NDS RR National Defense Stockpile Requirements Report 
OSD(P) Office of the Secretary of Defense for Policy 
PPD Presidential Policy Directive 
RAMF-SM Risk Assessment and Mitigation Framework for Strategic Materials 
RR Requirements Report 
SOSA Security of Supply Arrangement 
U.S. United States 
U.S.C. United States Code 
USD(A&S) Under Secretary of Defense for Acquisition and Sustainment 
USGS United States Geological Survey 
USITC United States International Trade Commission 
V2O5 vanadium pentoxide 
V-Al vanadium-aluminum 
VRB vanadium redox flow battery  
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Attachment 6 
  



 
VANADIUM 

 
(Data in metric tons of vanadium content unless otherwise noted) 

 
Domestic Production and Use: In January 2019, byproduct vanadium production resumed in Utah and an estimated 
470 tons of contained vanadium with an estimated value of $6.8 million was produced. In 2009–13, small quantities of 
vanadium were similarly produced as a byproduct from the mining of uraniferous sandstones on the Colorado 
Plateau. Secondary vanadium production continued primarily in Arkansas, Delaware, Ohio, Pennsylvania, and Texas, 
where processed waste materials (petroleum residues, spent catalysts, utility ash, and vanadium-bearing pig iron 
slag) were used to produce ferrovanadium, vanadium-bearing chemicals or specialty alloys, vanadium metal, and 
vanadium pentoxide. Metallurgical use, primarily as an alloying agent for iron and steel, accounted for about 94% of 
domestic reported vanadium consumption in 2019. Of the other uses for vanadium, the major nonmetallurgical use 
was in catalysts to produce maleic anhydride and sulfuric acid. 
 
Salient Statistics—United States: 2015 2016 2017 2018 2019e 
Production, mine, mill — — — — 470 
Imports for consumption: 
  Vanadium ores and concentrates 72 18 1 330 41 
  Ferrovanadium 1,980 1,590 2,810 3,130 2,500 
  Vanadium pentoxide, anhydride 2,870 2,460 3,400 4,600 4,000 
  Oxides and hydroxides, other 94 660 148 98 140 
  Aluminum-vanadium master alloys 143 157 288 281 240 
  Ash and residues 4,600 2,820 2,540 2,810 2,100 
  Vanadium chemicals1 292 407 526 470 150 
  Vanadium metal2 135 33 54 28 60 
Exports: 
  Vanadium ores and concentrates 166 260 37 29 47 
  Ferrovanadium 122 394 229 575 380 
  Vanadium pentoxide, anhydride 356 5 126 563 210 
  Oxides and hydroxides, other 100 81 148 53 480 
  Aluminum-vanadium master alloys 128 53 132 90 20 
  Ash and residues 43 123 322 289 270 
  Vanadium metal2 4 15 45 30 15 
Consumption: 
  Apparent3 9,300 7,220 8,740 10,100 8,300 
  Reported 4,720 4,620 4,680 5,660 4,600 
Price, average, dollars per pound vanadium pentoxide4 4.16 3.38 7.61 16.4 11.8 
Stocks, yearend5 136 138 125 185 190 
Net import reliance6 as a percentage of 
 apparent consumption 100 100 100 100 94 
 
Recycling: The quantity of vanadium recycled from spent chemical process catalysts was significant and may 
compose as much as 40% of total vanadium catalysts.  
 
Import Sources (2015–18): Ferrovanadium: Austria, 48%; Canada, 22%; Russia, 14%; Republic of Korea, 11%; and 
other, 5%. Vanadium pentoxide: South Africa, 44%; Brazil, 29%; China, 11%; Taiwan, 6%; and other, 10%. 
 
Tariff: Item Number Normal Trade Relations 
    12–31–19 
Vanadium ores and concentrates 2615.90.6090 Free. 
Vanadium bearing ash and residues 2620.40.0030 Free. 
Vanadium bearing ash and residues, other 2620.99.1000 Free. 
Chemical compounds: 
 Vanadium pentoxide, anhydride 2825.30.0010 5.5% ad val. 
 Vanadium oxides and hydroxides, other 2825.30.0050 5.5% ad val. 
 Vanadium sulfates 2833.29.3000 5.5% ad val. 
 Vanadates 2841.90.1000 5.5% ad val. 
 Hydrides & nitrides, of vanadium 2850.00.2000 5.5% ad val. 
Ferrovanadium 7202.92.0000 4.2% ad val. 
Vanadium metal 8112.92.7000 2.0% ad val. 
Vanadium and articles thereof7 8112.99.2000 2.0% ad val. 
 
Depletion Allowance: 22% (Domestic), 14% (Foreign). 
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Government Stockpile: None. 
 
Events, Trends, and Issues: U.S. apparent consumption of vanadium in 2019 decreased by 18% from that of 2018. 
Among the major uses for vanadium, production of carbon, full-alloy, and high-strength low-alloy steels accounted for 
18%, 45%, and 31%, respectively, of domestic consumption. Average 2019 vanadium pentoxide prices decreased by 
28% compared with 2018 prices, and ferrovanadium prices decreased by 41% to $23 per pound in 2019 compared 
with 2018. In January 2019, ferrovanadium prices averaged $43.10 per pound but continued to decrease for the 
remainder of 2019. Byproduct vanadium production in the United States resumed in early 2019 at the White Mesa mill 
in Utah. The company expected to continue production, subject to successful recovery and suitable prices. An iron 
and vanadium mine in South Africa remained closed leaving South Africa with only two major producers of vanadium. 
A producer in Brazil that started production in 2014 began construction on an expansion project in 2018 that would 
increase its production capacity by 25%. The expansion was expected to be completed by the end of the third quarter 
of 2019. 
 
The implementation of the new high-strength rebar standards by the Standardization Administration of China has 
been enforced more gradually than originally expected. Larger mills began implementation in 2018; however, smaller 
mills have been slower to implement the new standards. Enforcement of the new standards was also reportedly more 
difficult to monitor at smaller mills. The increase of vanadium in rebar was originally expected to increase overall 
consumption of vanadium in China by approximately 10,000 tons per year. 
 
World Mine Production and Reserves: Reserves for Australia and Brazil were revised based on Government 
reports. 
 
  Mine production Reserves8 
  2018 2019e (thousand metric tons) 
United States — 470 45 
Australia — — 94,000 
Brazil 5,500 7,000 120 
China 40,000 40,000 9,500 
Russia 18,000 18,000 5,000 
South Africa    7,700    8,000    3,500 
 World total (rounded) 71,200 73,000 22,000 
 
World Resources: World resources of vanadium exceed 63 million tons. Vanadium occurs in deposits of phosphate 
rock, titaniferous magnetite, and uraniferous sandstone and siltstone, in which it constitutes less than 2% of the host 
rock. Significant quantities are also present in bauxite and carboniferous materials, such as coal, crude oil, oil shale, 
and tar sands. Because vanadium is typically recovered as a byproduct or coproduct, demonstrated world resources 
of the element are not fully indicative of available supplies. Although domestic resources and secondary recovery are 
adequate to supply a large portion of domestic needs, all of U.S. demand is currently met by foreign sources. 
 
Substitutes: Steels containing various combinations of other alloying elements can be substituted for steels 
containing vanadium. Certain metals, such as manganese, molybdenum, niobium (columbium), titanium, and 
tungsten, are to some degree interchangeable with vanadium as alloying elements in steel. Platinum and nickel can 
replace vanadium compounds as catalysts in some chemical processes. Currently, no acceptable substitute for 
vanadium is available for use in aerospace titanium alloys. 
 
 
 
eEstimated. — Zero. 
1Includes hydrides, nitrides, sulfates, and vanadates of vanadium.  
2Vanadium metal includes waste and scrap. 
3Defined as production + net import reliance. 

4Prices for 2015–2016 are U.S. annual average vanadium pentoxide prices. The 2017 annual average vanadium pentoxide price includes U.S. 
monthly averages for January 2017–June 2017 and China monthly average prices for July 2017–December 2017. The prices for 2018–2019 are 
the China annual average vanadium pentoxide prices. 
5Includes chlorides, ferrovanadium, vanadates, vanadium-aluminum alloy, other vanadium alloys, vanadium metal, vanadium pentoxide, and other 
specialty chemicals. 
6Defined as imports – exports + adjustments for industry stock changes. 
7Aluminum-vanadium master alloy consisting of 35% aluminum and 64.5% vanadium. 
8See Appendix C for resource and reserve definitions and information concerning data sources. 
9For Australia, Joint Ore Reserves Committee-compliant reserves were 1.1 million tons.
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SECRETARY OF DEFENSE· 
1000 DEFENSE PENTAGON 

WASHINGTON, OC 20301-1000 

MEMORANDUM FOR SECRETARY OF COMMERCE 

SUBJECT: Response to Steel and Aluminum Policy Recommeudations 

This memo provides a consolidated position from the DoD on the investigation of the 
effect ofsteel mill imports and the effects ofimports ofaluminum on national security, 
conducted by the Department ofCommerce.under Section 232 ofthe Trade Expansion Act of 
1962 (hereinafter "Section 232 Report"). 

Regarding the December 15, 2017 reports on steel and aluminum, DoD believes that 
the systematic use ofunfair trade practices to intentionally erode our innovation and 
manufacturing industrial base poses a risk to our national security. As such, DoD concurs with 
the Department of Commerce's conclusion that imports offoreign steeJ and aluminum based 
on unfair trading practices impair the national security. As noted in both Section 232 reports, 
however, the U.S. military requirements for steel and alwninum each only represent about 
three percent ofU.S. prodnction. Therefore, DoD does not believe that the findings in the 
reports impact the ability ofDoD programs to acquire the steel·or aluminum necessary to meet 
national defense requirements. 

DoD continues to be concerned about ~e negative impact on our key allies regarding 
the recommended options within the reports. However, DoD recognizes that among these 
reports' alternatives, targeted tariffs are more preferable than a global quota or global tariff. In 
addition, we recommend an inter-agency group further refine the targeted tariffs, so as to create 
incentives for trade partners to work with the U.S. oµ addressing the underlying issue of 
Chinese transship.ment. 

Ifthe Administration moves forward with targeted tariffs or quotas on steel; DoD 
recommends that the management and labor leaders of the respective industries be convened 
by the President, so that they may understand that these tariffs and quotas are conditional. 
Moreover, ifthe Administration talces action on steel, DoD recommends waiting before taking 
further steps on aluminum. The prospect of trade action on aJuminum may be sufficient to 
coerce improved behavior ofbad actors. In either case, it remains important for the President 
to continue to communicate the negative consequences ofunfair trade practices. 

This is an opportunity to set clear expectations domestically regarding competitiveness 
and rebuild economic strength at home while preserving a fair and reciprocal international 
economic system as outlined in the National Security Strategy. It is critical that we reinforce to 



our key allies that these actions are focused on correcting Chinese overproduction and 
countering their attempts to circumvent existing antidumping tariffs - not the bi1ateral U.S. 
relationship. 

cc: 
Secretary of the Treasury 
Secretary of State 
ChiefofStaff to the President 
Assistant to the President for National Security Affairs 
Chairman, National Economic Council 
United States Trade Representative 
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NIOBIUM (COLUMBIUM) 

 
(Data in metric tons of niobium content unless otherwise noted) 

 
Domestic Production and Use: Significant U.S. niobium mine production has not been reported since 1959. 
Companies in the United States produced niobium-containing materials from imported niobium concentrates, oxides, 
and ferroniobium. Niobium was consumed mostly in the form of ferroniobium by the steel industry and as niobium 
alloys and metal by the aerospace industry. In 2019, there was a decrease in reported consumption of niobium for 
high-strength low alloy steel and superalloy applications. Major end-use distribution of reported niobium consumption 
was as follows: steels, about 78%, and superalloys, about 22%. The estimated value of niobium consumption was 
$460 million, as measured by the value of imports. 
 
Salient Statistics—United States: 2015 2016 2017 2018 2019e 
Production, mine — — — — — 
Imports for consumption1 8,520 8,250 9,330 11,200 11,000 
Exports1 1,430 1,480 1,490 955 570 
Shipments from Government stockpile — — — — — 
Consumption:e 
  Apparent2 7,080 6,730 7,780 10,100 9,900 
  Reported3 7,510 7,370 7,640 7,130 6,000 
Unit value, ferroniobium, dollars per kilogram4 24 21 20 21 23 
Net import reliance2 as a percentage of 
 apparent consumption 100 100 100 100 100 
 
Recycling: Niobium was recycled when niobium-bearing steels and superalloys were recycled; scrap recovery, 
specifically for niobium content, was negligible. The amount of niobium recycled is not available, but it may be as 
much as 20% of apparent consumption. 
 
Import Sources (2015–18): Niobium ore and concentrate: Rwanda, 39%; Brazil, 19%; Australia, 16%; Congo 
(Kinshasa), 10%; and other, 16%. Niobium oxide: Brazil, 48%; Russia, 25%; Thailand, 10%; Estonia, 9%; and other, 
8%. Ferroniobium and niobium metal: Brazil, 70%; Canada, 26%; Germany, 2%; and other, 2%. Total imports: Brazil, 
67%; Canada, 23%; Russia, 3%; Germany, 2%; and other, 5%. Of the U.S. niobium material imports (by contained 
weight), 75% was ferroniobium, 14% was niobium metal, 10% was niobium oxide, and 1% was niobium ores and 
concentrates. 
 
Tariff: Item Number Normal Trade Relations 
   12–31–19 
Synthetic tantalum-niobium concentrates 2615.90.3000 Free. 
Niobium ores and concentrates 2615.90.6030 Free. 
Niobium oxide 2825.90.1500 3.7% ad val. 
Ferroniobium: 
 Less than 0.02% P or S, 
  or less than 0.4% Si 7202.93.4000 5% ad val. 
 Other 7202.93.8000 5% ad val. 
Niobium: 
 Waste and scrap5 8112.92.0600 Free. 
 Powders and unwrought metal 8112.92.4000 4.9% ad val. 
 Niobium, other5 8112.99.9000 4% ad val. 
 
Depletion Allowance: 22% (Domestic), 14% (Foreign). 
 
Government Stockpile:6 

  FY 2019 FY 2020 
  Inventory Potential  Potential Potential Potential 
Material As of 9–30–19 Acquisitions Disposals Acquisitions Disposals 

Ferroniobium (gross weight) 407 209 — — — 
Niobium metal (gross weight) 10 — — — — 
 
 
 
 
 
 

Prepared by Abraham J. Padilla [(703) 648–4965, apadilla@usgs.gov] 
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Events, Trends, and Issues: Niobium principally was imported in the form of ferroniobium. Based on data through 
August 2019, U.S. niobium apparent consumption (measured in contained niobium) for 2019 was estimated to be 
9,900 tons, slightly less than that of 2018. Brazil continued to be the world’s leading niobium producer with 88% of 
global production, followed by Canada with 10%. Global niobium production is thought to have increased in 2019 
owing to anticipated growing demand for ferroniobium from steel manufacturers in China following the country’s 
implementation of higher rebar strength standards beginning in November 2018. Niobium was increasingly 
substituted for vanadium as a microalloying additive in high-strength rebar owing to the supply deficit and high price 
volatility of ferrovanadium. Based on data through August 2019, ferroniobium imports into China were estimated to 
have increased by 50% in 2019 compared with the previous year. 
 
One domestic company developing its Elk Creek project in Nebraska announced a new mine design that was 
expected to increase the mine life by 4 years and reduce the environmental impacts of its operation. The new design 
included an onsite water treatment system that would eliminate the need to discharge excess process water into the 
nearby Missouri River, more efficient recycling of mineral-processing reagents, and the use of advanced emission 
control technologies that would result in reduced air emissions. The company submitted its construction air permit to 
the State of Nebraska in July. The project would be the only niobium mine and primary niobium processing facility in 
the United States. It was expected to begin production after 2020. 
 
In January, a leading niobium producer in Brazil announced plans to increase its annual ferroniobium production 
capacity by 50% to 150,000 tons (approximately 98,000 tons of contained niobium). The company expected to invest 
$200 million in the expansion which would be completed before the end of 2020. 
 
World Mine Production and Reserves: The reserves data for the United States and Brazil were revised based on 
information reported by niobium-producing companies and the Governments of those countries. 
 
  Mine production Reserves7 
  2018 2019e 
United States — — 210,000 
Brazil 59,000 65,000 11,000,000 
Canada 7,700 7,600 1,600,000 
Other countries   1,460   1,500                NA 
 World total (rounded) 68,200 74,000 >13,000,000 
 
World Resources: World resources of niobium are more than adequate to supply projected needs. Most of the 
world’s identified resources of niobium occur as pyrochlore in carbonatite (igneous rocks that contain more than 50%- 
by-volume carbonate minerals) deposits and are outside the United States. The United States has approximately 
1,400,000 tons of niobium in identified resources, most of which were considered subeconomic at 2019 prices for 
niobium. 
 
Substitutes: The following materials can be substituted for niobium, but a performance loss or higher cost may 
ensue: ceramic matrix composites, molybdenum, tantalum, and tungsten in high-temperature (superalloy) 
applications; molybdenum, tantalum, and titanium as alloying elements in stainless and high-strength steels; and 
molybdenum and vanadium as alloying elements in high-strength low-alloy steels. 
 
 
 
 
 
 
 
 
 
eEstimated. NA Not available. — Zero. 
1Imports and exports include the estimated niobium content of ferroniobium, niobium and tantalum ores and concentrates, niobium oxide, and 
niobium powders and unwrought metal.  
2Defined as imports – exports + adjustments for Government stock changes. 
3Only includes ferroniobium and nickel niobium. 
4Unit value is weighted average unit value of gross weight of U.S. ferroniobium trade. (Trade is imports plus exports.) 
5This category includes niobium-containing material and other material. 
6See Appendix B for definitions. 
7See Appendix C for resource and reserve definitions and information concerning data sources.
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0

North America – Vanadium feed sources

Status Region Operator Feed Potential products Sources, links

Operational USA, Utah Energy Fuels Inc., White Mesa Mill Tailings from the Uranium 
ore processing

FeV, high purity V2O5/V2O3, up to 1.5MlbV 
per year https://www.energyfuels.com/vanadium-production

Mineral 
discovery  USA, Colorado Western Uranium & Vanadium Corp., 

Sunday Mine Complex
Uranium-Vanadium ore FeV, high purity V2O5/V2O3. V resources 

~35MlbV
https://www.western-uranium.com/corporate-

presentation/Western_Uran_Van-
Presentation_Jan_2020.pdf

Mineral 
discovery  USA, Nevada

Silver Elephant Mining Corp.
Gibellini Black Shale primary vanadium 

project
V-bearing ore FeV, high purity V2O5/V2O3. Target annual 

production ~5.4MlbV
https://www.silverelef.com/projects/gibellini-

vanadium/

Mineral 
discovery  Canada, Quebec

VanadiumCorp Resource Inc.
Lac Dore Vanadium-Iron-Titanium project,

IRON-T Vanadium project

Vanadium-Titano 
magnetite

FeV, high purity V2O5/V2O3. V resources 
more than ~75MlbV

https://www.vanadiumcorp.com/wp-
content/uploads/2019/10/UPDATED-OCT-2019-

Company-Deck-2019_compressed-2.pdf

Mineral 
discovery, 

Positive PEA  
USA, Nevada First Vanadium Corp.,

Cornerstone’s Carlin Vanadium project
High-grade Vanadium-

bearing ore
FeV, high purity V2O5/V2O3. Target annual 

production ~6.2MlbV
https://firstvanadium.com/index.php/news/2020/548-
irstanadiumnnouncesositivereliminaryconomicsse20

200511

Operational Canada Shell / Husky Energy / Suncrude / Nexen 
inc. 

Spent catalysts from 
heavy oil and oil sands 

processing

FeV, high purity V2O5/V2O3. V resources 
more than ~13MlbVpa

https://iaac-
aeic.gc.ca/050/documents_staticpost/59540/82080/

Appendix_E_-_Part_09.pdf

Operational Mexico Comisión Federal de Electricidad
Ash and residues, 

recovered from power 
plants

FeV, high purity V2O5/V2O3. V resources 
more than ~0.7MlbV Roskill's Vanadium outlook to 2028

Operational USA, Idaho Bayer (ex. Monsanto Soda Springs 
phosphorus plant) Ferro-phosphorus slag FeV, high purity V2O5/V2O3. Annual feed 

production ~2.2MlbV https://www.sodaspringsphosphate2.com/

https://www.energyfuels.com/vanadium-production
https://www.western-uranium.com/corporate-presentation/Western_Uran_Van-Presentation_Jan_2020.pdf
https://www.silverelef.com/projects/gibellini-vanadium/
https://www.vanadiumcorp.com/wp-content/uploads/2019/10/UPDATED-OCT-2019-Company-Deck-2019_compressed-2.pdf
https://firstvanadium.com/index.php/news/2020/548-irstanadiumnnouncesositivereliminaryconomicsse20200511
https://iaac-aeic.gc.ca/050/documents_staticpost/59540/82080/Appendix_E_-_Part_09.pdf
https://www.sodaspringsphosphate2.com/
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Abstract: The recovery of vanadium from a typical low-grade refractory stone coal was investigated
using a pyro-hydrometallurgical process specifically including blank roasting, acid leaching, solvent
extraction, and chemical precipitation. The appropriate role of parameters in each process was
analyzed in detail. Roasting temperature and roasting time during the roasting process showed a
significant effect on leaching efficiency of vanadium. Using H2SO4 as a leaching agent, vanadium
leaching efficiency can achieve above 90% under the optimum leaching conditions of CaF2 dosage of
5%, sulfuric acid concentration of 4 mol/L, liquid to solid ratio of 2:1 mL/g, leaching time of 2 h, and
leaching temperature of 95 ˝C. 99.10% of vanadium can be extracted from the leaching solution in
three stages under the conditions of initial pH of 1.6, trioctylamine (TOA) extractant concentration of
20% (vol), phase ratio (A/O) of 2, and reaction time of 2 min. 1.0 mol/L NaOH was used to strip
vanadium from the extracted solvent phase. After purification and precipitation, vanadium can be
crystallized as ammonium metavanadate. The V2O5 product with a purity of 99.75% is obtained after
ammonium metavanadate thermal decomposition at 550 ˝C for 2 h. The total vanadium recovery in
the whole process is above 88%. This process has advantages of short operation time, high vanadium
extraction efficiency, and high purity of the product.

Keywords: stone coal; vanadium extraction; roasting; sulfuric acid leaching; solvent
extraction; precipitation

1. Introduction

Vanadium plays an important role in many fields because of its special properties in hardness,
high tensile strength, excellent corrosion resistance at low temperature, and specific physiological
functions [1]. In China, stone coal is a special vanadium-bearing resource that contains enormous
reserves of vanadium. Stone coal is a kind of carbonaceous shale which looks like coal but mostly
consists of quartz and with a low calorific value [2]. Typically, vanadium in stone coal exists in the
isomorphism-like form in which vanadium replaces trivalent aluminum in the mica structure [3].
The mica structure is stable, so the key step of extracting vanadium from vanadium-containing mica
is to destroy the lattice structure of the mica. Roasting and acid leaching are the most effective
ways to destroy the lattice structure of mica [4]. To recover vanadium from stone coal, it is usually
treated through several procedures, such as roasting, leaching, purification, and precipitation [5,6].
A considerable amount of investigation has been made to recover vanadium from stone coal. Some
extraction processes, such as modified sodium salt roasting-dilute sulfuric acid leaching [7], oxidizing
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roasting-alkaline leaching [8], calcium salt roasting-sulfuric acid leaching [9,10], and direct acid
leaching [11,12] were developed. Among all of the above extraction processes, roasting with salt as
an additive will result in serious air pollution and low vanadium recovery (less than 70%) [10], and
oxidizing roasting-alkaline leaching or low acid leaching was only developed for vanadium in stone
coal existing in the amorphous phase form [13]. As for calcium salt roasting-acid leaching processing,
it usually suffered from high temperature and long roasting time, generally 900–1000 ˝C and
2–3 h [14,15], which results in high energy consumption. When the direct acid leaching method is
adopted, high acid concentration (6 mol/L or higher) is usually needed [16] and other conditions, such
as high temperature and high pressure, are also generally required [12]. Excessive acid consumption
and the use of high pressure equipment make the entire process uneconomical. However, acid
leaching can get higher vanadium leaching efficiency compared to water leaching and alkaline leaching.
Therefore, the main task for vanadium leaching improvement is to reduce the acid consumption.

Apart from leaching, the purification of the acid leaching solution is another difficulty because
this is the key step for vanadium precipitation. Commonly, there are massive impurities, such
as Fe, Al, Mg, K, Na, Ca, P, and Si in the acid leaching solution, along with V. The methods for
vanadium-containing solution purification include chemical precipitation [17], ion exchange [18,19],
and solvent extraction [20–24]. However, chemical precipitation showed a poor performance of
selectivity of vanadium over impurities and will result in vanadium loss together with impurity
precipitation and ion exchange of vanadium only works in a low acidity solution, or a high acidity
solution with fewer impurities. Compared to the other two methods, solvent extraction shows better
selectivity and has the advantages of being sturdy in operation and being economically favorable [25].
Solvent extraction of vanadium from acid leach solutions have been studied and developed by many
researchers [22–24]. According to the literature [26,27], D2EHPA (di-(2-ethylhexyl) phosphoric acid) is
the most widely used extractant for its excellent performance in acidic solutions and ease in stripping.
Unfortunately, this kind of extractant presents poor selectivity of V(IV) over Fe(III). To reduce the
interference of Fe(III) on V(IV) extraction, Fe(III) is usually reduced to Fe(II) with a reductant. The
reduction process is complex and Fe(II) will be re-oxidized to Fe(III) by air during the extraction.
Amine-based extractants are found to be promising extractants to extract vanadium from solutions
varying in acidity. It shows good performance on vanadium selectively over Mo, Co, Ni, Ca, and
Fe [28]. However, there are few literatures focused on vanadium extraction from the acid leaching
solution of stone coal characterized by high concentrations of impurities like Fe, Al, Mg, K, Na, Ca, P,
and Si. Therefore, it is worth studying the extraction performance of amine extractant on vanadium
separation from the acid leaching solution of stone coal.

It is well known that the higher the purity of the V2O5 product, the more valuable it will be.
However, limited attention was focused on the product. Ning [29] reported that vanadium precipitated
as ammonium polyvanadate in acidic conditions in most plants of China and the purity of V2O5 was
lower than 98.5%, resulting in the lower value and the lower price of the product. Hence, it is necessary
to improve the quality of the product.

In conclusion, there are several disadvantages in the current research of vanadium extraction
such as long operation time, low vanadium recovery, high cost, and low purity of the product. In the
bibliography, researchers usually focus on one of the above-mentioned factors and ignore others. It
is necessary to comprehensively consider every factor. In this study an extraction process to recover
vanadium from a low-grade stone coal with the characteristics of shorter process and lower acid
consumption, as well as higher purity of product was developed. V2O5 can be prepared from stone coal
by means of several procedures including roasting, acid leaching, solvent extraction, and precipitation.
Effects of roasting and leaching parameters on vanadium leaching efficiency, and extraction parameter
changes on vanadium extraction efficiency, were investigated in detail.
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2. Experimental

2.1. Materials and Apparatus

In this work stone coal was supplied by Teng-da Mining and Metallurgy Co. Ltd., Xianning,
China. The ore samples were crushed and ground to less than 74 µm account for 70%. Various
chemical reagents, including H2SO4, CaF2, Ca(OH)2, trioctylamine (TOA), tributyl phosphate (TBP),
and sulfonated kerosene were used during the whole process.

Chemical compositions of stone coal were measured using X-ray fluorescence (XRF, Netherland
PANalytical B.V., AXIOS, Almelo, The Netherlands). The mineralogical composition of the stone
coal was identified by powder X-ray diffraction (D/MAX-RB, RIGAKU Corporation, Tokyo, Japan).
The surface morphology of the raw stone coal and the corresponding EDS analysis were examined
using a field emission scanning electron microscope (ULTRA PLUS-43-13, ZEISS, Oberkochen,
Germany). The vanadium valence of raw stone coal and leaching solution were determined by
the potentiometric titration method [30]. The ions’ concentration in the aqoeous solution were
analyzed using inductively-coupled plasma optical emission spectroscopy (ICP–OES, Optima 4300DV,
Perkin-Elmer, Waltham, MA, USA). The solution pH measurement was performed with a pH meter
(Mettler Toledo S220, Greifensee, Switzerland).

2.2. Procedure

2.2.1. Roasting of Stone Coal

A ceramic crucible containing 50 g of raw stone coal was placed in the muffle furnace and roasted
for a certain period at a preset temperature. After roasting, the crucible was rapidly taken out of the
furnace and cooled to room temperature with free access to air.

2.2.2. Leaching of Vanadium

The leaching experiments were carried out in a magnetic stirrer equipped with water bath heating.
In each leaching experiment, 20 g of the roasted samples and H2SO4 solution (L/S = 2:1, except for
L/S ratio experiments) were stirred (1000 rpm) in a 250 mL Florence flask immersed in a water bath
for a selected time. After leaching, the leach slurry was filtered and washed for a selected duration.

2.2.3. Solvent Extraction and Stripping of Vanadium

The leaching solution was adjusted to the desired pH value by 2 mol/L H2SO4 and 200 g/L
Ca(OH)2 before the solvent extraction. After pH adjustment, the system was filtered and the
feed solution for solvent extraction was obtained. TOA was acidified by 1 mol/L H2SO4 (volume
ratio = 1:1) before use. Tributyl phosphate (TBP) was used as a phase modifier at a fixed concentration
of 5% (vol) and sulfonated kerosene as a diluent. Solvent extraction and stripping experiments were
carried out by magnetic stirring (600 rpm) the organic and aqueous phases at selected phase ratios
in 250 mL conical flasks at 25 ˝C for a certain time. After the phase disengagement, the organic and
aqueous phases were separated using separating funnels. The concentration of ions remain in aqueous
solutions (raffinate) were analyzed with ICP–OES and that in the organic phase were calculated by
mass balance.

2.2.4. Precipitation and Thermal Decomposition

The pH of the stripped solution was adjusted to 8.0 by H2SO4 solution, then twice the theoretical
amount of NH4Cl was added and the solution was stirred for 10 h at ambient temperature. Vanadium
in the solution was gradually precipitated as ammonium vanadate. After solid-liquid separation, the
precipitate was washed by NH4Cl solution and dried in an oven. Finally, the precipitate was roasted
for 2 h at 550 ˝C in the furnace to prepare V2O5.
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3. Results and Discussion

3.1. Characterization of Raw Stone Coal

Chemical compositions of stone coal were shown in Table 1, the content of V2O5 in the raw ore
was 0.71%, indicating the raw ore is low-grade vanadium-bearing ore. The XRD (X-ray diffraction)
pattern of raw ore (Figure 1) revealed that the main mineral compositions were quartz, pyrite, calcite,
and muscovite. Figure 2 showed the SEM (scanning electron microscope) image of the raw stone
coal and the corresponding EDS (energy-dispersive X-ray spectroscopy) analysis of the sample were
listed in Table 2. As can be seen in Figure 2, the particles of the raw ore present as irregular in shape,
and the EDS analysis indicated that the main minerals like quartz, pyrite, calcite and muscovite were
intertextured together and vanadium mainly existed in the mica structure. The analysis of vanadium
valence of the raw ore showed that the vanadium contents of V(III) and V(IV) were 62.5% and 37.5%,
respectively, and V(V) was not found. Due to the similar characteristics of electronegativity and ionic
radius, V(III) in stone coal can replace the Mg(II) or Al(III) in the alumina oxygen octahedral structure
of mica to form vanadium-contained muscovite K(Al,V)2[Si3AlO10](OH)2 [4]. Hence, the raw stone
coal is typically a refractory ore where vanadium is difficult to extract.
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Table 1. Chemical composition of raw stone coal wt %.

Composition V2O5 Fe2O3 SiO2 Al2O3 MgO K2O Na2O SO3 CaO LOI

Content 0.71 4.99 49.28 8.91 2.18 3.02 0.38 4.35 6.26 17.82

Table 2. EDS (energy-dispersive X-ray spectroscopy) analysis of the raw stone coal based on Figure 2
(wt %).

NO. C O Mg Al Si S K V Fe Ba F P Ca

1 15.35 17.70 1.21 7.95 46.20 1.24 6.45 1.40 2.49
2 27.76 0.47 8.53 51.28 0.53 8.55 0.62 0.95 1.30
3 26.85 11.42 9.16 0.99 3.57 26.13 21.88
4 20.35 22.76 0.53 47.80 2.15 0.37 0.51 3.31 2.22
5 12.00 29.68 0.60 2.47 53.90 1.34
6 13.68 1.30 7.67 55.78 8.66 5.64 1.48 0.81
7 25.94 0.53 2.80 67.45 1.02 1.43 0.83
8 9.45 8.91 1.47 2.58 18.36 23.27 1.16 34.81
9 24.27 7.89 55.33 0.58 8.54 3.38

10 11.43 23.22 0.91 4.18 56.16 2.89 0.49 0.71
11 34.02 22.01 1.13 2.63 34.20 1.52 1.54 1.12 1.83
12 6.60 15.67 7.89 34.13 14.39 8.23 9.02 4.07
13 25.68 0.88 5.51 62.61 0.99 3.27 1.06
14 8.96 34.29 56.75

3.2. Effects of Roasting Conditions on Vanadium Leaching

In this study, vanadium in the ore is mainly fettered in the crystal structure of mica in the
form of V(III) and, as the mica structure is very sturdy, it is difficult to extract vanadium by direct
sulfuric acid leaching. Therefore, the purpose of roasting was to destroy the mica structure and
remove carbonaceous and organic matter from the ore. In this process, the roasting efficiency was
evaluated by leaching efficiency and the subsequent leaching experiments were performed under the
following conditions: H2SO4 concentration of 4 mol/L, liquid to solid ratio of 2:1 mL/g, leaching
temperature of 95 ˝C, and leaching time of 6 h. With a roasting time of 60 min, the plot of leaching
efficiency of vanadium vs. temperature is shown in Figure 3a. It was observed that the leaching
efficiency of vanadium increased gradually with the increase of roasting temperature and reached
a maximum value of 66.53% at 900 ˝C. However, with a further increase roasting temperature, the
vanadium leaching efficiency began to decrease, which may be attributed to sintering of the sample
and vanadium becoming enwrapped, according to the literature [4]. The comparison of XRD patterns
of the raw ore and roasted samples are presented in Figure 4. It is clear from Figure 4 that, with the
increase of roasting temperature, the mineral phase obviously changes, and the characteristic peaks of
mica become weaker with the increase of roasting temperature. It is worth noting that the characteristic
peaks of mica disappear at 900 ˝C, indicating a complete destruction of mica minerals.

To find the relation between vanadium leaching efficiency and roasting time, the reaction time
was varied from 20 to 140 min, while keeping the roasting temperature of 900 ˝C. The experimental
results are shown in Figure 3b. It is observed that vanadium leaching efficiency increases rapidly as
the roasting time increased up to 60 min. A further increase in the roasting time would lead to a fall
of vanadium leaching efficiency and this may also be attributable to sintering. Thus, the optimum
roasting time was chosen as 60 min.
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3.3. Sulfuric Acid Leaching of Roasted Stone Coal

Figure 5a shows the effects of H2SO4 concentration on vanadium leaching at a liquid to solid ratio
of 2 mL/g, leaching temperature of 95 ˝C, and leaching time of 2 h. Leaching efficiency is 34.5% at
H2SO4 concentration of 1 mol/L, while it is 90.19% at an H2SO4 concentration of 7 mol/L. It can be
noticed that leaching efficiency was relatively low under a low H2SO4 concentration. For example, the
leaching efficiency was only 66.53% when the H2SO4 concentration was 4 mol/L. Thus, it is necessary
to add leaching additives during the leaching process. Among all of the additives used in the literature,
fluoric additives revealed better performance because fluoric additives could react with sulfuric acid
and generate HF which could react with silicon and destroy the aluminosilicate minerals’ crystal
structure [31]. Concerning the lower causticity and toxicity, as well as lower price and commercial
production, CaF2 was added as a leaching additive to the leaching system. The influence of CaF2
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dosage on vanadium leaching efficiency is shown in Figure 5b. From Figure 5b, it is observed that the
leaching efficiency of vanadium increased greatly with the increase of CaF2 dosage. When the dosage
of CaF2 increased to 5%, vanadium leaching efficiency significantly increased to 91.23%.

1 
 

 Figure 5. Effect of leaching parameters on vanadium leaching efficiency. (a) Effect of sulfuric acid
concentration on vanadium leaching efficiency without CaF2 addition; (b) effect of CaF2 dosage on
vanadium leaching efficiency; (c) effect of sulfuric acid concentration on vanadium leaching efficiency
with and without CaF2 addition; (d) effect of liquid to solid ratio on vanadium leaching efficiency
with and without CaF2 addition; (e) effect of leaching temperature on vanadium leaching efficiency
with and without CaF2 addition; (f) effect of leaching time on vanadium leaching efficiency with and
without CaF2 addition.

Figure 5c compared the leaching results between direct acid leaching and CaF2 acid leaching
under different H2SO4 concentrations. From Figure 5c, we can see that vanadium leaching efficiency
increases with the initial concentration of sulfuric acid. When 5% of CaF2 was added, vanadium
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leaching efficiency increased significantly under the same initial concentration of sulfuric acid, and
the lower the initial concentration of sulfuric acid, the more obvious was the increase. Figure 5d
summarizes the changes in leaching efficiency with the change of liquid to solid ratio at H2SO4

concentration of 4 mol/L, leaching temperature of 95 ˝C, and leaching time of 2 h. In both leaching
processes, vanadium leaching efficiency increases with a lower liquid to solid ratio, and the increase
in the liquid to solid ratio shows little effect on vanadium leaching. It can be concluded that, under
the premise of better leaching efficiency, CaF2 cannot only decrease the necessary ratio of liquid to
solid, but also increases the concentration of vanadium in the leaching solution. Effects of leaching
temperature on leaching efficiency are shown in Figure 5e. Leaching temperature has a significant
effect on the vanadium leaching result. Under lower temperature (25–55 ˝C), the leaching efficiency of
vanadium has a slow growth with the increase of temperature in both leaching processes. When the
temperature is higher than 55 ˝C, vanadium leaching efficiency increases rapidly with the increase
of leaching temperature. Figure 5f shows the effect of leaching time on leaching efficiency. Leaching
efficiency increases significantly with prolonged leaching time, and this growth gradually becomes
smooth. Furthermore, the leaching equilibrium time shortened from 4 to 2 h after the addition of CaF2.

The above results clearly demonstrate that H2SO4 concentration, liquid to solid ratio, leaching
temperature, and leaching time significantly affect the leaching efficiency of vanadium in the leaching
procedure. CaF2 not only improves vanadium leaching efficiency significantly, but also greatly reduces
the consumption of sulfuric acid, reaction time and, eventually, reduces the energy consumption.
Hence, the optimum leaching parameters was chosen as: CaF2 dosage of 5%, H2SO4 concentration of
4 mol/L, liquid-to-solid ratio of 2 mL/g, leaching temperature of 95 ˝C, and leaching time of 2 h.

3.4. Solvent Extraction of Vanadium from Acid Leaching Solution

After leaching under the above-mentioned optimum leaching conditions, the leaching solution
was obtained and the main composition was listed in Table 3. It can be seen from Table 3 that
there was a high concentration of impurity ions in solution due to the poor selectivity of acid
leaching. It is necessary to separate vanadium and impurities from the leaching solution before
vanadium precipitation.

Table 3. Composition of the leaching solution (g/L).

Items V Fe Al Mg K Ca P Si

Concentration (g/L) 1.89 3.88 12.74 3.46 3.08 0.65 1.07 0.38

The analysis of vanadium valence showed 63% of V(IV) and 37% of V(V) in the leaching solution.
V(IV) in the leaching solution was firstly oxidized to V(V) by NaClO3 at twice the theoretical amount
because the amine extractant is favorable to extracting V(V) than V(IV). A series of experiments were
performed to determine the optimum extraction conditions and the influences of operating parameters
on extraction efficiency are presented in Figure 6.

The effect of the initial solution pH on the extraction of vanadium is shown in Figure 6a with an
organic phase composition of 20% (vol) TOA and 5% (vol) TBP, A/O phase ratio of 2, and extraction
time of 2 min. The results showed that pH had a great effect on vanadium extraction as the extraction
efficiency increased from 16% to 93% when the pH increased from 0.0 to 1.6. On the other hand,
impurity ions showed an extremely low extraction ratio. The extraction ratio of Fe, P and Si varied
from 3% to 5% with the pH changed while the extraction of Al, Mg, K, Ca and Na was nill. This
results demonstrated the chosed extractant TOA had good selectivity of vanadium over impurities.
Nevertheless, when the initial pH was higher than 2.0, emulsifying phenomenon appeared and
would influence the operation of the extraction process greatly. Hence, the optimal solution pH was
determined to be 1.6.
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Under the conditions of a solution pH of 1.6, A/O phase ratio of 2, and extraction time of 2 min, the
effect of TOA concentration on vanadium extraction was performed at different TOA concentrations
(vol) from 5% to 40%. It can be observed from Figure 6b that the vanadium extraction efficiency
increased from 41% to 92% as TOA concentration in the organic phase increased from 5% to 20%,
which indicated that the concentration of TOA influenced vanadium extraction greatly. However, with
a further increase of TOA concentration from 20% to 40%, the extraction of vanadium increased only
5%. Additionally, the viscosity of the organic phase increased when the TOA concentration increased
from 20% to 40%. The higher viscosity of the organic phase made it more difficult for the organic phase
to be mixed with aqueous solutions and more time-consuming to reach equilibrium. Therefore, the
optimum concentration of TOA was chosen as 20%.

To determine the effect of extraction time on vanadium extraction, the experiments were
performed under the conditions of initial pH of 1.6, A/O phase ratio of 2, and TOA concentration
of 20%. It can be seen from Figure 6c that vanadium extraction increased from 55% to 92% as the
extraction time increased from 10 s to 2 min. When the extraction time was longer than 2 min,
vanadium extraction efficiency was almost constant with the extraction time increase.

For better understanding of the extraction process, the vanadium extraction experiments were
performed at different phase ratios (A/O) and vanadium extraction distribution isotherms are shown
in Figure 6d using phase variation data. It can be seen from Figure 6d that two stages are required,
theoretically leaving approximately 0.03 g/L vanadium in the raffinate at an A/O ratio of 2. A
three-stage countercurrent extraction was conducted, as an additional stage is usually needed in the
actual operation. The vanadium concentration in raffinate was only 0.017 g/L, indicating vanadium
extraction efficiency was 99.10%.



Minerals 2016, 6, 69 10 of 13

The vanadium-loaded organic phases were stripped using NaOH solution for its high stripping
efficiency. The results (Figure 7a) show that stripping efficiency of vanadium increased from 3.75%
to 98.75%, while the NaOH concentration increased from 0.25 to 1.5 mol/L under the conditions of
stripping time of 2 min and O/A phase ratio of 2. However, free NaOH in the stripped solution is not
desirable because more H2SO4 will be consumed for the subsequent neutralization. For this study,
1.0 mol/L NaOH was chosen as optimum.
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To determine the stripping isotherms, the vanadium-loaded organic phases were stripped with
different phase ratios (O/A) while keeping the total phase volume constant. The stripping isotherms
plot (Figure 7b) shows that two theoretical stripping stages are needed for complete vanadium stripping
at an O/A phase ratio of 3. After the three-stage countercurrent stripping, the stripped solution was
collected and analyzed and the results are listed in Table 4. The stripped solution contained 25.64 g/L
vanadium, indicating vanadium stripping efficiency achieved 98.66%.

Table 4. Composition of stripped solution.

Solution V Fe Al Mg P Si

Stripped solution (g/L) 25.64 0.011 0.008 0.006 0.087 0.032
Purified solution (g/L) 25.32 0.002 0.001 0.001 0.011 0.008

3.5. Preparation of V2O5

After enrichment, the average vanadium concentration in the stripped liquor reached
approximately 25.64 g/L, which is shown in Table 4. From Table 4, it can be seen that impurities P
and Si were extracted along with the vanadium and then followed into the stripped solution. It was
reported that the concentration of P and Si should be below 20 mg/L to precipitate a high-purity
product of vanadium [32]. In alkaline solution, P and Si mainly present as PO4

3´ and SiO3
2´ and

could be precipitated with Mg2+ as Mg3(PO4)2 and MgSiO3, respectively. To remove the impurities,
the pH of the stripped solution was adjusted to 9.0, then five times the theoretical MgCl2 solution
was added, as it usually requires an excess amount of Mg2+ at 80 ˝C under stirring for 2 h to remove
P and Si [33]. The purification results are listed in Table 4. Table 4 shows that the impurities were
almost removed from the vanadium solution after purification. Twice the theoretical amount of NH4Cl
was added into the purified solution to precipitate ammonium meta-vanadate at pH about 8.0 and at
ambient temperature for 10 h. The precipitate was filtered and dried before being roasted in a muffle
furnace at 500 ˝C for 2 h to obtain V2O5. The chemical composition of the V2O5 product is shown in
Table 5 and compared with related Chinese Industry Standards (YB/T5304-2011) [34]. The V2O5 purity
reached 99.75%, and the impurities were in trace amounts, meeting the standard specification.
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Table 5. Chemical composition of vanadium pentoxide.

Component (%) V2O5 Si Fe P S As K2O + Na2O

V2O5 Product in This Study 99.75 0.026 nill 0.009 0.006 nill 0.012
YB/T5304-2011 V2O5 99 ě99.0 ď0.20 ď0.20 ď0.03 ď0.01 ď0.01 ď1.0

3.6. Establishment of Process Flow Sheet for Vanadium Extraction

Based on the above study, a process flow sheet was established for extracting vanadium from
stone coal (Figure 8). In this flow sheet, the vanadium product can be obtained by roasting-acid
leaching-solvent extraction-purification and precipitation. After roasting at a temperature of 900 ˝C
for 60 min and leaching under conditions of CaF2 dosage of 5%, H2SO4 concentration of 4 mol/L,
liquid-to-solid ratio of 2 mL/g, leaching temperature of 95 ˝C, and leaching time of 2 h, 91.23%
of vanadium can be leached. Through three stages of countercurrent extraction and three-stage
countercurrent stripping, the vanadium concentration of the stripped solution could be raised to
25.64 g/L given an extraction and stripping yield of 99.10% and 98.66%, respectively. After adding
MgCl2 to the stripped solution at a pH of 9.0, P and Si can be removed and the solution was purified.
Vanadium could be crystallized as ammonium metavanadate at ambient temperature and a pH of
8.0 with the addition of twice the theoretical amount of NH4Cl to the purified solution. The V2O5

product with a purity of 99.75% is obtained after roasting at 550 ˝C for 2 h. The recovery of vanadium
during the whole process was above 88%. This process has advantages of short operation time, high
vanadium extraction efficiency, and a high purity of the product.
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4. Conclusions

It is feasible to recover vanadium from refractory stone coal with high recovery efficiency by an
appropriate combination of pyrometallurgical and hydrometallurgical processes, including roasting,
acid leaching, solvent extraction, purification, and precipitation. The optimum parameters established
for roasting and vanadium leaching were: roasting temperature of 900 ˝C, roasting time of 60 min, CaF2

dosage of 5%, H2SO4 concentration of 4 mol/L, liquid-to-solid ratio of 2 mL/g, leaching temperature
of 95 ˝C, and leaching time of 2 h. Under these conditions, more than 90% of vanadium in the raw
ore can be leached out. Vanadium was selectively separated from the liquor using 20% TOA at pH
1.6 and stripped with 1 mol/L NaOH solution; the solvent extraction and stripping efficiencies are
99.10% and 98.66%, respectively. The product of vanadium pentoxide has a high purity 99.75%. This
process has the advantages of shortening the process, simplifying operation, higher recovery efficiency
of vanadium, and better adaptability to refractory raw ore.
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MINUTES 
of the Annual General Meeting of Shareholders 

of AMG Advanced Metallurgical Group NV (the ‘Company’) 
held on Thursday May 4, 2017 at 13.00 hours at 

World Trade Centre (WTC), Amsterdam, Strawinskylaan, The Netherlands 
 

1. Opening 
The Chairman: Ladies and gentlemen, I hereby open the Annual General Meeting of shareholders of 
Advanced Metallurgical Group NV (AMG). My name is Norbert Quinkert and I am the Chairman of the 
Supervisory Board. I would like to extend a warm welcome to all of you present at this Annual General 
Meeting of shareholders. 
 
I am very pleased to introduce to you Dr. Heinz Schimmelbusch, our Chairman of the Management 
Board and CEO; Mr. Jackson Dunckel, to his right, our Chief Financial Officer (CFO); and Mr. Eric 
Jackson, our Chief Operating Officer, to his right. Furthermore, I am pleased to introduce to you my 
fellow members of the the Supervisory Board: Mr. Jack Messman, Vice Chairman of the Supervisory 
Board and Chair of the Remuneration Committee; Mr. Martin Hoyos, Chair of the Audit Committee; Mr. 
Herb Depp, member of the Remuneration Committee; Professor Steve Hanke, member of the Risk 
Management Committee; Mrs. Donatella Ceccarelli, member of the Selection and Appointment 
Committee; Mr. Robert Meuter, member of the Audit Committee, to the left; and Mr. Petteri Soininen, 
member of the Remuneration Committee.  
 
Mr. Guy de Selliers, Chair of the Risk Management Committee, has excused himself as he is not able 
to attend due to prior commitments. Also attending this meeting are Mrs. Suzanne Folsom, in the front 
row, and Mr. Willem van Hassel, beside her. As you can read in the agenda for this meeting, the 
Supervisory Board proposes to appoint Mrs. Folsom and Mr. Van Hassel as members of the 
Supervisory Board. Also present is Mr. Ludo Mees, AMG’s General Counsel and Corporate Secretary, 
who will act as secretary of this meeting.  
 
I welcome to the meeting our Dutch Legal Adviser, Professor Martin van Olffen, sitting here in front, as 
well as our External Auditor, Mr. Tom van der Heijden of the accounting firm KPMG, also in the front 
row. I would also like to welcome Mrs. Kirsten van Rooijen of Computershare; she is outside, still 
collecting the numbers. As you will have already noticed she will be responsible for the voting 
procedure and the registration procedure for today’s meeting. Mr. René Clumpkens will vote on behalf 
of shareholders who have indicated that they want to be represented at this meeting and have not 
appointed their own representative. 
 
Please be informed that the proceedings of this meeting will be recorded, only for internal purposes 
and use and to facilitate the preparation of the minutes. The official language of this meeting is 
English. I will inform you of the number of shares represented at this meeting once Mrs. Van Rooijen 
has compiled that information. In connection with the orderly conduct of this meeting I hereby inform 
you that for each specific agenda item only questions related to that agenda item may be asked. 
Please use the microphone when asking a question and clearly state your name, as well as the name 
of the person or institution you represent.  
 
The next item on the agenda is the report of the Management Board for the financial year 2016, 
including the discussion of the Annual Report 2016. I would like to invite Dr. Schimmelbusch for the 
representation of AMG’s strategy and activities in 2016 and the current state of affairs of the company. 
Thereafter Mr. Jackson Dunckel will provide a summary of the company’s financial affairs. 
 
 

2.a. Report of the Management Board for the 2016 financial year including discussion Annual 
 Report 2016 

Dr. Heinz Schimmelbusch: Mr. Chairman, dear shareholders, in the name of the Management Board 
I also want to welcome you to this General Annual Shareholder Meeting. Steve, slide 1 please, thank 
you. As I noted in this year’s letter to the shareholders, contained in the Annual report, 2016 was a 
strong year for AMG, both operationally and financially, and also with regard to our environmental 
health and safety activities. Our success is due to a persistent focus on long-term growth, fuelled by 
technological innovations.  
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The global movement to stabilise and maybe one day eventually lower the atmospheric CO2-levels 
has led to more thoughtful use of energy, fuel-efficient automotive engines, aerospace engines, 
energy saving buildings, and clean or semi-green energy production.  
 
To achieve that, material science has to deliver solutions and that is where our critical materials enter 
the stage. In fact, that is the reason why these materials have become critical. We enable the new, 
smaller automotive engines to run at higher operating temperatures through the heat treatment of 
engine parts. We enable jet engines to run at higher operating temperatures through new alloys, such 
as titanium aluminides and through thermal barrier coatings of turbine blades.  
 
We have developed proprietary recycling technologies, including new plasma furnaces for titanium 
scrap, which Dr. Holz, head of AMG Engineering, will present in the video following my comments. Our 
focus on sustainable growth in this particular space – a space which is continuously expanding, given 
the big supporting trends – has now distilled into a strategic framework that synthesises various 
growth opportunities and projects and defines the expanding space in which we operate. This new 
strategic framework aligns closely with the 2016 Dutch Corporate Governance Code, which came into 
effect at the beginning of this year. The new code emphasises long-term value creation for all 
stakeholders. By deploying innovating energy saving technologies and doing so with a strict 
adherence to employee safety, AMG delivers substantial value, not only to our financial shareholders, 
but also to our employees and the universe of other clients.  
 
We think of the environment as our number 1 client. In this context it is difficult to declare success if 
you do not define the scale by which you measure success. We can measure success by the CO2 
reduction resulting from our activities in millions of tons per annum. It is fair to say that the equity 
markets took note of our performance over the past 12 months.  
 
Since we last spoke, on May 4, 2016, AMG’s value has increased by 145%, or expressed in market 
capitalisation, by $424 million. That exceeds by far our total market capitalisation at the beginning of 
2016. Financially 2016 was ahead of 2015. In EBITDA, plus 33%, in operating cash flow and in return 
on capital employed which now stands at 19% (12% in 2015). As a result of our strong performance, 
earnings per share increased by 230% and the AMG Management approved a 27 cents per share 
dividend, a 29% increase over last year’s dividend. All nine of our business units performed well, with 
outstanding results in Engineering, which increased EBITDA by 70%. AMG Superalloys business was 
able to double EBITDA from 2015 into 2016. Almost across the board AMG businesses outperformed 
as compared to 2015. The silicon metal and antimony business units were held back by low prices. 
Looking at the period from January 1, 2015 to April 20, 2017 we see an accelerating value 
appreciation, 34% in 2015 – talking equity value –, 73% in 2016 and 61% in the year to date 2017, 
which of course annualized would beat both previous year figures. The EBITDA multiple has evolved 
from 5.8 in 2015 to 6.4 in 2016 to 8.3 in 2017.  
 
We are working to convince the market that our unique portfolio of protected market position in 
markets which benefit from these big trends of our time deserves a high multiple even without a 
reference to lithium. Lithium of course adds to that upward trend as Albemarle for example, the market 
leader in lithium, trades at multiples of 14. As we have explained before, we are now coming out of a 
period of self-instructed austerity, with emphasis on eliminating net debt by capex discipline, working 
capital management, productivity management and process technology. Today we are free of net debt 
and the high quality balance sheet is a solid platform for growth. Given our lithium investment, 
however, we will depart moderately from this zero level going forward.  
 
At the same time, while the austerity was ongoing, we carried out an extensive search for qualifying 
growth projects in each of our units, and performed visibility work for those projects which could be 
seen as meeting our various hurdles. That was an exhaustive selection process. The result of all of 
this is a new strategic framework. We presented this strategic framework to the Supervisory Board and 
received an affirmative vote on executing the concept. The basic idea is to make transparent the 
combined impact of the various growth projects in a period of up to five years to quantify it and to 
commit to it. We differentiate three categories of growth initiatives, symbolized by:  
 

a) Our incremental additions to existing activities not requiring significant capital expenditures;  
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b) Non-routine expansion projects in existing product lines with significant capital expenditure 
requirements; 

c) Transformational projects, such as lithium.  
 
It should be noted that in order to qualify for acceptance into the expansion project portfolio, projects 
a), b) and c) should have a convincing cash-out incremental EBITDA multiple below 3, with exceptions 
allowed only under special circumstances. For illustration, one b project is the capacity expansion of 
our vanadium recycling plant in Ohio, following the bankruptcy filing of our main competitor, actually 
our only competitor. The outstanding c project is the expansion into lithium as presently represented 
by the concentrate plant under construction in Brazil, the largest investment of AMG. The 
Management Board believes we can commit to turning the present EBITDA level, which can be 
addressed as 100 million, into 200 million or more in five years or less. The lithium project is of course 
the largest single element to support our confidence in making this statement. One can express all of 
this in a simple equation. If we start with the present EBITDA level and if we add the incremental 
EBITDA of the qualifying a), b) and c) projects, we come up with the projected EBITDA level at the 
end of the chosen planning period. We have run a great number of scenarios. Individual projects are 
difficult to be planned precisely as you are dealing with the future. We have to account for 
uncertainties, unforeseen events, accidents, and roadblocks. In any case, the portfolio of qualifying 
projects delivers a higher quality of forecasting, as uncertainties have a tendency to cancel each other 
out. The consolidated forecast is likely to have a better quality than the forecast of each single project.  
 
I would now like to comment on the lithium strategy. This lithium strategy has several building blocks. 
The first is the 90,000 tons per annum spodumene plant – spodumene is a name for lithium 
concentrate – which is under construction. The second is the second 90,000 ton spodumene plant. 
We conducted a feasibility study and presently do not see any fatal flaws. Most building blocks are 
made possible by the exploration research and the increased ore reserves recently published. The 
third building block is an exercise to figure out whether we should go downstream to capture additional 
value, and if we want to do it, how to do it. That is a complex analysis which we are undertaking, also 
involving partners with complementary profiles. News is to be expected in Q3/early Q4. It should be 
noted that our exploration program is ongoing, targeting so far unexplored areas within our concession 
limits.  
 
You see the sequence of events here. On July 20, 2016 the Supervisory Board approved the project, 
and on October 26, 2016 we signed the EPC contract with Outotec. On November 7, 2016 we 
received the official permit from Brazil’s environmental agency approving physical construction. On 
March 3, 2017 we signed an offtake contract for the first three years of production. That is unusual; we 
are under construction in the plant, and we are sold out for the first three years. On April 3, 2017 we 
announced an increase in our lithium reserve. The resource map shows the explored areas where 
mining activities take place, Volta Grande A and C, as well as the areas which are exploration targets. 
Our present resource supports a 20-year production period, at 180,000 tons of spodumene per 
annum. Exploration is ongoing.  
 
The growth of AMG depends on innovations. In each of our activities, our nine units, we strive to be 
the technology leader, as this secures our market position. In fact, more than half of our sales are the 
direct result of innovations during the last ten years. As one of our leading innovators, AMG 
Engineering has been a pioneer in vacuum technologies for over ten years. AMG Engineering is led 
by Dr. Holz who is joining us this morning.  
 
At this point I will turn it over to him, and he will walk you through one particular innovation that AMG 
Engineering has brought to bear within the aerospace industry. Following the presentation by Dr. Holz, 
we will be most happy to follow on presentations in financial terms and then answer questions you 
might want to ask. Herr Doktor.  
 
Dr. Markus Holz: Dr. Schimmelbusch, thanks a lot.  Welcome ladies and gentlemen. Maybe some of 
you have used new aircraft to come to today’s AMG General Shareholder meeting. With a couple of 
slides I would like to acquaint you with the engine technology. So you have used the aircraft and when 
entering the aircraft you may have asked yourself: “What is important for me entering and flying in the 
aircraft?” I am sure a couple of you will have thought about safety (“hopefully the engine will never 
fail”). The second thing you might be thinking of is fuel efficiency, not only because the tickets are 
cheaper, but as we are thinking green, you might have thought about the ecological impact, the 
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footprint. And the third thing you might have thought about is the noise of the engine, in the aircraft 
while flying, but also when you’re living close to an airport, because of the impact of the heavy noise. 
Talking about that, what can AMG do to improve these aspects? You see here a couple of these 
targets we have in the future for improving the performance of engines. The targets come from the 
European Forum for Aviation. This institution, together with all national institutions and also the big 
aerospace companies, set the targets for the year 2035, by reducing the CO2 emissions by 60% and 
the NOx emissions by 84% and the noise emissions by 55%. Those are heavy targets and we have to 
ask ourselves what AMG can do to fulfill those targets.  
 
As an engineer, I typically try to complicate things; hopefully I will do it easily. This is the 
thermodynamics of an engine: you have a compressor where air is compressed up to 30 bars in the 
core of the engine, which is more or less a cartouche for a propane gas camping stove, so the 
pressure is very high, and then this hot gas is going through the combustion chamber where the fuel, 
the kerosene is injected. And this hot stream is then going over the turbine where the temperature 
increases up to 1600°C, which is below the melting point of most materials. Then the thrust is going all 
over the engine. At the core of the engine only 20% of the thrust is produced, but 100% of the energy, 
which then propels the fan that brings the maximum of the thrust. Here we have also a couple of the 
secrets regarding what we can do as engineers to improve the performance of an engine. It is very 
simple. Let us have a look. First thing is that you increase the pressure. And if you increase the 
pressure, you can make this core engine much smaller than the fan. And if the fan is bigger, the more 
air is flowing about the small part of the engine. And if this happens, the noise is reduced. It is very 
easy. The second thing you can do is increase the temperature. And that is very important, because 
herein lies the strength of AMG and ALD Engineering: you can increase the temperature and by 
increasing the temperature the fuel efficiency increases dramatically. And what have we done in the 
last years? You see: from the year 1915 up to the year 2020, which is a projection, 2030, there were a 
lot of developments. In the most of these developments ALD has contributed with a lot of technology, 
and sometimes even as the only player in the market to this target. Starting with these turbojet JT3C – 
and maybe you know the aircraft, a B707, this very old aircraft, which has very high fuel consumption 
– within the last 50 years we were able to reduce fuel consumption by 70%, which is a dramatic 
reduction of CO2. If you see all the technologies at the base of this slide – I will not go into details too 
much – but here is a focus of TBC ceramic coating Dr. Schimmelbusch mentioned beforehand. We 
have delivered a lot of technological advantages to this industry to make these engines more efficient, 
and in the end we are working further on that and you see on the right side Advanced Ceramic 
Materials beyond metals, and also new advanced TBC coating. So we are also working with our 
research and development heavily to even further reduce the CO2 impact in the future.  
 
Just one simple example only accounting for the A340 and A330 fleet worldwide, which is 10% of the 
total fleet flying worldwide: just by coating our airfoils in the turbine to increase the temperature, the 
estimated fuel saving is 1%, corresponding to 800,000 tons CO2 less per year. So we are constantly 
working on implementing more and more of these coated airfoils in the industry, to reduce even more 
the CO2 impact in the atmosphere. We are not alone, and you see all these companies working with 
us, as ALD and AMG Engineering in the AMG Group. You see a lot of companies you know from the 
slides beforehand. So just to name a couple of them: AMG Titanium Alloys and Coatings – they 
provide all these famous alloys to make titanium even stronger – you have AMG Aluminum, which has 
a lot of alloy material for making these aluminum parts of an engine more efficient, and of course you 
have AMG Superalloys with chromium metal, which is part of the combustion chamber in which the 
temperature goes up to 2200°C, which can only be handled by such a specific material. And at the 
end you see even in the turbine we have AMG Superalloys represented, with the newest technology of 
AMG Titanium Alloys and Coatings, a titanium aluminum alloy, which is also a very famous alloy for 
making engines more efficient. That is in a nutshell what we are doing for the aircraft engine industry. 
And another thing – and that is the basis for the film we are showing now – is that during the process 
of producing an engine you have a lot of revert material. Some may call it ‘scrap’, but we call it a very 
valuable material, because if you reuse this material instead of virgin raw material, you can save 90% 
of the energy. In most cases this is electrical energy, which stands for ‘CO2’. That is why we have 
invented this new technology. It is a plasma arc furnace, and I would be happy if you like this video 
where we are showing what this furnace can do for the recycling of this valuable material.  
 
[Video about the plasma arc furnace is shown] 
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The Chairman: Thank you very much Dr. Holz, and I would like to ask Mr. Jackson Dunckel for his 
financial presentation.  
 
Mr. Jackson Dunckel: Thank you, Mr. Chairman. I would like to cover a brief review of our results in 
2016, an update of our Q1 2017, which we announced today, and conclude by noting the key 
operational initiatives we undertook in 2016 and year to date 2017.  
 
This page is a summary of 2016 financial highlights, split by our two divisions: Critical Materials and 
Engineering. Starting on the top left of the page, you can see that our revenue declined slightly in 
2016 versus 2015, but this result was comprised of two very different results. A decrease in revenue of 
$56 million by Critical Materials, offset by an increase in revenue of $50 million in our Engineering 
division. The revenue decrease in Critical Materials is driven by ongoing lower metal prices across our 
businesses. As we pass through our raw material costs to our customers, lower metal costs mean 
lower prices to our end use customers. In Engineering on the other hand, strong volume growth, 
associated with increased demand from the aerospace industry for plasma remelting and turbine 
blade coating furnaces resulted in exceptional performance for 2016.  
 
Moving to the top right of the page, our gross margin in 2016 increased from 16% to 19%. This 
increase in margin represented yearly growth in our gross profit of 19% to $187 million combined for 
the two divisions. In terms of the two divisions while both Engineering and Critical Materials increased 
their gross profit by 20%, the reason behind the increase was a bit different. Engineering’s gross profit 
was driven by an increase in volume, while its gross margin declined slightly due to non-recurring 
restructuring costs. Critical Materials’ gross margin improved due to product mix improvement in 
several of our divisions, such as Superalloys and Titanium Alloys, due to stronger volumes and lower 
costs in our Tantalum business, and it was also helped by stronger vanadium prices in 2016. In the 
lower left-hand corner you can see that our EBITDA increased by 23% in 2016 versus 2015. This 
increase in EBITDA in 2016 to $100.7 million for the full year was driven by significant increases in 
both Engineering and Critical Materials. AMG experienced a $13 million increase in EBITDA. 
However, this translated to a 22% increase in Critical Materials and a remarkable 82% increase in our 
Engineering EBITDA. In the lower right-hand corner we summarize our capital expenditures for the 
year. We increased spending in 2016 to $44 million, from $23 million in 2015. This increase was 
driven by the three key projects Dr. Schimmelbusch mentioned, namely our lithium project in Brazil, 
which we began spending money on in Q4, the ongoing expansion in our titanium aluminides 
business, and our graphite mine expansion in Ancuabe.  
 
On this slide and the next one we would like to show you the 5-year development across some of our 
key financial matrices. As you can see, EBITDA in 2016 is a 5-year high for AMG and represents the 
result of years of work on cutting costs, improving the product mix, developing new products and 
driving each of our divisions to be the best performer in each of their individual markets. However, 
despite our focus on new product development we have been very disciplined on capital deployment. 
We spent the past four years in a period of austerity in which we limited our capital spending and 
reduced working capital. The result of this period of austerity can be seen in the chart at the bottom-
left of the page. Our ROCE in 2016 at 18.8% was the highest we have seen in the past five years. On 
the next slide we continue that story of austerity and the intense focus on cash flow AMG has had for 
the past five years. On the top-right we show the decline in net debt we have experienced due to our 
focus on working capital reduction and minimizing capital expenditures. This has left us with effectively 
zero net debt. In addition, as we note on the side of the slide, we renegotiated our credit facility in 
2016, increasing our maturity from three years to five years and giving ourselves $343 million of 
liquidity. On the bottom-right, the key driver of this increase in liquidity has been our operating cash 
flow. In 2016, you can see that our operating cash flow was lower than 2015, but this is mainly 
because we voluntarily invested $23 million into our US pension funds. If you add that back to our 
cash flow, we generated almost $80 million from our core operations in 2016, on par with our 
performance in 2015. In fact, if you add up the last three years, we generated $250 million of operating 
cash flow. This represents 95% of our EBITDA over the same three years. This extremely strong 
performance was driven by a relentless focus on reducing working capital and it has placed us in an 
excellent position to pursue our organic growth strategy in lithium and other products. This morning we 
announced the results of our Q1 2017 performance and I am pleased to say we had a very good 
quarter. Our revenues were up almost 9%, driven mainly by our Critical Materials division.  
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We had strong pricing in our vanadium and antimony businesses, as well as strong volume 
performance in titanium, superalloys and aluminum. Operating profit and EBITDA were both up 
roughly 60%, driven by equally strong performances in our Critical Materials and Engineering divisions 
and our fully diluted earnings per share increased to 50 cents per share, up 19% over Q1 2016. Our 
strong quarter throughout most of our divisions was offset by the fire we experienced at one of our two 
processing facilities in our plant in Brazil. Furthermore, our mine’s only tantalum customer, Global 
Advanced Metals, purportedly cancelled our contract in March of this year. We are in the process of 
pursuing multiple legal and insurance remedies to address the loss of income associated with the 
purported contract cancellation and the fire.  
 
We have some more details on this slide in terms of our two divisions and here again you can see that 
the stronger quarter was roughly balanced between the two divisions. The gross profit increased 
roughly 20% in each division and EBITDA increased about 55% in each division as well. In terms of 
our net debt and cash positions, we finished the quarter with effectively zero net debt and a decline 
versus the year end 2016.  
 
Operational update 
As we detailed in our Annual Report I want to enumerate some of the key operational achievements. 
At AMG Vanadium we took advantage of the bankruptcy of one of our key competitors to sign a new 
long-term agreement to process spent catalysts. At AMG Graphite we continued the development of 
the Ancuabe mine and I am delighted to report that the mine is currently operational and in the 
process of ramping up production. Our titanium division was selected by MTU under a long-term 
supply contract to supply titanium aluminides. This contract served to continue the strong growth we 
are seeing in a new product we developed commercially over the past ten years. As Dr. 
Schimmelbusch mentioned, one of our key current focus areas is our lithium project and progressed 
that strongly throughout 2016 and into 2017. AMG Engineering had one of the best years in its history, 
including ongoing strong order intake. We opened up a new integrated manufacturing headquarter site 
in Hanau and we also acquired the other 50% of our US joint venture called Holcroft, which we 
consolidated under the AMG Engineering banner. All in all it was a very good 2016 and a very strong 
start to 2017. Thank you.  
 
Dr. Quinkert: I would like to thank Dr. Schimmelbusch and Mr. Dunckel for their presentations. At this 
time I would like to give the shareholders the opportunity to ask questions regarding the Annual Report 
and the presentations of Dr. Schimmelbusch and Mr. Dunckel. May I kindly ask you when raising 
questions regarding the Annual Report to refer to the page of the report? Are there questions?  
 
Mr.Ritskes of the VEB: Congratulations with the results. I think it was amazing how you managed last 
year with the results. My compliments, I am really astonished. My first question is about the film you 
showed about the airplanes and so. How are competitors doing, and what is the market share of ALD 
in the total? What are competitors doing, are they ahead of AMG?  
 
Dr. Schimmelbusch: In general our aerospace driven market share across the board can be 
estimated as 50% of world market share, but in several of our areas we are clearly world leader and 
sometimes sole supplier to the world aerospace industry. In one particular item – I will not say which 
one – the situation is such that the aerospace industry has asked us to create a second supplier. So 
we get paid to create a competitor. I have been around a few years, I have been around the block –  
this is the first time that this occurred to me, in my professional life. We are creating our own 
competitor; we service our clients by creating a competitors. For example, Dr. Holz has mentioned 
plasma furnaces, I would say we have one competitor in this. The last four bids – we are talking $20 
million plus – we won three out of four. In coating turbine blades we are the sole supplier, and as I 
have said today in our press conference, we are very careful not to over-utilize market positions. Our 
first and foremost target is of course to get a good return, but we also need to think about the long-
term interest of our industrial customers.  
 
Mr. Ritskes; And also on the technology side? 
 
Dr. Schimmelbusch: On the technology side I think we clearly are technology leader in almost all our 
technologies. It is not only Engineering. I mentioned that in vanadium we benefited from the exit of our 
only competitor and that is a consequence of technology. Because we applied proprietary self-
developed technology which does not use water or create waste water. And our competitor did not 



 
 
4-5-2017 - AMG Annual General Meeting of Shareholders Page 7 / 21 
 

figure this out, so he created waste water. The only way to get vanadium out of waste water is not to 
put it in. Then our competitor was in the end surrounded by a blue lagoon, because he also recycled 
cobalt. And now he is gone and we are expanding into that empty market place, because our 
competitor has left, leaving clients unserviced. Most of our strategies are technology based and that 
implies we have to increase our technology lead constantly, and that is our theme. When Dr. Holz 
mentioned Hanau, I think we have over 300 engineers at work there. And in most of our other 
technology centres, from Nuremberg to Ohio, a large percentage of our corporate population consists 
of engineers and other academic branches necessary for material science.  
 
Mr. Ritskes: If you get a contract and you have only one source where you get your materials from, 
could it be a problem when one supplier does not have the material?  
 
Dr. Schimmelbusch: AMG counts nine business units and these consist of several sub units. The 
main units are all 100 years and older. We actually like 100-year old companies, because by the 
simple fact that they are hundred years they show they are very sustainable.  
 
Mr. Ritskes: Do you have more companies who deliver to you, or is it only one source for some 
materials? 
 
Dr. Schimmelbusch: We have very few instances where there is only one source.  
 
Mr.Ritskes: That could be a problem.  
 
Dr. Schimmelbusch: Yes, of course, but many things can be a problem in life. But we manage. We 
have not had a situation in the last 100 years of these companies. They are extremely experienced 
organisations. Do not forget: when you have only one supplier, you need him, but he also needs you. 
In most cases you have long-term contracts. Of course there are risks.  
 
Mr. Ritskes: You mentioned the 3-year selling contract. So if you could not deliver the material? 
 
Dr. Schimmelbusch: No, but that is our mine. We do not sell a particular amount, we sell what we 
produce.  
 
Mr.Ritskes: So it is not an obligation?  
 
Dr. Schimmelbusch: I am looking at our Chief Compliance Officer, who is a senior lawyer. He 
watches over our contracts. We would not go short; we would sell, depending on production. So we 
sell our mine production.  
 
Mr. Ritskes: But if at some point the production is not enough, there is no problem?  
 
Dr. Schimmelbusch: Well, it is better to have a high production than to have a low production, 
because of the money.  
 
Mr. Ritskes: I understand. But there is no obligation to produce a certain amount?  
 
Dr. Schimmelbusch: No.  
 
Mr. Ritskes; Okay, thank you. What I missed in the report is the price of the respective materials. In 
former issues you gave some charts with the price. Could you give some information on the prices at 
this moment?  
 
Dr. Schimmelbusch: Well, we have prices across the board assembled still in the lowest quartile of 
the 10-year statistics.  
 
Mr. Ritskes: Except vanadium.  
 
Dr. Schimmelbusch: No, vanadium is solidly in the lowest quartile. Recently the price of vanadium 
has increased, coming from an extremely low level. Do not get misled by the high percentage of 
vanadium price increases, because they start from an extremely low level. In a scale from 1 to 10 the 
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prices of vanadium is at 1.9, so solidly in the lowest quartile. All the other prices are also in the lowest 
quartile. Lately, antimony, silicon metal, aluminium alloys, has crossed over to the next quartile. We 
are very dependent on conversion premiums, not on prices, because with most of our businesses we 
are not long or short, we convert and we live off of the conversion margin. In vanadium however, and 
also in nickel, molybdenum and certain qualities of graphite, we are generally long, we depend on long 
position, and therefore we are leveraged to the price of those materials. And we are very much 
leveraged to the price of vanadium. 
 
Mr. Dunckel: In terms of access to this information, there is a presentation at the front door, which we 
publish on our website every quarter, with all the information on our materials and our pricing. Heinz 
was referring to page 9 of the presentation.  
 
Mr. Quinkert: Are there further questions?  
 
Mr. [name not stated]: I have another question. We have the Panama Papers; there were a lot of 
publications about it, in Holland also. You know the Panama Papers?  
 
Dr. Schimmelbusch: I do not, can anybody enlighten me?  
 
Mr. [name not stated]: Then I would like to ask the other people. I just wanted to know if some 
member of the total board has been questioned about the Panama Papers.  
 
Dr. Schimmelbusch: Nobody has been questioned about the Panama Papers.  
 
Mr. [name not stated]: But you did not know about the Panama Papers?  
 
Dr. Schimmelbusch: That was a joke. Any further questions?  
 
Mr. Van der Sommen: My name is Lex van der Sommen, I am a long-term shareholder. About your 
lithium project, could you explain something about your competitors, it is mentioned before, because I 
read that one of your competitors, FMC Corporation in the US, is expanding its production facilities 
with 20,000 tons. Do you not think that would deteriorate the prices of lithium? Because in the past we 
saw with the silicon activities, the solar activities, with the competition of the Chinese and so on, the 
prices were very bad. So when more competitors of you are expanding their production facilities, how 
do you look at this development?  
 
Dr. Schimmelbusch: Behind that question is of course a very complex structure of the whole industry 
in lithium. In lithium, which is a very old industry, you have Albemarle, FMC and SQM in Chile that are 
the three big producers of brine based lithium. We are not brine based, we are mineral based and 
there are very few mineral based lithium producers. And the principal ones are associated with 
tantalum. Talison comes to mind, which is the only real large spodumene producer right now. The only 
one. Spodumene mineral based lithium is feeding higher qualities in the market, and the market is 
practically all in China. We have very low risk in this, because our costs are extremely low. We are the 
cost leader in the lithium market and that means that at present prices our margins are very high, so 
there is a lot of room where we still are very profitable in falling price scenarios. And then of course we 
have a minimum price in our 3-year supply contract. And even if it falls to minimum price, we make 
very good money. At the minimum price, which is a contractual price. We are doing this for a living and 
therefore we are trying to de-risk such projects, by preselling and doing contracts which shield us 
against unpleasant market situations.  
 
Mr. Van der Sommen: Leaving FMC Corporation out of consideration, do you see expanding 
activities of other competitors too?  
 
Dr. Schimmelbusch: Everybody is expanding and the biggest expansion happens in the market. The 
demand has started to expand very recently, and is trying to catch up. We actually offered one year – 
we wanted to just sell the first year – and the customer we were negotiating with said: “I need three 
years.” It is rare that somebody buys all of what you produce and multiplies that by three. So the 
market is very strong.  
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Mr. Van der Sommen: Then I have second question. Are you worrying about possible alternatives for 
lithium in the next four years?  
 
Dr. Schimmelbusch: No.  
 
Mr. Van der Sommen: Not at all? 
 
Dr. Schimmelbusch: No. Well, you invited me to worry, but I do not.  
 
Mr. Van der Sommen: Do you expect it, or do you see something?  
 
Dr. Schimmelbusch: No, I just said “no” and I did not make a footnote.  
 
Mr. Van der Sommen: I read an article of an analyst about the lithium companies in the world. It was 
a very good, interesting story, but at the end he said: “No, I do not have any shares”, because there 
could be alternatives in the future. That was the reason he owned no lithium shares.  
 
Dr. Schimmelbusch: He did not?  
 
Mr. Van der Sommen: No, he did not.  
 
Dr. Schimmelbusch: Well, that is too bad for him; he would have made some money by buying 
lithium shares.  
 
Mr. Van der Sommen: You do not see a threat?  
 
Dr. Schimmelbusch: I cannot be more clear, I said “n”, “o”.  
 
Mr. Van der Sommen: I have one further question. The stock price did very well; we saw it rising from 
$5, $6, $7 to now $25. But you are still a small company with a market capitalization of $700 to 800 
million, much less than $1 billion. We saw a lot of M&A activity in Europe, we saw Akzo, Unilever. Big 
American companies are interested in European companies. Do you think with the company firing all 
cylinders it could be a target for bigger companies, with a market capitalization of $20 to 30 billion?  
 
Dr. Schimmelbusch: Yes, that is in fact something we discuss sometimes, and that is why we are 
very happy we have quadrupled the value of the company. That of course is an inverse relationship to 
the probability of being taken over. We want to develop the value of AMG in a sustainable way and we 
do not want to be interrupted by some guys who want to play games. We are developing the company 
in a sustainable way, at least we try. And if somebody has a strategy to acquire us, it would be 
probably interrupting such a strategy and therefore we would not be welcoming such initiative. But 
maybe somebody very charming comes along and has consistent ideas; then we would welcome 
them.  
 
Mr. Van der Sommen: A last question. You are very hesitant about the future, about next year. Why 
are you not more positive about the prospects for this year, with such very good figures? 
 
Dr. Schimmelbusch: That question is being asked frequently. It is because we are such cautious 
people. We are very conservative, we are notoriously conservative. We want to outperform, not 
overpromise.  
 
Mr. Ritskes (VEB): In the Annual Meeting of 2014 Mr. Schimmelbusch mentioned that the 
Engineering part at that moment was performing very badly. And you mentioned that a normal 
EBITDA should be around $30 million. Is this the target at this moment? 
 
Dr. Schimmelbusch: That is what it is now, it is not the target; we are performing around those 
figures. Dr. Holz, he is sitting there, he was giving this excellent introduction into aerospace basics, 
when did you join?  
 
Dr. Holz: At the end of 2012.  
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Dr. Schimmelbusch: So, in 2014 he was still running around the soccer field, getting warmed up.  
 
Mr. Ritskes (VEB): So it is completely his merit?  
 
Dr. Schimmelbusch: He is one of 450 engineers, but he is a leading one. We run our business units 
by CEOs; who have the whole responsibility, other than strategy, which is my responsibility, other than 
operations, which is the responsibility of Mr. Jackson, other than finance, which is the responsibility of 
Mr. Dunckel. But they are full-fledged CEOs in their own right, and Dr. Holz has done an excellent job 
in turning this company around. But the most important thing here is that we have changed radically 
our product offering. In 2014 and earlier we were very much dependent on the steel industry. The 
typical furnaces we historically offered to the market were offered to the high performance steel 
producers, high purity steel. Today, that is no longer important to us. The market is still there, 
occasionally we sell a furnace, we are in powder metallurgy, we are in coatings, in heat treatment 
services, we are in a variety of recycling technologies including plasma, and we are in those areas 
able to handle circumstances which are unheard of. In this video you saw that in plasma we are 
handling temperatures very hot. So, a lot of technology is required, which we have to develop, and 
that is why we are so confident. Because if a competitor wants to show up, he has to spend quite 
some time, measured in ten year intervals, to catch up. We are I think at the top of the pyramid of the 
German metallurgy industry.  
 
Mr. Ritskes (VEB): Then on the division of the end market. So you give in 22% special metals, 15% 
energy, 40% transportation, 23% infrastructure. Is this the right division or do you intend to change it?  
 
Dr. Schimmelbusch: No, we are very happy to be very diversified in regard to end markets.  
 
Mr. Ritskes (VEB): But, with these percentages? 
 
Dr. Schimmelbusch: It is not very much on our mind, other than that all these end markets are 
somehow related to the big trend which is fuelling us. When we are selling to the world’s largest 
chemical company – I do not want to name this company – then we are selling to that company 
because we are toping insulation materials which enable that company to be the world leader in 
insulation materials end market. Which is directly related to CO2 reduction targets of all governments 
around the world, because they are subsidizing insulation materials in order to prevent infrared waves 
going through walls, and that then has energy saving effects. So that is then on the infrastructure. As 
mentioned we are coating turbine blades. We enable companies like General Electric, Pratt & 
Whitney, Rolls Royce, Praxair to coat turbine blades, because if you coat turbine blades, you can fly 
with 1,500°C. Otherwise you would have to fly with maximum 1,300°C, because high performance 
steel used for these turbine blades oxidizes at 1,300°C. We enable them to fly with higher 
temperatures and that directly creates CO2 reduction. The combined impact of our main products has 
a CO2 mitigating effect of 28 million tons in 2016. I do not know of any other company which has 
achieved this kind of position in this market. We are very happy to be in this CO2 reduction market, 
whether it is infrastructure, aerospace, or the automotive market. We treat millions of engine parts for 
the automotive engines in the new generation of hot running engines, because of fuel efficiency. The 
common denominator of all of these things is gasified in different end mark, but the real denominator 
is CO2 reduction. Herr Doktor, right? I always address him as the most intelligent man in our company, 
Dr. David White, he is a summa cum laude physics Doctor from the University of Oxford and he is 
running our environmental logic empire.  
 
Mr. Ritskes (VEB): Okay, then I have a question on the members of the Supervisory Board. Mr. 
Soininen and Mr. Meuter were appointed as members of the Supervisory Board in 2014. On that day 
we saw a big agreement between the company and RWC. Now Mr. Soininen is stepping down. I 
would like to hear more about why he is stepping down, because he was appointed till 2019. And 
second: what happened in the last two years? Because as outside shareholders we saw that first 
there was buying by RWC to 20%. Last December they sold out and now they have 10.7%. Mr. 
Soininen, if he gets away, okay, then the remainder of 10.7% would be sold. But as outsider 
shareholders we do not know what has been achieved in the last two years. So I would like both 
gentlemen to give more information to the shareholders about what happened in the last two years.  
 
Mr. Norbert Quinkert: Well, perhaps Mr. Soininen can answer that question. 
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Mr. Soininen: Let us first answer the question why I am stepping down from the Supervisory Board. 
Two years ago RWC and AMG completed their Relationship Agreement for a period of two years, 
which is now ending and it is a natural moment for me to step down from the board. With regard to the 
achievements in the Supervisory Board: all the discussions within the board in the governance context 
of the Netherlands are confidential so I am not allowed to make any comments to that. I can only refer 
to the observable facts of the very important strategic decisions that were made, which have been 
public and were publicly announced in the past few years. And obviously with the presentations this 
morning and now during this meeting we are giving everybody an equal footing in terms of the plans of 
the company going forward. One final point on the remaining share of RWC: I am here in my capacity 
as a Supervisory Board member, but I can allude to RWC with one comment. RWC does not comment 
on trading decisions to buy or sell in public in any way and any case.  
 
The Chairman: But let me add, we are good friends.  
 
Dr. Schimmelbusch: Rob, do you want to add something?  
 
Mr. Meuter: Let me first say I am not a representative of RWC. I did not know the company until two 
months before I was appointed here. So I am going to stay as a representative, I am not a 
representative, I am independent. With regard to what has been discussed and what has happened, I 
think, look at the share price. As Supervisory Board director I am pretty happy with this company and 
the way it is developing.  
 
Mr. Quinkert: Thank you Rob, any more questions? This does not seem to be the case. So as all 
questions have now been answered I now conclude the agenda item.  
 
The next agenda item is the Report of the Remuneration Committee of the Supervisory Board for the 
2016 financial year. In accordance with Dutch legislation, AMG believes it is important to be 
transparent on its remuneration policy and the implementation of such policy. Mr. Messman, chair of 
our Remuneration Committee, will therefore now give a presentation on AMG’s remuneration policy. I 
now pass the floor to Mr. Messman. After his presentation Mr. Messman is happy to answer any 
question you may have in relation to the remuneration of the Management Board of AMG. 
 

2.b Report of the Remuneration Committee of the Supervisory Board for the 2016 financial year 
Mr. Messman: Good afternoon, my name is Jack Messman, I am the Chairman of the Remuneration 
Committee. Today I am going to talk about the AMG compensation system, the basics mechanics of it, 
the 2016 bonus results, the long-term incentive plans that we have, observations about our 
compensation system and then talk about the results of the Willis Towers Watson study that was 
done. Willis Towers Watson is perhaps the largest compensation policy consultant in the world.  
 
Next slide please. These are the components of our Management Board remuneration. There is base 
salary, there is an annual bonus system, sometimes referred to as short-term incentive, and then we 
have long-term incentives which are in the form of stock options and performance share units. All 
components are determined by market date, derived from a comparison with a group of companies 
known as the peer group. The peer group has been reviewed and changed in 2016 upon the advice of 
Willis Towers Watson, our independent compensation consultant. This is a negotiation between our 
consultant, the Management and the Remuneration Committee to arrive at these companies. There 
are 17 companies, 11 are US based companies, 4 are UK companies and 2 are European companies. 
They are in the metals business, the specialty chemicals business and other technologies relevant to 
AMG. The data is analysed, it is public data for these companies that are analyzed by Willis Towers 
Watson. These 17 companies are the companies that we compete with for sales and executive talent. 
Our compensation target is 50th/60th percentile of the peer group and we follow a US centric approach 
in determining executive compensation, which is the basis at which we have been compensating since 
our formation. Our top executives live in the US and about a third of business is in Europe and a third 
in North America. The rest of the world is the final third.  
 
Short-term incentives are based on an annual budget, approved by the Supervisory Board and that 
drives the metrics for the entire year in the compensation. The metrics are: 40% weight factor for 
ROCE, 40% for operating cash flow and 20% based on personal targets for each of the executives. 
The short-term incentive is a percentage of the salary. You can see the target bonus is ranged from 
85% for the CEO to 65% for the COO and CFO. You can see where the competition of the peer group 
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shows up at the 50th percentile. These are higher than our numbers. So our target bonuses are below 
the 50th percentile of our peer group.  
 
Next slide. These are the bonus results for 2016. You can see the performance in the first column. 
These numbers were reviewed and approved by the Remuneration Committee and compared against 
the budget that the Supervisory Board approved last year. As you can see it ranges from 269 to 283. 
The weight is 40-40-20 and when you do all the multiplication the overall performance is 276%. We 
had a very good year for performance and shown in the first column is the performance in each of the 
categories. Next please.  
 
Based on management superior performance the payout percentages are calculated at the top of the 
page. Target bonuses x performance factor gives you the percentage. Those payout percentages are 
then used at the bottom of the chart. We calculate the actual bonus amounts: salary x payout 
percentage equals dollars of bonus. Our management team performed well in 2016 and the bonus 
amounts reflect that performance.  
 
The next slide concerns long-term incentives. We split long-term incentives between stock options 
(SO, 20%) and performance share units (PSU, 80%). With regard to the stock options management 
must pass a 3-year average ROCE in order to be eligible for the program. And then it vests 50% after 
3 years and 50% after 4 years, so we have some retention factor there. The options have a 10-year 
life and that gives the executive the time to exercise the options after they are vested. The exercise 
price is at market price on the date of grant to the executive. For performance share units again they 
must pass a 3-year average ROCE threshold to be eligible and our compensation consultant tells us 
this is very tough for the management to get through. I call it a “gate in order to participate”. It is 
measured on total shareholder return and the payout is based on our total shareholder performance 
versus the Bloomberg World Metal Fabricate/Hardware Index. We must be above the 25th percentile 
for any payout and it we want to earn our 100% long-term incentive we have to be at the 50th 
percentile or better.  
 
The next chart offers some of the history on our PSU plan. In 2013 we were only at the 25th percentile 
of our peer group and only 25% of the PSU were vested and paid out. 2014 and 2015 were difficult 
years. We were below the 25th percentile of peer group and 0% vested. In 2016 we were at the 60th 
percentile of the Bloomberg index which yielded a 115% payout for the management and vested in 
2016. That was for an award that was made in 2013, it takes 3 years ROCE to get these vested. And 
in 2017 with total shareholder return at 90th percentile of the Bloomberg index it yielded a 175% 
payout, for a PSU award that was made in 2014. So in 2016 and 2017 AMG’s stock price performance 
was at the 60th and 90th percentile respectively of the Bloomberg World Metal Fabricate/Hardware 
Index. This was due to management performance which caused our stock price increase by 198% 
since January 1, 2015. Next chart please.  
 
Our metrics for 2017 will be the same as for 2016: 40-40-20 and those metrics that we showed you 
earlier. We will continue to rebalance our components of compensation. Generally we keep salary 
increases flat or moderate and we will maintain our long-term incentives tied to shareholder return. 
Our new compensation adviser Willis Towers Watson has completed its review of the Management 
Board and the Supervisory Board. This review was initiated following the agreement reached by AMG 
and its largest shareholder RWC in March of 2015.  
 
Next slide please. The results of that study by Wilson Towers Watson are as follows:  
 Current policy and structure of the remuneration of the Management Board is in line with the 

practice as exercised by AMG’s peers; no material issues identified in current Remuneration 
Policy. 

 The Supervisory Board has decided to first review implications of the new Dutch Corporate 
Governance Code on remuneration before we make a decision whether to propose changes to 
the Remuneration policy for the Management Board. 

 Remuneration of the Supervisory Board is generally comparable and in line with its peers; 
compensation of the Chairman is low compared to our peers, but the Supervisory Board has 
resolved not to propose a change in current level of compensation until we get the study done.  

 WTW has also carried out a pay-for-performance alignment assessment of the CEO function. 
We have done this for all the executives and it is shown on the chart.  
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Let me explain this chart. If you draw a 45º line between the vertical and the horizontal axes, you get 
what I would call a perfect balance between performance and compensation. If you consider one 
standard deviation on either side of that 45º line, you create what we call a “fairway”. And you golfers 
will understand what this means. On the left side of this chart we do a 3-year average of CEO pay, 
which includes bonuses and long-term incentives. There is a lot of variability if you just look at a one 
year comparison and we use a 3-year analysis to be more indicative of long range performance. On 
the bottom of the chart you have total shareholder performance percentile versus our competitors. 
Now let me direct you to AMG, that dot on the right-hand side of the chart. If you look at that and go 
horizontally to the left, you will see that our CEO compensation is at the median, right in the middle of 
what our peer group pays. If you look at that dot and you go down, you will see that our performance 
is almost at 100% of the peer group. This means that our CEO pay is well aligned with pay-for-
performance results of our peer group. Now, a couple more observations. If you are in lower right-
hand quadrant of this chart – which we are – you are under-compensating the management and could 
be at risk of losing them. If you are in the upper left-hand side of the chart you are overcompensating 
your executives and need to consider changes. This chart is developed by our compensation 
consultant. They had to crunch a lot of numbers and each of these dots represents a member of the 
peer group. I have done it three years in a row now and I believe AMG has either been on the bottom 
line or to the right of it for the last three years. So I think our compensation system is working and we 
have alignment between what our executives are paid and the value we are delivering to them and the 
performance they are delivering to the shareholders. Next chart please.  
 
US proxy advisers like Glass Lewis and more recently ISS review relative performance in addition to 
shareholder return. This exhibit below compares AMG’s performance in seven measures ISS reviews; 
Glass Lewis considers a subset of these measures. AMG’s total shareholder return, EBITDA growth 
and ROCE are all in the top quartile. I think that if you look at the left-hand side to net revenue growth 
and operating cash flow, you will see that we are somewhat below that. And I think that in the 
assessment of the Remuneration Committee these results were due to elements beyond the control of 
the management, primarily what has happened to metals prices in the last two years. Had we had a 
better environment, we would have done better on those two measures. So the Supervisory Board 
and the Remuneration Committee are very pleased with the performance of the companies’ 
management as reflected in total shareholder return, and we believe our system is working. Mr. 
Chairman, that completes my remarks.  
 
The Chairman: Thank you. Are there any questions?  
 
Mr. Ritskes (VEB): Could Mr. Messman go back to the first slide of the presentation, where you see 
the peer group? There you see 11 US, 4 UK and 2 European. AMG is more or less a European 
company. How many of these companies have the same turnover as AMG?  
 
Mr. Messman: I think of the 17 companies in the peer group 6 are below us in size and others are 
bigger. As a result of those other companies being much bigger we look at the 25th percentile of the 
numbers as being a relevant reference point to us, because we are lower in size of revenues.  
 
Mr. Ritskes (VEB): I am still hesitating because AMG is a very small company, with a turnover of less 
than $1 billion, 3,000 people, and I think it is overdone, what you pay as a salary and a bonus.  
 
Dr. Schimmelbusch: Well, last time it was 3,000.  
 
Mr. Ritskes (VEB): Looking at the total, I am considering voting against this.  
 
Mr. Messman: Do you not think the performance is there? We think the performance is there.  
 
Mr. Ritskes (VEB): Nonetheless, but we have the discussion in Holland that 20% of the salary could 
be paid out in bonuses, and so on. You are more or less also a Dutch company, so that is my 
hesitation.  
 
Dr. Schimmelbusch: Well, in all reference and devotion to the Dutch market we are not operating in 
Holland, we are operating worldwide and the executives we hire are not hired in Holland. They are 
hired worldwide and executive compensation has to reflect that. We have no peers in Holland; there is 
no other company of that nature in Holland. We are running a variety of peer groups. We have asked 
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a neutral expert to select a peer group and we partly disagree with that peer group, but that is why you 
have neutral experts who have their own opinion. And then you follow them in their compensation 
advise. That concludes my comments on this.  
 
Mr. Messman: We do not believe that where you list your stock is indicative of how you compensate 
your employees.  
 
Mr. Ritskes (VEB): Okay, I understand, that is okay.  
 
The Chairman: Any further questions? This is not the case and I conclude this agenda item. The next 
item on the agenda is the discussion on the dividend policy. In accordance with the Dutch Corporate 
Governance Code AMG proposes to discuss AMG’s dividend policy, also in view of the fact that this 
policy has been amended fairly recently in 2015. I would like to pass the floor to Dr. Schimmelbusch to 
explain the change in dividend policy.  
 

2.c   Discussion of dividend policy  
Dr. Schimmelbusch: Our dividend policy was established in 2015. We paid 21 cents per share in 
2015. In 2016 we paid 27 cents, an increase of 29%. We do not want to change any dividend policy 
here, we have discussed this topic in many ways. There have been suggestions to tie dividend to net 
income, which we do not do because of the volatility of net income, which is partly not in control 
because of questions of tax rates. Those tax rates may be distorted sometimes by currency 
movements in Brazil. That should not influence dividend. I would predict that we will stay in that kind of 
percentage. Of course, if you have such a share price explosion which we had, outperforming every 
other stock in Amsterdam, if the stock price doubles the yield goes to 50%. We stay where we are, we 
expect no material change.  
 
The Chairman: Thank you Dr. Schimmelbusch. I only would like to add that AMG's strong balance 
sheet and liquidity as well as the Board’s confidence in our long-term ability to generate cash flow 
provide a solid basis to continue this new dividend policy. I would like to give the shareholders the 
opportunity to ask questions regarding AMG’s dividend policy. Are there any questions? This is not the 
case and I conclude this agenda item.  
I can inform you that according to the attendance list 14,460,653 shares are present or represented at 
this meeting, representing 50.4% of the company's issued share capital.  
 

3.a.  Adoption of the 2016 financial statements 
The Chairman: The next item of the agenda is the adoption of the 2016 Financial Statements. As 
already indicated by Mrs. Van Rooijen the full text of each proposal that is put to a vote will be 
reflected on the screen behind me at the moment such proposal is put to a vote.  
’s Financial Statements have been audited by KPMG N.V., the company’s external auditor. The 
unqualified audit opinion may be found on page 129 of the Annual Report. Mr. Van der Heijden of 
KPMG will first give a brief presentation about KMPG’s audit activities.  
 
Mr. Van der Heijden (KPMG): Thank you, Mr. Chairman, good afternoon ladies and gentlemen. 
Before I address possible questions I would like to provide you with a short overview of the audit of the 
2016 AMG Financial Statements. Our audit primarily focuses on the consolidated and company 
Financial Statements, as also highlighted in the long-form auditor’s report which can be found on page 
129 of the Annual Report.  
 
Our responsibility is to plan and perform the audit to obtain sufficient and appropriate audit evidence 
for our opinion that the Financial Statements give a true and fair view. We perform our audit with a 
high but not absolute level of assurance to conclude that the Financial Statements do not include 
material errors. With respect to the Management Board Report we examine whether the report has 
been prepared in accordance with the Dutch law and whether the specific information therein has 
been consistent with the Financial Statements and does not contain material misstatements. The long-
form audit report consists mainly of four areas in which the report is made specific for AMG.  
First, the audit approach; second, the scope of the audit; third, key audit matters; and fourth, the audit 
opinion. The overall audit approach is discussed with the management and the Audit Committee in 
advance of the start of the audit and the key audit matters and the audit opinion are discussed prior to 
finalization of the audit.  
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The first area contains the audit approach including materiality. On an annual basis during our 
planning phase we performed an extensive risk assessment and determined key audit matters. We 
evaluated AMG’s business as a whole and per segment Critical Materials and Engineering and 
determined whether any area required specific attention. We assessed how AMG’s processes, IT 
systems and internal control measures safeguard the information flow within the company and 
whether there are any specific risks associated with it. For technically complex areas we used KPMG 
specialists, among others in the areas of taxation, valuation of investments, environmental provisions, 
share-based payments, financing and impairment calculations.  
The materiality applied to the audit is both relevant to planning our audit and in valuating the effect of 
the identified misstatements, based on our professional judgement. We have set materiality for the 
Financial Statements as a whole at $2.3 million. Materiality is set at 4.4% of the consolidated profit 
before tax from continuing operations. We agreed with the Audit Committee that we would report any 
identified misstatements to them over and above $150.000. There were no unadjusted audit 
differences identified.  
 
The second area contains the scope. In our audit we insure that local KPMG offices are involved in the 
audit of foreign subsidiaries. In total 16 components in 6 countries were included in the 2016 AMG 
group audit scope; amongst them the US, the Netherlands, Germany, France, Brazil and the UK. 
These are in addition to the countries in which local statutory accountants are also audited. The local 
KPMG auditors operate under a detailed auditing procedure from the group. On a rotational basis we 
performed site visits to the larger components at specific locations. The group audit team visited all 
locations except for France in the first year audit and performed the audit of these operations. In 
addition the group audit team performed audit procedures of the most significant areas of the Financial 
Statements: AI, income tax, valuation of goodwill, environmental provisions, valuation of investments, 
share-based payments and the refinancing. The mentioned procedures performed resulted in 
coverage of 97% of revenues and 95% of total assets, through the total full scope audits through full 
scope audits, audit of account balances, and specified audit procedures; a very high percentage.  
 
The third area is the key audit matters. Key audit matters are those matters that, in our professional 
judgment, were of most significance to the audit. These matters could for instance relate to perceived 
increased risk of error or significant areas of judgement or estimate. We have communicated the key 
audit matters to the management and to the Audit Committee. In the current we determined the 
following key audit matters: revenue recognition of project sales, sales of goods and non-standard 
sales agreements, valuation of investments and valuation of deferred tax assets. For a description of 
these key audit matters including our responses, observations and conclusions I refer to the external 
audit report in the back of the Annual Report (page 129 and further). And finally that leads to the 
opinion; we issued as mentioned by the Chairman as an unqualified audit opinion on the consolidated 
and company Financial Statements. This concludes my short presentation of the annual audit of 2016 
of AMG.  
 
The Chairman: Are there any questions on the Financial Statements? This is not the case. I would 
like to put the proposal to a vote and give the floor to Mrs. Van Rooijen for instructions on the 
electronic voting.  
 
Mrs. Van Rooijen: Thank you Mr. Chairman. May I ask you to insert your smartcard into the keypad 
with the chip facing them? Your name will appear on the display. If this is not the case, please raise 
your hand. No problems? So once the resolution has opened you have the following options: Press “1” 
to vote in favour of the proposal, press “2” against the proposal and press “3” to withhold/abstain from 
the proposal. 
 
The Chairman: I request now Mrs. Van Rooijen to activate the voting system. The keypad will now 
display the voting options. To cast your vote, press the appropriate button on your keypad. Press “1” 
to vote in favour of the proposal, press “2” against the proposal and press “3” to withhold/abstain from 
the proposal. 
 
I now declare the resolution opened. Please cast your voting by pressing the button of your choice. 
You have 5 seconds remaining to cast your vote. 
Ladies and gentlemen the vote on the adoption of the 2016 financial statements is closed.  
So the total number of votes received is 14,254,794. Against 24,306, abstained 181,551. I can confirm 
that the majority of the vote has been cast in favour of the proposal and the proposal is adopted.  
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3.b.  Proposal to resolve upon (final) dividend distribution 

The Chairman: The next item on the agenda is the proposal to the final dividend distribution which 
proposal is also shown on the screen behind me. In line with the revised dividend policy as discussed 
earlier, the Management Board proposes a final dividend of € 0.27 per ordinary share. This proposal 
has been approved by the Supervisory Board. On August 16, 2016, the interim distribution of € 0.13 
per ordinary share was effected; this will be deducted from the total dividend distribution, making the 
final dividend € 0.14 per ordinary share. The final dividend of € 0.14 per ordinary share will be made 
payable on May 16, 2017, to shareholders of record on May 9, 2017. The ex-dividend date will be May 
8, 2017.  
 
Are there any questions? This is not the case. I would like to put the proposal to a vote.  
I request the voting system to be activated. I declare the resolution opened. Please cast your vote by 
pressing the button of your choice. You have 5 seconds remaining to cast your vote.  
Ladies and gentleman, the vote on the final dividend distribution is closed.  
 
The total number of votes received is 14,460,645. Against are 3 votes, abstaining are 2 votes.  
I can confirm that the majority of the votes have been cast in favour of the proposal and that the 
proposal is adopted. 
 

4. Discharge of liability of the members of the Management Board for the 2016 financial year 
The Chairman: The next item on the agenda is the discharge from liability of the members of the 
Management Board in office in 2016 for the 2016 financial year. Are there any questions regarding this 
proposal? Since there are no questions, I put the proposal to a vote.  
I request the voting system to be activated. I declare the resolution opened, please cast your vote, by 
pressing the button of your choice.  
You have 5 seconds remaining to cast your vote.  
Ladies and gentleman, the voting period is now closed.  
 
The total number of votes received is 14,267,544. Against are 11,563 votes, abstaining are 181,554 
votes.  
 
I can confirm that the majority of the votes have been cast in favour of the proposal and that the 
proposal is adopted. 
 

5. Discharge of liability of the members of the Supervisory Board for the 2016 financial year 
The Chairman: The next item on the agenda is the discharge from liability of the members of the 
Supervisory Board in office in 2016 for the 2016 financial year. Are there any questions regarding this 
proposal? Since there are no questions, I put the proposal to a vote.  
 
I request the voting system to be activated and I declare the resolution opened. Please cast your vote, 
by pressing the button of your choice.  
 
You have 5 seconds remaining to cast your vote.  
 
Ladies and gentleman, the voting period is now closed.  
 
The total number of votes received is 11,219,365. Against are 11,563 votes, abstaining are 3,229,722 
votes.  
 

 I can confirm that the majority of the votes have been cast in favour of the proposal and that the 
 proposal is adopted. 

 
6. Composition of the Management Board 

The Chairman: The next item on the agenda is the composition of the Management Board. We will 
now proceed with the proposal to reappoint Mr. Eric Jackson as Chief Operating Officer and member 
of the Management Board. The current term of Mr. Jackson who serves as COO and member of 
Management Board ends in 2017. In accordance with the Articles of Association of the Company, the 
Supervisory Board has made a binding recommendation to reappoint Mr. Jackson as member of the 
Management Board. It is the intention of the Supervisory Board to reappoint Mr. Jackson in his role as 
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Chief Operating Officer after today’s meeting. The Supervisory Board proposes to re-appoint Mr. 
Jackson in view of his excellent performance as Chief Operating Officer and his significant contribution 
to the Management Board’s focus on operational excellence, debt reduction and working capital 
management besides his international and managerial and industry experience. Mr. Jackson has 
performed and continues to perform very well in his role as Chief Operating Officer particularly by 
streamlining the organization into an effective and cost-efficient operation. The details of Mr. Jackson 
can be found in the explanatory notes to the agenda for this meeting and on AMG’s website.  
 
Are there any questions regarding this proposal? This is not the case. I hereby put the proposal to a 
vote.  
 
I request the voting system to be activated and I declare the resolution opened. Please cast your vote, 
by pressing the button of your choice.  
 
You have 5 seconds remaining to cast your vote.  
 
Ladies and gentleman, the voting period is now closed.  
 
The number of votes for the proposal is 14,460,664. Against are 3 votes, withheld 0 votes.  
I can confirm that the majority of the votes have been cast in favour of the proposal and that the 
proposal is adopted. Thank you very much Eric, and congratulations.  
 

7. Composition of the Supervisory Board 
The Chairman: The next item on the agenda is the composition of the Supervisory Board. The 
Selection and Appointment Committee of the Supervisory Board consisting of Mrs. Ceccarelli and 
myself has been active during the past months to complete its review of the composition of the Board 
as the terms of Mr. Messman, Mr. Hoyos and Mr. Depp will end after this Annual General Meeting.  
 
The Supervisory Board has reviewed its profile in 2016 and has agreed on an updated version thereof, 
published on AMG’s website. Of the current board members whose term is ending at this Annual 
Meeting, Mr. Hoyos has indicated that he is not prepared to be nominated for another term. The 
Supervisory Board regrets but accepts that decision and wishes him all the best in his future 
endeavours and thanks him for his eight years of dedication and services as member of Supervisory 
Board and Chair of the Audit Committee during the past four years.  
 
Also Mr. Petteri Soininen has requested to step down after having served on the Supervisory Board 
since 2015. Mr. Soininen joined the Supervisory Board in 2015 as non-independent nominee of AMG’s 
largest shareholder RWC European Focus Master Inc. (RWC) after RWC had entered into a 
Relationship Agreement with AMG. The Relationship Agreement comes to an end after this General 
Meeting of Shareholders and Mr. Soininen wishes to retire as a member of the Supervisory Board on 
that date. The Supervisory Board wishes to thank Mr. Soininen for his dedication and service and 
wishes him well in his future endeavors.  
 
Mr. Jack Messman, Chair of the Remuneration Committee and Board member since 2007 has 
indicated that he is prepared to be reappointed to the Supervisory Board for a term of two years, which 
will be his final term.  
 
Also Mr. Depp, who has served on the Board since 2014 and is a member of the Remuneration 
Committee, has indicated that he is prepared to be reappointed to the Supervisory Board, in his case 
for a term of four years. 
 
Taking into account the aforementioned considerations at the revised profile of the Supervisory Board, 
the Board has approved in its meeting of March 17, 2017, the proposed nominations by the Selection 
and Appointment Committee and is honored to present two excellent candidates to fill the vacancies 
created by Mr. Hoyos and Mr. Soininen, who are Mrs. Suzanne Rich Folsom and Mr. Willem van 
Hassel as new independent members of the Supervisory Board.  
 
a. Mr. Jack Messman 
The Supervisory Board proposes to reappoint Mr. Jack Messman as independent member of the 
Supervisory Board for a term of two years until the Annual General Meeting in 2019. The Supervisory 
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Board proposes to re-appoint Mr. Messman in view of his technical and natural resources background, 
his vast international and management experience and the way he has fulfilled and fulfils his role as 
member of the Supervisory Board and as Chair of the Remuneration Committee since 2013. The 
Supervisory Board believes it is critical that Mr. Messman continues as Chair of the Remuneration 
Committee for another period of two years in order to lead the remuneration review process in view of 
the recently adopted new Dutch Corporate Governance Code.  
 
b. Mr. Herb D. Depp  
The Supervisory Board proposes to reappoint Mr. Herb Depp as independent member of the 
Supervisory Board for the maximum term of four years until the Annual General Meeting in 2021. The 
Supervisory Board proposes to re-appoint Mr. Depp in view of his excellent contribution as 
Supervisory Board member and as member of the Remuneration Committee, his technical and 
engineering background, his international and management experience and his extensive experience 
in the aerospace industry, as we heard one of the major end markets AMG is serving.  
 
c. Mrs. S. Rich Folsom 
The Supervisory Board proposes to appoint Mrs. S. Rich Folsom as independent member of the 
Supervisory Board for the maximum term of four years until the Annual General Meeting in 2021. The 
Supervisory Board proposes to appoint Mrs. Folsom in view of her knowledge and experience in the 
US steel industry which is highly relevant for AMG’s critical materials businesses. Furthermore, Mrs. 
Folsom is being nominated in view of her extensive legal and compliance experience and background 
and her vast experience in the international business community and international public policy arena. 
The details of Mrs. Folsom can be found in the explanatory notes to the agenda for this meeting and 
on AMG’s website. Upon her appointment Mrs. Folsom will also be appointed as member of the 
Remuneration Committee.  
 
d. Mr. Willem van Hassel 
The Supervisory Board further proposes to appoint Mr. Willem van Hassel as independent member of 
the Supervisory Board for the maximum term of four years until the Annual General Meeting in 2021. 
The Supervisory Board proposes to appoint Mr. van Hassel in view of his broad knowledge and 
experience as Dutch legal and corporate governance expert and his extensive experience as 
supervisory board member and as administrator and leader in various capacities in the Dutch legal 
and judicial environment. The details of Mr. Van Hassel can be found in the explanatory notes to the 
agenda for this meeting and on AMG’s website. Once appointed, Mr. Van Hassel will be appointed as 
member of the Selection and Appointment Committee.  
 
Having said this I now wish to proceed with the voting regarding the proposed appointments. Are there 
questions regarding these proposals?  
 
Mr. Ritskes (VEB): At the Annual General Meeting of 2014 it was said that the number of member of 
the Supervisory Board should be diminished. Now we are still at nine members. What is your opinion 
about that?  
 
The Chairman: We have not had any idea to change, because with the different skill sets the people 
in the Supervisory Board have, we are very happy; because we have people from all kinds of 
industries, as well as people with a financial and legal background. So we are happy with the 
composition of the Supervisory Board.  
 
Mr. Ritskes (VEB): But did I misunderstand at the time Mr. Soininen came in, one of his complaints 
was the number of members of the Supervisory Board? Or is that still confidential?  
 
The Chairman: Well, that was Mr. Soininen’s complaint.  
 
Mr. Ritskes (VEB): At that time, one of the complaints of RWC was that the number of people in the 
Supervisory Board was too high.  
 
The Chairman: This was not the view of the Supervisory Board.  
 
Mr. Ritskes (VEB): Okay, thank you. 
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The Chairman: Since there are no further questions I hereby put the proposals to a vote, starting with 
the proposal to reappoint Mr. Messman as member of the Supervisory Board.  
 
Voting Mr. Jack Messman 
I request the voting system to be activated. I declare the resolution opened. Please cast your vote by 
pressing the button of your choice.  
You have 5 seconds remaining to cast your vote.  
Ladies and gentleman, the voting period is now closed.  
The total number of votes for the proposal is 11,368,575. Against are 3,074,070 votes, withheld is 1 
vote.  
 
I can confirm that the majority of the votes have been cast in favour of the proposal and that the 
proposal is adopted.  
 
Voting Mr. Herb Debb 
I would like to proceed with the proposal of the reappointment of Mr. Depp, as also shown behind me.  
I request the voting system to be activated. I declare the resolution opened. Please cast your vote by 
pressing the button of your choice.  
You have 5 seconds remaining to cast your vote.  
Ladies and gentleman, the voting period is now closed.  
The number of votes for the proposal is 11,368,575. Against are 3,074,068 votes, withheld are 6 
votes.  
 
I can confirm that the majority of the votes have been cast in favour of the proposal and that the 
proposal is adopted. I congratulate Mr. Depp with his appointment.  
 
Voting Mrs. Suzanne Folsom 
I would like to proceed with the proposal of the appointment of Mrs. Folsom, as also shown behind 
me.  
I request the voting system to be activated. I declare the resolution opened. Please cast your vote by 
pressing the button of your choice.  
You have 5 seconds remaining to cast your vote.  
Ladies and gentleman, the voting period is now closed.  
The number of votes for the proposal is 14,451,629. Against are 9,014 votes, withheld are 5 votes.  
 
I can confirm that the majority of the votes have been cast in favour of the proposal and that the 
proposal is adopted. I congratulate Mrs. Folsom with her appointment.  
 
Voting Mr. Willem van Hassel 
I would like to proceed with the proposal to appoint Mr. Willem van Hassel, also shown behind me.  
I request the voting system to be activated. I declare the resolution opened. Please cast your vote by 
pressing the button of your choice.  
You have 5 seconds remaining to cast your vote.  
Ladies and gentleman, the voting period is now closed.  
The number of votes for the proposal is 11,381,675. Against are 3,078,968 votes, abstaining are 5 
votes.  
 
I can confirm that the majority of the votes have been cast in favour of the proposal and I hereby 
confirm that the proposal is adopted. I congratulate Mr. Van Hassel with his appointment.  
 

8. Renewal of the authorisation to (i) issue shares and/or grant options to acquire shares and (ii) 
to restrict or exclude the pre-emptive rights for general corporate purposes  
The Chairman: The full text of the proposal is shown on the screen behind me. The authorisation 
provides flexibility in financing the Company, enables the issue of ordinary share/grant of rights to 
subscribe for ordinary shares in respect of share based compensation plans for employees.  
Are there any questions regarding this proposal? This is not the case. I hereby put the proposals to a 
vote. 
 
First, I would like to put the proposal to issue share and/or grant options to acquire shares to a vote.  
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I request the voting system to be activated. I declare the resolution opened. Please cast your vote by 
pressing the button of your choice.  
You have 5 seconds remaining to cast your vote.  
Ladies and gentleman, the voting period is now closed.  
 
The number of votes for the proposal is 14,450,618. Against are 10,026 votes, abstaining are 2 votes.  
 
I can confirm that the majority of the votes have been cast in favour of the proposal and I hereby 
confirm that the proposal is adopted. 
 
Secondly, I would like to put the proposal to restrict or exclude the pre-emptive rights to a vote, as 
shown on the screen.  
I request the voting system to be activated. I declare the resolution opened. Please cast your vote by 
pressing the button of your choice.  
You have 5 seconds remaining to cast your vote.  
Ladies and gentleman, the voting period is now closed. 
 
The number of votes for the proposal is 10,696,787. Against are 3,790,806 votes, abstaining are 53 
votes.  
 
I can confirm that the majority of the votes have been cast in favour of the proposal and I hereby 
confirm that the proposal is adopted.  
 

9. Renewal of the authorisation to (i) issue shares and/or grant options to acquire shares and (ii) 
to restrict or exclude the pre-emptive rights for the purpose of mergers, acquisitions, strategic 
alliances and financial support arrangements relating to the Company and/or participations 
(deelnemingen) of the Company 
The Chairman: The next item on the agenda is the proposal to renew the authorisation to (i) issue 
shares and/or grant options to acquire shares and (ii) to restrict or exclude the pre-emptive rights for 
the purpose of mergers, acquisitions, strategic alliances and financial support arrangements relating to 
the Company and/or participations of the Company.  
An additional matter under this item is the renewal of the authorisation to restrict or exclude the pre-
emptive right in relation to such issue. The renewal of the authorisation provides the Management 
Board with flexibility in the context of mergers, acquisitions, strategic alliances, and financial support 
arrangements and/or participations.  
The full text of the proposal is shown on the screen behind me. Are there any questions regarding this 
proposal? Since there are no questions I hereby put the proposals to a vote.  
 
First, I would like to put the proposal to issue shares and to grant options to acquire share to a vote as 
shown on the screen.  
 
I request the voting system to be activated. I declare the resolution opened. Please cast your vote by 
pressing the button of your choice.  
You have 5 seconds remaining to cast your vote.  
Ladies and gentleman, the voting period is now closed. 
 
The number of votes for the proposal is 12,302,961. Against are 2,157,480 votes, abstaining are 205 
votes.  
 
I can confirm that the majority of the votes have been cast in favour of the proposal and I hereby 
confirm that the proposal is adopted.  
 
Secondly, I would like to put the proposal to restrict or exclude the pre-emptive rights to a vote, as 
shown on the screen.  
 
I request the voting system to be activated. I declare the resolution opened. Please cast your vote by 
pressing the button of your choice.  
You have 5 seconds remaining to cast your vote.  
Ladies and gentleman, the voting period is now closed. 
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The number of votes for the proposal is 8,516,606. Against are 5,918,633 votes, abstaining are 25,407 
votes.  
 
I can confirm that the majority of the votes have been cast in favour of the proposal and I hereby 
confirm that the proposal is adopted.  
 

10. Renewal of the authorisation to acquire shares 
The Chairman: The next item on the agenda is the renewal of the authorisation to acquire shares in 
the Company’s share capital. The full text of the proposal is shown on the screen behind me.  
The authorisation provides the Management Board with the flexibility necessary to manage net equity 
or to enter into financial support arrangements involving the Company and to respond to any demand 
for shares in the Company’s share capital that may arise at any time. This authorisation may, for 
example, be used if shares need to be acquired to hedge the Company’s share and option schemes.  
Are there any questions regarding this proposal? Since there are no questions, I hereby put the 
proposal to a vote.  
 
I request the voting system to be activated. I declare the resolution opened. Please cast your vote by 
pressing the button of your choice.  
You have 5 seconds remaining to cast your vote.  
Ladies and gentleman, the voting period is now closed. 
 
The number of votes for the proposal is 14,328,772. Against are 92,478 votes, abstaining are 39,379 
votes.  
I can confirm that the majority of the votes have been cast in favour of the proposal and I hereby 
confirm that the proposal is adopted.  
 

11. Any other business 
The Chairman: We have come to the penultimate agenda item where I would like to give the 
opportunity to the shareholders to ask questions with respect to items that have not previously been 
discussed.  
Are there any questions? This is not the case, and I proceed now with the closing.  
 

12. Closing 
Before I close this meeting I would like to thank all employees and staff of the AMG Group on behalf of 
the Management Board and Supervisory Board for the outstanding performance during 2016. I also 
wish to thank all of you on behalf of the Management Board and the Supervisory Board. I also wish to 
thank all of you for your attendance and your contribution to the discussions at this meeting. Thank 
you very much. 
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the costs of construction, acquisition, and installation of an approximately 289,000 square foot facility consisting of shipping facilities, storage 
facilities for the spent refinery catalyst, a roaster, a melt shop, laboratory and testing facilities as well as administrative offices (the “Facility”) 
to be located near Zanesville, Ohio (the “Project”), (b) paying certain capitalized interest on the Bonds and (c) paying certain costs of issuing 
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of the Guarantor.  

The Bonds will bear interest payable each January 1 and July 1, commencing January 1, 2020, at the rates and will mature on the date 
specified on the inside cover of this Official Statement.  The Bonds will be issued as fully registered bonds and initially will be registered in the 
name of Cede & Co., as nominee for The Depository Trust Company, New York, New York (“DTC”).  DTC will act as a securities depository for 
the Bonds.  Purchases of beneficial interests in the Bonds initially will be made in book-entry-only form (without certificates) in denominations 
of $100,000 and any integral multiple of $5,000 in excess thereof, and under certain circumstances are exchangeable as more fully described 
herein.  Principal and premium, if any, will be payable at a corporate trust office of the Trustee.  So long as DTC or its nominee, Cede & Co., 
is the registered owner of the Bonds, payments of the principal of, premium, if any, and interest on the Bonds will be made directly to Cede & 
Co.  See “THE BONDS-Book-Entry-Only System.”

The Bonds are subject to optional redemption, extraordinary redemption and excess proceeds redemption, all as described herein.

Prospective purchasers of the Bonds should be aware of certain investment considerations and risk factors in evaluating 
an investment in the Bonds.  PURCHASE OF THE BONDS INVOLVES A SIGNIFICANT DEGREE OF INVESTMENT RISK.  See 
“CERTAIN INVESTMENT CONSIDERATIONS AND RISK FACTORS.”  
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NOTICE TO INVESTORS 

No dealer, broker, salesperson or other person has been authorized by the Company, the Guarantor or the 
Underwriters to give any information or to make any representations with respect to this offering, other than as 
contained in this Official Statement in connection with the offering of the Bonds and, if given or made, such other 
information or representations must not be relied upon as having been authorized by the Company, the Guarantor or 
the Underwriters.  This Official Statement does not constitute an offer to sell or the solicitation of an offer to buy, nor 
shall there be any sale of the Bonds by any person in any jurisdiction in which it is unlawful for such person to make 
such offer, solicitation or sale.  The information and expressions of opinion contained herein are subject to change 
without notice and neither the delivery of this Official Statement nor any sale made hereunder shall, under any 
circumstances, create any implication that there has been no change in such information since the date thereof. 

This Official Statement contains statements which, to the extent they are not recitations of historical fact, 
constitute “forward-looking statements”.  In this respect, the words “estimate,” “project,” “anticipate,” “expect,” 
“intend,” “believe” and similar expressions are intended to identify forward-looking statements.  A number of important 
factors affecting the Company’s financial results could cause actual results to differ materially from those stated in the 
forward-looking statements. 

The Underwriters have provided the following sentence for inclusion in this Official Statement.  The 
Underwriters have reviewed the information in this Official Statement in accordance with, and as part of its 
responsibilities to investors under the federal securities laws as applied to the facts and circumstances of this transaction, 
but the Underwriters do not guarantee the accuracy or completeness of such information. 

IN CONNECTION WITH THIS OFFERING, THE UNDERWRITERS MAY OVER ALLOT OR EFFECT 
TRANSACTIONS WHICH STABILIZE OR MAINTAIN THE MARKET PRICE OF THE BONDS AT A LEVEL 
ABOVE THAT WHICH MIGHT OTHERWISE PREVAIL IN THE OPEN MARKET.  SUCH STABILIZING, IF 
COMMENCED, MAY BE DISCONTINUED AT ANY TIME. 

THE BONDS HAVE NOT BEEN REGISTERED WITH THE SECURITIES AND EXCHANGE 
COMMISSION UNDER THE SECURITIES ACT, IN RELIANCE UPON EXCEPTIONS CONTAINED IN THE 
SECURITIES ACT.  THESE SECURITIES HAVE NOT BEEN RECOMMENDED BY ANY FEDERAL OR STATE 
SECURITIES COMMISSION OR REGULATORY AUTHORITY.  FURTHERMORE, THE FOREGOING 
AUTHORITIES HAVE NOT CONFIRMED THE ACCURACY OR DETERMINED THE ADEQUACY OF THIS 
DOCUMENT.  ANY REPRESENTATION TO THE CONTRARY IS A CRIMINAL OFFENSE. 

THIS OFFICIAL STATEMENT IS BEING PROVIDED ONLY TO PROSPECTIVE PURCHASERS THAT 
ARE REASONABLY BELIEVED TO BE “QUALIFIED INSTITUTIONAL BUYERS” WITHIN THE MEANING 
OF RULE 144A UNDER THE SECURITIES ACT.  INVESTORS SHOULD BE AWARE THAT THEY MAY BE 
REQUIRED TO BEAR THE FINANCIAL RISKS OF THIS INVESTMENT FOR AN INDEFINITE PERIOD OF 
TIME.  PURCHASERS OF THE BONDS WILL BE REQUIRED TO DELIVER AN INVESTOR LETTER IN THE 
APPLICABLE FORM ATTACHED HERETO AS APPENDIX F, IN CONNECTION WITH SUCH PURCHASE 
PROVIDING REPRESENTATIONS AND ASSURANCES TO THE ISSUER, THE COMPANY AND THE 
UNDERWRITERS REGARDING, AMONG OTHER MATTERS, THE PURCHASER’S KNOWLEDGE AND 
SOPHISTICATION IN THE EVALUATION AND PURCHASE OF SECURITIES SUCH AS THE BONDS AND 
ITS STATUS AS A QUALIFIED INSTITUTIONAL BUYER.  THE TRANSFER OF THE BONDS IS RESTRICTED 
PURSUANT TO THE TERMS OF THE INDENTURE TO ENTITIES THAT ARE QUALIFIED INSTITUTIONAL 
BUYERS. 

THE BONDS HAVE NOT BEEN AND WILL NOT BE REGISTERED UNDER THE SECURITIES ACT, 
IN RELIANCE UPON THE EXEMPTION PROVIDED BY SECTION 3(A)(2) OF THE SECURITIES ACT.  EACH 
PURCHASER, BY ITS ACCEPTANCE OF A BOND IS DEEMED TO HAVE REPRESENTED THAT SUCH 
PURCHASER IS A QUALIFIED INSTITUTIONAL BUYER.   

Except for information in the sections hereof captioned “THE ISSUER” and “LITIGATION – The Issuer,” 
none of the information in this Official Statement has been supplied or verified by the Issuer, and the Issuer makes no 
representation or warranty, express or implied, as to the accuracy or completeness of such information. 
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OFFICIAL STATEMENT 

$307,200,000 
OHIO AIR QUALITY DEVELOPMENT AUTHORITY 

STATE OF OHIO 
EXEMPT FACILITIES REVENUE BONDS 

(AMG VANADIUM PROJECT) SERIES 2019 

INTRODUCTORY STATEMENT 

This Official Statement is provided to furnish information in connection with the sale by the Ohio 
Air Quality Development Authority (the “Issuer”) of $307,200,000 State of Ohio Exempt Facilities 
Revenue Bonds (AMG Vanadium Project), Series 2019 (the “Bonds”).  The Bonds will be issued pursuant 
to Chapter 3706 of the Ohio Revised Code, as amended (the “Act”), a resolution of the Issuer adopted on 
June 14, 2019 and an Indenture of Trust, dated as of July 1, 2019 (the “Indenture”), between the Issuer and 
Citibank, N.A., as trustee (the “Trustee”).  Citibank, N.A. has also been appointed Registrar and Paying 
Agent under the Indenture.  Capitalized terms used in this Official Statement and not otherwise defined 
have the meanings specified in Appendix A attached hereto.   

The proceeds of the Bonds, together with other funds of AMG Vanadium LLC (the “Company”), 
will be used for the purpose of (i) financing a portion of the costs of construction, acquisition, and 
installation of an approximately 289,000 square foot facility consisting of shipping facilities, storage 
facilities for the spent refinery catalyst, a roaster, a melt shop, laboratory and testing facilities as well as 
administrative offices (the “Facility”) to be owned by the Company and located near Zanesville, Ohio (the 
“Project”); (ii) paying certain capitalized interest on the Bonds; and (iii) paying certain costs of issuing the 
Bonds.  See “THE PROJECT.” 

The Facility will be owned, constructed and operated by the Company, which owns and operates 
an existing similar operation in Cambridge, Ohio.  See “THE COMPANY.”  The Issuer will lend the 
proceeds of the Bonds to the Company pursuant to a Loan Agreement, dated as of July 1, 2019 (the “Loan 
Agreement”), between the Issuer and the Company.  The Company will deliver to the Issuer a promissory 
note (the “Note”) which evidences the obligation of the Company to repay amounts loaned by the Issuer to 
the Company under the Loan Agreement equal to the principal of, premium, if any, and interest on the 
Bonds.  The Note will be assigned by the Issuer to the Trustee as security for the Bonds.  See “THE LOAN 
AGREEMENT AND THE NOTE.” 

The Company is a wholly owned subsidiary of AMG Advanced Metallurgical Group N.V. (the 
“Guarantor”).  See “THE GUARANTOR” and Appendix B.  Pursuant to the Guaranty Agreement, dated 
as of July 1, 2019 (the “Guaranty”), the Guarantor will guarantee the prompt payment when due of the 
principal of, premium, if any, and interest on the Bonds.  See “SECURITY AND SOURCES OF 
PAYMENT FOR THE BONDS – Guaranty” and “THE GUARANTY.”   

In accordance with the terms and conditions of the Indenture, additional series of bonds 
(“Additional Bonds”) may be issued from time to time, secured on a parity with the Bonds by the Indenture. 
In addition, under the terms of the Loan Agreement, subject to satisfaction of certain tests, the Company 
may incur certain Indebtedness from time to time, which also may be secured by the Indenture on a parity 
with the Bonds.  See “THE INDENTURE – Additional Bonds.” The Bonds and any Additional Bonds 
issued under the Indenture are sometimes referred to herein collectively as the “Bonds.” 

Prospective purchasers of the Bonds should be aware of certain investment considerations and risk 
factors in evaluating an investment in the Bonds.  PURCHASE OF THE BONDS INVOLVES A 



 

DMEAST #37438745 v11    2 

SIGNIFICANT DEGREE OF INVESTMENT RISK.  SEE “CERTAIN INVESTMENT 
CONSIDERATIONS AND RISK FACTORS.” 

THE BONDS WILL BE SPECIAL OBLIGATIONS OF THE STATE OF OHIO ISSUED BY 
THE ISSUER, AND WILL NOT CONSTITUTE A DEBT OR A PLEDGE OF THE FAITH AND 
CREDIT OR TAXING POWER OF THE ISSUER OR THE STATE OF OHIO OR OF ANY POLITICAL 
SUBDIVISION THEREOF, AND THE HOLDERS OR OWNERS OF THE BONDS WILL HAVE NO 
RIGHT TO HAVE TAXES LEVIED BY THE GENERAL ASSEMBLY OF THE STATE OF OHIO OR 
ANY POLITICAL SUBDIVISION OF THE STATE OF OHIO FOR THE PAYMENT OF PRINCIPAL 
OF OR INTEREST ON THE BONDS.  THE BONDS WILL BE PAYABLE SOLELY FROM THE 
TRUST ESTATE PLEDGED THERETO UNDER THE INDENTURE, INCLUDING PAYMENTS TO 
BE MADE UNDER THE LOAN AGREEMENT AND THE NOTE, AND WILL BE FURTHER 
SECURED BY THE GUARANTY TO THE EXTENT DESCRIBED HEREIN. 

Brief descriptions of the Issuer, the Company, the Guarantor, the Project, the Bonds, the Indenture, 
the Loan Agreement and the Guaranty, and certain other documents and agreements related to the Project, 
are included in this Official Statement.  Those descriptions and summaries do not purport to be 
comprehensive or definitive.  Certain information relating to The Depository Trust Company (“DTC”) and 
the book-entry-only system has been furnished by DTC.  Appendix A contains certain definitions.  Certain 
information with respect to the Guarantor, is included as Appendix B hereto.  Annual reports of the 
Guarantor (which include audited financial statements of the Guarantor) are included as Appendix C hereto.  
Appendix D contains the proposed form of the opinion of Frost Brown Todd LLC, Bond Counsel, to be 
delivered in connection with the issuance and delivery of the Bonds.  Appendix E contains the form of the 
Continuing Disclosure Agreement.  The descriptions of the Bonds and other related documents (the 
Indenture, the Guaranty and the Loan Agreement are hereafter referred to as the “Bond Documents”) are 
qualified in their entirety by reference to them.  Copies of such documents may be obtained from the 
Company’s offices at 60790 Southgate Road Cambridge, Ohio 43725 and, during the initial public offering 
period, at the principal office of Citigroup Global Markets Inc., at 388 Greenwich Street, Trading – 6th 
Floor, New York, New York 10013, and, after initial delivery of the Bonds, at a corporate trust office of 
the Trustee at Citibank, N.A., 388 Greenwich Street, 6th Floor, New York, New York 10013. 

THE ISSUER 

The Issuer was organized pursuant to the Act.  Under the Act, the Issuer is a body corporate and 
politic, with full power and authority to issue the Bonds and to enter into and perform its obligations under 
the Indenture and the Loan Agreement.  The Issuer has no taxing power. 

The Bonds will be special obligations of the State issued by the Issuer and will not constitute 
a debt or a pledge of the faith and credit or taxing power of the Issuer or the State or of any political 
subdivision thereof, and the holders or owners of the Bonds will have no right to have taxes levied by 
the General Assembly of the State or any political subdivision of the State for the payment of 
principal of or interest on the Bonds, but the Bonds shall be payable solely from the revenues and 
funds pledged for their payment as authorized by the Act. 

Except for information in the sections hereof captioned “THE ISSUER” and “LITIGATION—The 
Issuer,” none of the information in this Official Statement has been supplied or verified by the Issuer, and 
the Issuer makes no representation or warranty, express or implied, as to the accuracy or completeness of 
such information. 
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THE COMPANY 

Company Overview 

The Company provides environmental management services to the North American petroleum 
industry and supplies ferrovanadium and ferronickel-molybdenum products to the North American steel 
market.  Vanadium is primarily used in high strength low alloy steel (“HSLA”), which is used for 
infrastructure end-uses such as rebar and I-beams.  The Company’s vanadium production capacity is 6 
million pounds per annum and is located in Cambridge, Ohio at the Company’s “Cambridge I” plant. 

The Company’s spent catalyst recycling service processes spent oil refinery catalysts into 
commercial products, eliminates the refiners’ environmental and legal responsibilities, and produces 
ferroalloys used in steel making. 99.5% of the material delivered to the Cambridge I plant is recycled and 
sold as finished goods.  This proprietary process allows the Company to be one of the lowest-cost 
ferrovanadium producers in the world.  Additionally, the Company estimates that the CO2 emissions 
associated with recycling vanadium using the Company’s proprietary process is 80% less than from primary 
mining routes.  Although stripping vanadium from spent catalysts is not the only method of producing 
vanadium, it is cost efficient and environmentally friendly due to the energy savings and negligible waste 
product. 

The Company is the largest domestic producer of ferrovanadium, supplying 6 million pounds of 
the 15 million pounds required by the North American steel industry.  Other competitors include Glencore 
and Evraz, which import vanadium ore and convert it to ferrovanadium. 

Vanadium Market Dynamics 

From a demand perspective, steel production accounted for 88% of vanadium consumption in 2018 
and the use of vanadium in steel continues to rise with the increase in high strength steel demand driven 
mainly by the modernization of developing countries. Other drivers of vanadium demand include stricter 
steel rebar standards in China as of late 2018, which will necessitate the use of approximately 20,000 MT 
of incremental vanadium in 2021 vs. 2018.  Other demand drivers include industrial applications, including 
in chemicals and master alloys for specialty and aerospace applications, and the growth of the vanadium 
redox flow battery market.  These batteries are primarily used in utility scale energy storage as they are 
scalable, nonflammable, reusable over semi-infinite cycles, discharge 100% of the stored energy and do not 
degrade over time. 

THE PROJECT 

The Project will approximately double the Company’s capacity to process spent residual catalyst 
and produce ferrovanadium and other products.  The Project, called “Cambridge II,” uses identical 
processes and technology as Cambridge I.  The Project will add a roasting and smelting facility, and at full 
capacity, will process approximately 34,000 tons of spent catalyst per year.  The Project is located in 
Zanesville, Ohio, approximately 20 miles from Cambridge I.  Initial engineering, construction and other 
capital costs are estimated at approximately $300 million.  The roasting facility is expected to be operational 
by Q4 2020 and the smelting facility is projected to begin operations by Q2 2021. The close proximity of 
the Cambridge II facility to the Cambridge I plant will allow flexibility for the Company in determining 
how to manage the overall operation of Cambridge II. 
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THE GUARANTOR 

Overview 

The Guarantor is a leading global diversified critical materials company that sources, processes, 
and supplies specialty metals and mineral products (AMG Critical Materials), and provides vacuum furnace 
systems, heat treatment services, and titanium alloys and coatings (AMG Technologies) to the 
transportation, infrastructure, energy, and specialty metals and chemicals end-markets. The Guarantor is 
headquartered in Amsterdam, Netherlands, where its stock is also publicly listed as AMS:AMG, and has 
3,300 employees worldwide.  The Guarantor’s senior secured debt is rated “Ba3” by Moody’s and “BB” 
by S&P. For the fiscal year ending December 31, 2018, the Guarantor generated revenues and Adjusted 
EBITDA of $1,310.3 million and $217.1 million, respectively.  Adjusted EBITDA is defined under “– 
Historical Financial Performance” below. 

The Guarantor is favorably positioned with respect to several global mega-trends, which are driving 
demand for material science-based solutions for energy efficiency. These include CO2 emission reduction, 
population growth, increasing affluence and energy efficiency, among others. The Guarantor takes a value-
added approach by designing high purity materials and innovative new products that (i) are essential to its 
customer’s end-use performance; (ii) are lighter, stronger and resistant to higher temperatures; and (iii) 
reduce the CO2 emissions of its customers’ end-products.  

As discussed in detail in Appendix B, the Guarantor’s portfolio is broken across two major units, 
AMG Critical Materials and AMG Technologies since January 1, 2019. AMG Critical Materials is 
comprised of AMG Brazil, AMG Vanadium, AMG Silicon, AMG Superalloys, AMG Graphite, AMG 
Antimony, and AMG Aluminum while AMG Technologies includes AMG Titanium Alloys & Coatings 
and AMG Engineering. 

The majority of the Guarantor’s portfolio (~70% of gross profit) focuses on (i) value-added 
processing with strong commodity price pass-through ability (i.e. aluminum alloys, antimony, titanium 
alloys, graphite, and chrome) and (ii) vacuum furnaces which benefit from backlog visibility. The remaining 
~30% of gross profit is subject to primary metal price exposure to silicon, tantalum, lithium concentrate 
(“spodumene”) and vanadium. In each of these primary materials, the majority of capacity is sold out on a 
forward basis for 2019 and in some cases, 2020.  

Historical Financial Performance 

The Guarantor has historically demonstrated strong and stable financial performance, generating 
consistent cash flow from operating activities and significant de-leveraging despite variations in underlying 
metal prices and changing economic environments. Over the last several years, the management team has 
also exercised significant prudence in working capital management, reducing working capital days from 79 
days to 38 days.  Key drivers for stability include the benefit of a portfolio effect of nine niche and 
diversified businesses, limited primary metal price exposure, and revenue visibility, driven by forward 
contracting strategies for primary metals and a strong order backlog for the technology segment.  

The Guarantor’s annual financial performance from 2014-2018 is provided below. 
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Amounts in USD millions(1)(4) 2014(2) 2015 2016 2017 2018(4) 
Critical Materials Revenue 873 757 702 814 1,050 
Engineering Revenue 221 220 269 245 260 
Total Revenue $1,094 $977 $971 $1,060 $1,310 
Growth (%)  (10.7%) (0.6%) 9.1% 23.7% 
Critical Materials Adjusted EBITDA 83 67(2) 69(2) 100 190 
Engineering Adjusted EBITDA 3 15 27 26 27 
Total Adjusted EBITDA $86 $82(3) $96(3) $126 $217 
Adjusted EBITDA Margin (%) 7.9% 8.4% 9.9% 11.8% 16.6% 
Total Capital Expenditures $24 $23 $44 $81 $73 
% of Revenues 2.2% 2.4% 4.5% 7.6% 5.6% 
(Increase)/Decrease in working 
capital and deferred revenue 
adjustments 

$39 $22 ($8) ($21) ($73) 

Total Operating Cash Flow $95 $76 $56 $79 $97 
(1) Source: Company Filings. Note numbers may not sum due to rounding 
(2) Critical Materials reported as AMG Processing and AMG Mining in 2014 
(3) Adjusted EBITDA adjusted by reversing non-cash lower cost of market inventory adjustment of ($6.5 million) in 2015 

and $5.1 million in 2016 
(4) Effective January 1, 2019, AMG announced a re-segmentation, creating AMG Technologies. AMG Technologies is 

comprised of AMG Titanium Alloys & Coatings and AMG Engineering. FY18 audited financials and prior years were 
reported under the historical segmentation of AMG Critical Materials and AMG Engineering. 

 
Profit for the year to Adjusted EBITDA Reconciliation(1) 

Amounts in USD millions 2014 2015 2016 2017 2018 
Profit for the Year 21.6 9.9 41.6 57.5 94.8 
Income Tax Expense (1.0) 18.7 8.1 13.9 45.0 
Net Finance Cost(2) 19.0 9.9 12.4 7.8 22.9 
Equity-settled Share-based 
Payment Transactions 0.9 3.5 3.1 8.7 7.5 

Restructuring Expense 4.9 3.1 4.2 2.5 2.1 
Asset Impairment 1.9 0.0 2.0 1.2 3.3 
Environmental Provision 5.5 1.5 1.3 3.1 8.7 
Share of (Gain) or Loss of 
Associates and Joint Ventures 0.4 (0.6) (1.8) 0.0 0.0 

Others 0.0 0.0 0.0 (0.1) (0.2) 
Adjusted EBIT $53.2 $46.0 $70.8 $94.6 $184.1 
Depreciation and Amortization 32.5 29.6 29.8 30.9 33.0 
Adjusted EBITDA (as 
previously reported) $85.7 $75.6 $100.7 $125.5 $217.1 

Inventory cost adjustment 0.0 6.5 (5.1) 0.0 0.0 

Adjusted EBITDA $85.7 $82.1 $95.6 $125.5 $217.1 
(1)  Source: Company Filings. Note numbers may not sum due to rounding 
(2)  Excludes foreign exchange expense (income). 
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Appendix C contains the Guarantor’s annual reports (which contain audited annual financial 
statements) for the fiscal years ended December 31, 2016, 2017 and 2018. 

PLAN OF FINANCE 

The proceeds of the Bonds, together with other funds of the Company, are expected to be used for 
the purpose of (a) acquiring, constructing and installing the Facility, (b) paying certain capitalized interest 
on the Bonds, and (c) paying certain costs of issuing the Bonds.  See “ESTIMATED SOURCES AND 
USES OF FUNDS.” 

ESTIMATED SOURCES AND USES OF FUNDS 

The Company anticipates the following sources of funds and uses of funds for the Project:  

Sources of Funds* (in thousands) 
Principal Amount of the Bonds $307,200 
Original Issue Premium   17,796 

Total Sources of Funds $324,996 
  
Uses of Funds*  

Development, Engineering, Equipment Procurement and 
Construction Costs 

290,420 

Capitalized Interest through July 1, 2021 29,586 
Costs of Issuance**    4,990 

Total Uses of Funds $324,996 
______________  
*  Figures are rounded to the nearest thousand. 
**  Includes Issuer fees, legal fees, Underwriters’ discount and other expenses incurred in connection with 
the issuance of the Bonds. 

 
CERTAIN INVESTMENT CONSIDERATIONS AND RISK FACTORS 

Purchasers of the Bonds should consider the following discussion regarding the risks of the 
construction and operation of the Facility and risks relating to the security for the Bonds. 

Special Obligations of the Issuer; Nature of Obligation of the Company 

The Bonds are special obligations of the Issuer and do not represent or constitute a debt of the 
Issuer, the State or any other political subdivision thereof within the meaning of the provisions of the 
Constitution or statutes of the State or a pledge of the faith and credit of the Issuer, the State or any other 
political subdivision thereof or grant to the owners thereof any right to have the Issuer, the State or any 
other political subdivision thereof levy any taxes or appropriate any funds for the payment of principal of 
or premium, if any, or interest on the Bonds. 

The Bonds are unsecured obligations of the Company and the Guarantor.  There is no mortgage on 
the Facility that secures the repayment of the Bonds.  The Bonds will be payable solely from payments to 
be made by the Company under the Loan Agreement and the Note and from payments to be made by the 
Guarantor under the Guaranty. 
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Risk Factors Related to the Guarantor and the Company 

Metal Price Volatility Risk.  The Guarantor’s business is exposed to metal price volatility. The 
Guarantor is primarily a processor of metals, so risk can arise from short-term changes in price between 
purchase, process, and sale of the metals or from end-user price risk for metals when raw materials are 
purchased under fixed-price contracts. The Guarantor hedges exchange-traded metals when possible. In its 
aluminum business, the Guarantor also sells conversion services with no metal-price risk. Most metals, 
alloys and chemicals that the Guarantor processes and sells, such as vanadium, chrome metal, tantalum, 
graphite, niobium, and antimony trioxide, cannot be hedged on an exchange. In addition, due to rising 
vanadium prices in 2018, and the related increased inventory balances as of year-end, the Guarantor has a 
higher exposure to lower of cost or market (“LCM”) adjustments associated with potential price declines.  
The Project will increase the Guarantor’s exposure to vanadium price fluctuations as vanadium will be a 
larger share of the Guarantor’s business after completion of the Project.   

To mitigate price risk, the Guarantor takes the following actions: 

• Seeks to enter into complementary raw material supply agreements and sales agreements 
whereby the price is determined by the same index; 

• Aligns its raw material purchases with sales orders from customers; 

• Establishes low-cost long positions in key raw materials through, for example, ownership 
positions in mining activities or structured long-term supply contracts; 

• Maintains limits on acceptable metals positions, as approved by the management board of 
the Guarantor; and 

• Enters into long-term fixed-price sales contracts at prices which are expected to be 
sustainably above the cost of production. 

Success of the mitigation plan is dependent on the severity of metal price volatility and on the 
stability of counterparties performing under their contracts. Despite the mitigation strategies noted above, 
the Guarantor retains some exposure to price volatility which could have an impact on financial results. 
Due to the diverse mix of metals that the Guarantor processes and the fact that metal processing has more 
pass-through risk than long-position risk, this risk is difficult to quantify. 

Mining Risk.  At its lithium and tantalum mine in Brazil and three graphite mines in Germany, Sri 
Lanka and Mozambique, the Guarantor is exposed to certain safety, regulatory, geopolitical, environmental, 
operational and economic risks that are inherent to a mining operation. The profitability and sustainability 
of the Guarantor’s operations in various jurisdictions could be negatively impacted by environmental 
legislation or political developments, including changes to safety standards and permitting processes. The 
mining businesses have certain operational risks related to the ability to extract materials, including weather 
conditions, the performance of key machinery and the ability to maintain appropriate tailings dams. These 
risks are all mitigated by continuous monitoring and maintenance of all mining activities. Mining is also 
subject to geological risk relating to the uncertainty of mine resources, and economic risk relating to the 
uncertainty of future market prices of particular minerals. Geological risk is managed by continuously 
updating mine maps and plans; however, the profitability of the Guarantor’s mining operations is somewhat 
dependent upon the market price of mineral commodities.  

Mineral prices fluctuate widely and are affected by numerous factors beyond the control of the 
Guarantor. The level of interest rates, the rate of inflation, world supply of mineral commodities, 
consumption patterns, speculative activities and stability of exchange rates can all cause significant 
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fluctuations in prices. The prices of mineral commodities have fluctuated widely in recent years. Continued 
future price volatility could cause commercial production to be impracticable. Mitigation strategies include 
managing price risk by entering into long-term fixed-price contracts with customers, and via vertical 
integration strategies. Other cost-related strategies include continuously reducing cost of production for 
current products or expanding product lines to enable profitable mine production even in low price 
environments. 

Customer Risk.  Customer concentrations in certain business units amplify the importance of 
monitoring customer risk. In addition, turbulent economic conditions for commodity producers increase 
customer risk. The Guarantor attempts to mitigate this exposure by insuring and monitoring receivables, 
entering into long-term contracts, maintaining a diversified product portfolio and retaining adequate 
liquidity. The Guarantor has insured its accounts receivable where economically feasible and has set credit 
limits on its customers, which are closely tracked. In addition to constant monitoring from business unit 
leaders. The Guarantor’s management board reviews accounts receivable balances monthly. Given that the 
Guarantor has thousands of customers, this risk is difficult to quantify. However, no single customer 
accounts for more than 10% of the Guarantor’s revenues, and therefore, while the impact of a customer 
failure is manageable, it may have an adverse impact on results. Due to the collection of prepayments from 
many of its customers, AMG Engineering can mitigate a portion of customer payment and performance 
risk. In addition to risks associated with collectability of receivables, the Guarantor has long-term contracts 
with numerous customers that have enabled the Guarantor to solidify relationships and deepen its 
knowledge of its customer base. If a customer does not perform according to a long-term contract and a 
replacement customer cannot be immediately found, it could have an adverse impact on results. 

Supply Risk.  AMG Critical Materials is dependent on supplies of metals and metal-containing 
raw materials to produce its products. Despite a normally low appetite for risk in most categories, supply 
risk is more difficult to manage given the limited number of suppliers for certain materials. Some of these 
raw materials are available from only a few sources or a few countries, including countries that have some 
amount of political risk. AMG Engineering is dependent on a limited number of suppliers for many of the 
components of its vacuum furnace systems because of its stringent quality requirements. If the availability 
of the Guarantor’s raw materials or engineering components is limited, the Guarantor could suffer from 
reduced capacity utilization. This could result in lower economies of scale and higher per-unit costs. If the 
Guarantor is not able to pass on its increased costs, financial results could be negatively impacted. To 
mitigate the risk of raw materials and supplies becoming difficult to source, the Guarantor enters into 
longer-term contracts with its suppliers when practical and has been diversifying its supplier base when 
alternative suppliers are available. The Guarantor also mitigates the risk by monitoring supplier 
performance, maintaining a diversified product portfolio and retaining adequate liquidity. 

Legal and Regulatory Risk.  The Guarantor must comply with evolving regulatory environments 
in the countries and regions where it conducts business. Adjustments to environmental policy, as well as 
governmental restrictions on the flexibility to operate in certain locations, could affect the Guarantor. The 
Guarantor is required to comply with various international trade laws, including import, export, export 
control and economic sanctions laws. Failure to comply with any of these regulations could have an adverse 
effect on the Guarantor’s financial results, and the Guarantor’s appetite for regulatory compliance risk is 
very low. Additionally, changes to these laws could limit the Guarantor’s ability to conduct certain business. 
The Guarantor carefully monitors new and upcoming changes in governmental regulations, and has been 
closely monitoring the potential for a “hard BREXIT,” the departure of the UK from the EU customs union 
without a treaty. A change in regulatory bodies that have jurisdiction over the Guarantor’s products and 
facilities could also result in new restrictions, including those relating to the storage or disposal of legacy 
material at Guarantor-owned properties. This may result in significantly higher costs to the Guarantor. In 
addition, international and governmental policies and regulations may restrict the Guarantor’s access to key 
materials or scarce natural resources in certain regions or countries or may limit its ability to operate with 
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respect to certain countries. As regulations change, the Guarantor proactively works to implement any 
required changes in advance of the deadlines. The REACH Directive is in effect in the European Union, 
and the Guarantor’s business units pre-registered all required materials and made complete registrations for 
those products. The Guarantor has continuing obligations to comply with international and national 
regulations and practices concerning corporate organization, business conduct, and corporate governance. 
Continuous mandatory training programs, and updates thereof, are provided by the Guarantor to its 
management and employees to ensure appropriate business conduct. An estimate of potential impact related 
to regulatory risk is not possible. 

Currency Risk.  The Guarantor’s global production and sales footprint exposes the Guarantor to 
potential adverse changes in currency exchange rates, resulting in transaction, translation, and economic 
foreign exchange risk. These risks arise from operations, investments and financing transactions related to 
the Guarantor’s international business profile. While the Guarantor transacts business in numerous 
currencies other than its functional currency, the United States dollar, the Guarantor’s primary areas of 
exposure are the euro, Brazilian real, and British pound. Given the location of its operations, it is not 
possible to mitigate translation risk in a cost-effective manner. The Guarantor has developed a uniform 
foreign exchange policy that governs the activities of its subsidiaries and corporate headquarters. The 
Guarantor enters into non-speculative spot and forward hedge transactions to mitigate its transaction risk 
exposure and employs hedges to limit certain balance sheet translation risks. The Guarantor will also at 
times hold cash in foreign currencies to naturally hedge certain translation risks. The Guarantor’s overall 
economic foreign exchange risk is somewhat mitigated by the natural hedge provided by its global 
operations and diversified portfolio of products: namely, a majority of the Guarantor’s products are sold in 
the country in which they are produced. While the Guarantor will continue to manage foreign exchange 
risk and hedge exposures where appropriate, fundamental changes in exchange rates could have an adverse 
impact on the Guarantor’s financial results. 

Competition.  The Guarantor’s markets are highly competitive. The Guarantor competes 
domestically and internationally with multinational, regional and local providers. The Guarantor competes 
primarily on product technology, quality, availability, distribution, price and service. Competition may also 
arise from alternative materials and the development of new products. Increased competition could lead to 
higher supply or lower overall pricing. The Guarantor is a leader in many of its key niche markets. The 
Guarantor strives to be at the forefront of technology and product development. Despite this, there can be 
no assurance that the Guarantor will not be materially impacted by increased competition. 

Product Quality, Safety And Liability.  The Guarantor’s products are used in various applications 
including mission critical components. Failure to maintain strict quality control could result in material 
liabilities and reputational damage. The Guarantor maintains a stringent quality control program to ensure 
its products meet or exceed customer requirements and regulatory standards. The Guarantor further 
mitigates this risk via liability insurance. 

Business Interruption.  A significant interruption of a key business operation could have a 
material impact on results. The Guarantor’s operations could be impacted by many factors including a 
natural disaster, serious incident or labor strike. Key suppliers and customers could also experience business 
interruption whereby the Guarantor is indirectly impacted. The Guarantor’s broadly diversified business 
model mitigates some of the risk associated with business interruption. The Guarantor’s insurance policies 
also include business interruption coverage subject to certain terms. The Guarantor attempts to further 
mitigate this risk by actively monitoring the supply chain and maintaining rigorous training programs on 
operational and safety procedures. 
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Enforceability of Bond Documents 

The Company has limited assets.  The Company has no assets or funds available to pay the costs 
of the Project other than as described herein under the heading “PLAN OF FINANCE.”  The Bondholders 
are unsecured creditors of the Company, which will have no business other than the operation of the 
Facility.  The Guarantor’s obligations under the Guaranty are also unsecured. 

The remedies available to the Trustee or the Bondholders in the event of a default under the Loan 
Agreement are in many respects dependent upon judicial actions that often are subject to discretion and 
delay.  Under existing constitutional and statutory law and judicial decisions, including specifically Title 
11 of the United States Code (the Federal Bankruptcy Code), the remedies provided in the Loan Agreement 
may not be readily available or may be limited.  Delay in the availability of such remedies or the absence 
thereof could have a material adverse effect upon the availability to Bondholders of full and timely payment 
of the Bonds. 

Potential for Determination of Taxability 

Under certain circumstances, interest on the Bonds could become includable in gross income for 
federal income tax purposes.  Furthermore, the occurrence of certain events, or the failure of the Company 
to comply with certain covenants contained in the Loan Agreement or the Use of Proceeds Certificate and 
Agreement, dated the date of issuance of the Bonds, between the Issuer and the Company, may result in the 
interest on the Bonds being includable in gross income for federal income tax purposes from the date the 
Bonds were first issued.  If interest on the Bonds becomes includable in gross income for federal income 
tax purposes, the holders of the Bonds might incur a significant tax liability, and such holders would not in 
such event be entitled to receive any additional amounts from the Company to pay such liabilities.   

Environmental Permitting and Governmental Regulation 

The Project is subject to a number of federal, state and local laws and regulations related to the 
environment, health and safety compliance and permitting obligations (including those related to the use, 
storage, handling, transportation and disposal of waste).  Failure to comply with such laws, regulations and 
permits could result in the need for capital expenditures and/or the imposition of penalties or restrictions 
on operations that could adversely affect present and future operations of the Facility.  Such laws and 
regulations could change in a manner that could result in the need for capital expenditures or result in an 
increase in operating expenses.  In addition, such laws and regulations could materially and adversely affect 
the ability of the Company to construct the Facility and/or operate the Facility. 

Environmental Risks 

With respect to the ownership of real property, there are potential risks and liabilities regarding 
environmental conditions on, under, arising from, relating to, or affecting such property.  The presence of 
hazardous substances on, under, arising from or affecting such property, or the presence of hazardous 
substances on other real property but relating to such property, may result in the owners of such property 
being liable for the costs of investigation and remediation, without regard to knowledge or responsibility 
for the presence of such hazardous substances.  The presence of such hazardous substances or the failure to 
properly remediate such when present may adversely affect the owners’ ability to sell or rent such property 
or to borrow using property as collateral.  The costs and liability for such investigation and remediation is 
generally not limited. 
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Restrictions on Purchase and Transfer 

There is no established secondary market for the Bonds, and it is not expected that a secondary 
market will develop for the purchase and sale of the Bonds.  The Bonds are being offered only to entities 
that are Qualified Institutional Buyers.  The initial purchaser(s) of the Bonds will be required to execute 
and deliver an Investor Letter in the applicable form attached hereto as Appendix F from each initial Owner 
or Beneficial Owner in connection with such purchase providing representations and assurances to the 
Issuer, the Company and the Underwriters regarding, among other matters, its or their status as a Qualified 
Institutional Buyer.  The transfer of the Bonds is restricted pursuant to the terms of the Indenture to 
transferees that are Qualified Institutional Buyers.  Accordingly, there is not expected to be an active 
secondary market for any resale of the Bonds.  Transfers of the Bonds may only be made in Authorized 
Denominations.  

Absence of Market for Bonds 

The Underwriters are not obligated to repurchase any of the Bonds or to make any market therein. 
Accordingly, there can be no assurance that an active market for the Bonds will develop. If a market for the 
Bonds does not develop, holders of Bonds may be unable to resell such Bonds for an extended period of 
time, if at all. Consequently, such holders may not be able to liquidate their investments readily. Moreover, 
if a market for the Bonds does develop, the Bonds could trade at a substantial discount from their face 
amount. 

Additional Indebtedness 

Under specified circumstances, Additional Bonds may be issued by the Issuer at any time or from 
time to time, pursuant to and in accordance with the terms of the Indenture. Under the Indenture, any 
Additional Bonds will rank on a parity with all Bonds then outstanding.  The issuance of Additional Bonds 
(other than for refinancing purposes) would create additional claims against the Trust Estate described 
under “SECURITY AND SOURCES OF PAYMENT FOR THE BONDS - Trust Estate.”  In addition, 
neither the Guarantor nor the Company are restricted from incurring additional indebtedness that will rank 
on a parity with the Bonds nor are the Guarantor or the Company restricted from pledging collateral to 
secure other parity obligations which collateral would secure the Bonds.  The Company’s obligation to 
repay the Bonds under the Loan Agreement and the Note and the Guarantor’s obligation to repay the Bonds 
under the Guaranty are unsecured obligations of the Company and the Guarantor, respectively. 

THE BONDS 

General 

The Bonds will be dated their date of delivery and will mature on the dates and bear interest at the 
rates set forth on the inside cover of this Official Statement.  Interest on the Bonds will be computed on the 
basis of a year of 360 days consisting of 12 months of 30 days each, and will be payable on each January 1 
and July 1, commencing on January 1, 2020 and at maturity or upon earlier redemption. 

The Bonds will be issued as fully registered bonds in denominations of $100,000 and any integral 
multiple of $5,000 in excess thereof, and, when issued, will be registered in the name of Cede & Co., as 
nominee of DTC.  Purchases of beneficial interests in the Bonds initially will be made in book-entry-only 
form (without certificates) in denominations of $100,000 and any integral multiple of $5,000 in excess 
thereof, and, under certain circumstances, such beneficial interests are exchangeable for one or more fully 
registered bonds of the same maturity and of like principal amount, in denominations of $100,000 and any 
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integral multiple of $5,000 in excess thereof (see “THE BONDS – Revision of Book-Entry System; 
Replacement Bonds”). 

So long as any of the Bonds are in book-entry form, the registered owner of the Bonds will be Cede 
& Co. for all purposes of the Indenture and the principal of, premium, if any, and interest on such Bonds 
will be payable as described under “THE BONDS – Book-Entry-Only System” below.  If the book-entry-
only system is discontinued with respect to the Bonds, the principal of and premium, if any, on the Bonds 
will be payable in lawful money of the United States of America upon presentation and surrender of the 
Bonds at the designated office of the Paying Agent, by check drawn upon the Paying Agent, and interest 
on the Bonds will be payable in lawful money of the United States of America by check drawn upon the 
Paying Agent and mailed by first class mail to the bondholder at the addresses shown on the registration 
books maintained by the Bond Registrar at the close of business on the Record Date next preceding each 
Bond Payment Date, notwithstanding the exchange or registration of transfer of any such Bond after such 
Record Date.  Notwithstanding any other provision of the Indenture, upon written request of any holder of 
Bonds in aggregate principal amount of not less than $1,000,000, interest on the Bonds will be paid by wire 
transfer in immediately available funds to an account designated by such bondholder. 

Redemption 

Optional Redemption.  The Bonds are subject to redemption in whole or in part at any time on or 
after July 1, 2029, at the option of the Issuer, upon the direction of the Company, by lot as selected by the 
Trustee, at a redemption price of par plus interest accrued to the redemption date. 

Excess Proceeds Mandatory Redemption.  If on the Completion Date, there shall remain any 
moneys in the Capitalized Interest Account in excess of the amount to be reserved for the payment of unpaid 
items of the Costs of the Project (the “Excess Proceeds”), such Excess Proceeds shall be, as directed in 
writing by an Authorized Representative of the Company, (i) transferred to the Principal Account of the 
Bond Fund, (ii) invested as directed in an Opinion of Bond Counsel and (iii) applied by the Trustee to 
redeem, at par (together with accrued and unpaid interest and any unamortized original issue premium, if 
positive, on the Bonds being redeemed), that principal amount of the Bonds (adjusted to reflect Authorized 
Denominations) on the next interest payment date for the Bonds.  That redemption premium would be an 
amount equal to the product of (the remaining number of years until the ten year call date divided by 10) 
times the amount of such original issue premium. By way of example, if the Bonds were called after 6 
years, then the call premium would equal – (4/10) times (the amount of original issue premium paid by the 
initial holder of the redeemed Bonds). Any remaining Excess Proceeds shall remain in such Account in the 
Bond Fund, invested as provided above, and used until depleted to redeem Bonds on each subsequent 
interest payment date for the Bonds.  Any of said Bonds redeemed in accordance with subsection (iii) shall 
be cancelled and the Company will receive a credit corresponding to the principal amount of Bonds so 
redeemed against its obligations to make payments under the Loan Agreement and the Note. 

Extraordinary Redemption. The Bonds are subject to extraordinary redemption in whole, at any 
time, at a redemption price equal to 100% of the principal amount thereof plus accrued and unpaid interest 
to the redemption date, plus an amount equal to any unamortized original issue premium (if positive) on 
the Bonds being redeemed, which premium will be calculated as described under “– Excess Proceeds 
Mandatory Redemption,” upon the occurrence of any of the following events: 

(a) The Company shall have delivered a certificate signed by an Authorized Representative of
the Company to the Issuer and the Trustee to the effect that the Project has been damaged or destroyed by 
fire or other casualty to such extent that in the opinion of the Company it cannot be reasonably repaired, 
rebuilt or restored within a period of one year to the condition thereof immediately preceding such damage 
or destruction; or  
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(b) The Company shall have delivered a certificate signed by an Authorized Representative of
the Company to the Issuer and the Trustee to the effect that title to, or the temporary use of all or a substantial 
part of the Project shall have been taken under the exercise of the power of eminent domain by any 
governmental body or by any person, firm or corporation acting under governmental authority, and by 
virtue of such taking or takings, in the opinion of the Company, the normal operation of the Project will 
thereby be prevented for a period of one year or more; or 

(c) On or before July 1, 2021, the Company shall have delivered a certificate signed by an
Authorized Representative of the Company to the Issuer and the Trustee to the effect that it has used all 
commercially reasonable efforts and has not secured the necessary permits for the construction and/or 
operation of the Project. 

(d) As a result of changes in, or changes in the interpretation of, the Constitution of the State
or the Constitution of the United States of America or of legislative or administrative action (whether local, 
state or Federal) or of a final decree, judgment or order of any court or administrative body (whether local, 
state or Federal) after the contest thereof by the Company in good faith, the Loan Agreement or the Bonds 
shall have become void or unenforceable or impossible of performance in accordance with the intent and 
purpose of the parties as expressed therein. 

Upon the occurrence of any of the above events, the Company shall give written notice to the Issuer 
and the Trustee, which shall specify therein such event and a redemption date not less than 45 nor more 
than 60 days thereafter. 

Selection of Bonds to be Redeemed.  With respect to any redemption of less than all of the Bonds 
of a Series then outstanding, the Trustee shall redeem Bonds of such Series in the order directed in writing 
by an Authorized Representative of the Company.  Except as otherwise provided above, in the event of a 
redemption of less than all of the Bonds of a Series, the Paying Agent shall select the Bonds of a Series to 
be redeemed by lot, or in such other manner as the Paying Agent may deem appropriate.  The Bonds shall 
be redeemed in Authorized Denominations, and, in selecting portions of such Bonds called for redemption, 
the Paying Agent shall treat each such Bond of such Series as representing that number of Bonds which is 
obtained by dividing the principal amount of such Bond to be redeemed in part by Authorized 
Denominations.  

Notice of Redemption; Effect.  Written notice of redemption in whole or in part of any Bond shall 
be prepared by the Company at its expense and shall be given not less than 30 days prior to the redemption 
date to the registered holder of each of the Bonds to be redeemed by first class mail, postage prepaid, at the 
last address for each such Bondholder shown on the registration books kept by the Bond Registrar. 

If, at the time of mailing of the notice of any optional redemption, there has not been deposited 
with the Trustee moneys sufficient to redeem all the Bonds called for redemption, the notice will state that 
it is conditional, that is, subject to the deposit of the redemption moneys with the Trustee not later than the 
opening of business on the redemption date.  Such notice will be of no effect unless such moneys are so 
deposited.  Any notice mailed or otherwise transmitted as provided in the Indenture will be conclusively 
presumed to have been duly given, whether or not the owner of such Bonds or such other intended recipient 
receives such notice.  So long as Cede & Co., as nominee of DTC, is the registered owner of the Bonds, all 
notices of redemption will be sent only to Cede & Co., and delivery of notices of redemption to the Direct 
Participants (as defined below), if any, will be solely the responsibility of DTC. 
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Optional Tender Upon a Change of Control 

Owners and Beneficial Owners may elect to tender their Bonds for purchase by the Company upon 
a Change of Control at a purchase price equal to 101% of the principal amount of the Bonds so tendered, 
plus accrued interest to the purchase date, such tender to occur on any Business Day that is no earlier than 
60 days nor later than 90 days after the date on which the Company provides to the Issuer, the Trustee and 
DTC, and posts on the Municipal Securities Rulemaking Board’s Electronic Municipal Market Access 
system (“EMMA”), notice of a Change of Control, or, if the Company fails to provide such notice within 
10 days after a Change of Control, on any Business Day that is no earlier than 60 days nor later than 90 
days after the date on which such Owner becomes aware of, and notifies the Issuer and the Trustee in 
writing of, a Change of Control. 

Any Owner or Beneficial Owner electing to tender its Bonds shall deliver (i) to the Trustee and the 
Company, prior to 10:00 a.m., New York City time, on any Business Day no later than the date that is 75 
days after the date on which the Company provides to the Issuer, the Trustee and DTC, and posts on EMMA, 
notice of a Change of Control, or, if the Company fails to provide such notice within 10 days after a Change 
of Control, on any Business Day no later than the date that is 75 days after the date on which such Owner 
becomes aware of, and notifies the Issuer and the Trustee in writing of, a Change of Control, written, 
electronic or telephonic notice of its intention to tender its Bonds, and (ii) to or at the direction of the 
Company, at or prior to 1:00 p.m., New York City time, on any Business Day that is no earlier than 60 days 
nor later than 90 days after the date on which the Company provides to the Issuer, the Trustee and DTC, 
and posts on EMMA, notice of a Change of Control, or, if the Company fails to provide such notice within 
10 days after a Change of Control, on any Business Day that is no earlier than 60 days nor later than 90 
days after the date on which such Owner becomes aware of, and notifies the Issuer and the Trustee in 
writing of, a Change of Control, its Bonds. 

Restrictions on Purchase and Transfer 

The Bonds are being sold only to “Qualified Institutional Buyers” within the meaning of Rule 144A 
(“Qualified Institutional Buyers”) under the Securities Act, which have signed a letter substantially in the 
form of Appendix F and may be transferred only to Qualified Institutional Buyers.  Transferees of the Bonds 
will be deemed to have acknowledged, represented, warranted and agreed with and to the Issuer, the 
Company, the Trustee and the Underwriters that they meet this requirement and will comply with this 
restriction.  Purchase of the Bonds is accordingly restricted to Qualified Institutional Buyers.  In addition, 
future transfers of the Bonds are similarly restricted to Qualified Institutional Buyers. 

Book-Entry-Only System 

Portions of the following information concerning DTC and DTC’s book-entry-only system have 
been obtained from DTC.  The Issuer, the Company, the Guarantor and the Underwriters make no 
representation as to the accuracy of such information. 

DTC will act as securities depository for the Bonds.  The Bonds will be issued as fully-registered 
securities registered in the name of Cede & Co. (DTC’s partnership nominee) or such other name as may 
be requested by an authorized representative of DTC.  One fully-registered Bond will be issued for the 
Bonds, in the aggregate principal amount of such issue, and will be deposited with the Trustee as custodian 
for DTC. 

DTC is a limited-purpose trust company organized under the New York Banking Law, a “banking 
organization” within the meaning of the New York Banking Law, a member of the Federal Reserve System, 
a “clearing corporation” within the meaning of the New York Uniform Commercial Code, and a “clearing 
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agency” registered pursuant to the provisions of Section 17A of the Securities Exchange Act of 1934 (the 
“Exchange Act”). DTC holds and provides asset servicing for over 3.6 million issues of U.S. and non-U.S. 
equity issues, corporate and municipal debt issues, and money market instruments (from over 100 countries) 
that DTC’s participants (“Direct Participants”) deposit with DTC. DTC also facilitates the post-trade 
settlement among Direct Participants of sales and other securities transactions in deposited securities, 
through electronic computerized book-entry transfers and pledges between Direct Participants’ accounts. 
This eliminates the need for physical movement of securities certificates. Direct Participants include both 
U.S. and non-U.S. securities brokers and dealers, banks, trust companies, clearing corporations, and certain 
other organizations. DTC is a wholly owned subsidiary of The Depository Trust & Clearing Corporation 
(“DTCC”). DTCC is the holding company for DTC, National Securities Clearing Corporation and Fixed 
Income Clearing Corporation, all of which are registered clearing agencies. DTCC is owned by the users 
of its regulated subsidiaries. Access to the DTC system is also available to others such as both U.S. and 
non-U.S. securities brokers and dealers, banks, trust companies, and clearing corporations that clear through 
or maintain a custodial relationship with a Direct Participant, either directly or indirectly (“Indirect 
Participants”). The DTC Rules applicable to its Participants are on file with the Securities and Exchange 
Commission. More information about DTC can be found at www.dtcc.com; nothing contained in such 
website is incorporated into this Official Statement. 

Purchases of the Bonds under the DTC system must be made by or through Direct Participants, 
which will receive a credit for the Bonds on DTC’s records.  The ownership interest of each actual purchaser 
of each Bond (“Beneficial Owner”) is in turn to be recorded on the Direct and Indirect Participants’ records.  
Beneficial Owners will not receive written confirmation from DTC of their purchase.  Beneficial Owners 
are, however, expected to receive written confirmations providing details of the transaction, as well as 
periodic statements of their holdings, from the Direct or Indirect Participant through which the Beneficial 
Owner entered into the transaction.  Transfers of ownership interests in the Bonds are to be accomplished 
by entries made on the books of Direct and Indirect Participants acting on behalf of Beneficial Owners.  
Beneficial Owners will not receive certificates representing their ownership interests in Bonds, except in 
the event that use of the book-entry system for the Bonds is discontinued. 

To facilitate subsequent transfers, all Bonds deposited by Direct Participants with DTC are 
registered in the name of DTC’s partnership nominee, Cede & Co., or such other name as may be requested 
by an authorized representative of DTC.  The deposit of Bonds with DTC and their registration in the name 
of Cede & Co. or such other DTC nominee do not effect any change in beneficial ownership.  DTC has no 
knowledge of the actual Beneficial Owners of the Bonds; DTC’s records reflect only the identity of the 
Direct Participants to whose accounts such Bonds are credited, which may or may not be the Beneficial 
Owners.  The Direct and Indirect Participants will remain responsible for keeping account of their holdings 
on behalf of their customers. 

Conveyance of notices and other communications by DTC to Direct Participants, by Direct 
Participants to Indirect Participants, and by Direct Participants and Indirect Participants to Beneficial 
Owners will be governed by arrangements among them, subject to any statutory or regulatory requirements 
as may be in effect from time to time.  Beneficial Owners of Bonds may wish to take certain steps to 
augment transmission to them of notices of significant events with respect to the Bonds, such as 
redemptions, tenders, defaults, and proposed amendments to the Bond documents.  For example, Beneficial 
Owners of Bonds may wish to ascertain that the nominee holding the Bonds for their benefit has agreed to 
obtain and transmit notices to Beneficial Owners.  In the alternative, Beneficial Owners may wish to provide 
their names and addresses to the Trustee and request that copies of notices be provided directly to them.  
THE ISSUER, THE COMPANY, THE GUARANTOR AND THE TRUSTEE WILL NOT HAVE ANY 
RESPONSIBILITY OR OBLIGATION TO SUCH DIRECT AND INDIRECT PARTICIPANTS OR THE 
PERSONS FOR WHOM THEY ACT AS NOMINEES WITH RESPECT TO THE BONDS. 
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Redemption notices shall be sent to DTC.  If less than all of the Bonds within an issue are being 
redeemed, DTC’s practice is to determine by lot the amount of the interest of each Direct Participant in 
such issue to be redeemed. 

Neither DTC nor Cede & Co. (nor any other DTC nominee) will consent or vote with respect to 
Bonds unless authorized by a Direct Participant in accordance with DTC’s Procedures.  Under its usual 
procedures, DTC mails an Omnibus Proxy to the Issuer as soon as possible after the record date.  The 
Omnibus Proxy assigns Cede & Co.’s consenting or voting rights to those Direct Participants to whose 
accounts the Bonds are credited on the record date (identified in a listing attached to the Omnibus Proxy). 

Principal and interest payments on the Bonds will be made to Cede & Co., or such other nominee 
as may be requested by an authorized representative of DTC.  DTC’s practice is to credit Direct Participants’ 
accounts upon DTC’s receipt of funds and corresponding detail information from the Issuer or the Trustee, 
on payable dates in accordance with their respective holdings shown on DTC’s records.  Payments by 
Participants to Beneficial Owners will be governed by standing instructions and customary practices, as is 
the case with securities held for the accounts of customers in bearer form or registered in “street name,” 
and will be the responsibility of such Participant and not of DTC, the Trustee, or the Issuer, subject to any 
statutory or regulatory requirements as may be in effect from time to time.  Payment of principal and interest 
to Cede & Co. (or such other nominee as may be requested by an authorized representative of DTC) is the 
responsibility of the Issuer or the Trustee, disbursement of such payments to Direct Participants will be the 
responsibility of DTC, and disbursement of such payments to the Beneficial Owners will be the 
responsibility of Direct and Indirect Participants. 

DTC may discontinue providing its services as securities depository with respect to the Bonds at 
any time by giving reasonable notice to the Issuer or the Trustee.  In addition, the Issuer, or the Company 
on behalf of the Issuer, may terminate, upon provision of notice to the Trustee, the services of DTC with 
respect to the Bonds.  Under such circumstances, in the event that a successor securities depository is not 
obtained, Bonds are required to be printed and delivered as described in the Indenture. 

THE ISSUER, THE TRUSTEE, THE COMPANY, THE GUARANTOR AND THE 
UNDERWRITERS SHALL NOT HAVE ANY RESPONSIBILITY OR OBLIGATION TO ANY 
DIRECT OR INDIRECT PARTICIPANT, ANY BENEFICIAL OWNER OR ANY OTHER PERSON 
CLAIMING A BENEFICIAL OWNERSHIP INTEREST IN THE BONDS UNDER OR THROUGH DTC 
OR ANY DTC PARTICIPANT, OR ANY OTHER PERSON WHICH IS NOT SHOWN ON THE 
REGISTRATION BOOKS OF THE TRUSTEE AS BEING A HOLDER, WITH RESPECT TO THE 
ACCURACY OF ANY RECORDS MAINTAINED BY DTC OR ANY DIRECT OR INDIRECT 
PARTICIPANT; THE PAYMENT BY DTC OR ANY DIRECT OR INDIRECT PARTICIPANT OF ANY 
AMOUNT IN RESPECT OF THE PRINCIPAL OF, PURCHASE PRICE, PREMIUM, IF ANY, OR 
INTEREST ON THE BONDS; ANY NOTICE WHICH IS PERMITTED OR REQUIRED TO BE GIVEN 
TO OWNERS UNDER THE INDENTURE; THE SELECTION BY DTC OR ANY DIRECT OR 
INDIRECT PARTICIPANT OF ANY PERSON TO RECEIVE PAYMENT IN THE EVENT OF A 
PARTIAL REDEMPTION OF THE BONDS; ANY CONSENT GIVEN OR OTHER ACTION TAKEN 
BY DTC AS AN OWNER; OR ANY OTHER PROCEDURES OR OBLIGATIONS OF DTC UNDER 
THE BOOK-ENTRY SYSTEM. 

SO LONG AS CEDE & CO. (OR SUCH OTHER NOMINEE AS MAY BE REQUESTED BY 
AN AUTHORIZED REPRESENTATIVE OF DTC) IS THE REGISTERED OWNER OF THE BONDS, 
AS NOMINEE OF DTC, REFERENCES HEREIN TO THE HOLDERS OR OWNERS OR 
REGISTERED HOLDERS OR REGISTERED OWNERS OF THE BONDS MEANS CEDE & CO., AS 
AFORESAID, AND DOES NOT MEAN THE BENEFICIAL OWNERS OF THE BONDS. 



 

DMEAST #37438745 v11    17 

The foregoing description of the procedures and record keeping with respect to beneficial 
ownership interests in the Bonds, payment of principal, interest and other payments on the Bonds to Direct 
and Indirect Participants or Beneficial Owners, confirmation and transfer of beneficial ownership interest 
in such Bonds and other related transactions by and between DTC, the Direct and Indirect Participants and 
the Beneficial Owners is based solely on information provided by DTC.  Accordingly, no representations 
can be made concerning these matters, and neither the Direct nor Indirect Participants nor the Beneficial 
Owners should rely on the foregoing information with respect to such matters, but should instead confirm 
the same with DTC. 

Revision of Book-Entry System; Replacement Bonds 

In the event that DTC determines not to continue as securities depository, the Issuer, or the 
Company on behalf of the Issuer, may determine to appoint a successor securities depository.  In addition, 
the Company may in the future elect to have the Issuer issue Bonds to bondholders other than DTC or a 
successor securities depository.  In such event the Bonds may be registered in the names of such 
bondholders as is provided by DTC or a DTC Participant, or by the successor securities depository as the 
case may be and subsequently in whatever name or names holders of the Bonds designate. 

In the event that the book-entry-only system is discontinued, the principal of, premium, if any, and 
interest on the Bonds will be payable in the manner described above under “THE BONDS – General” and 
the following provisions will apply: So long as any of the Bonds remain outstanding, the Bond Registrar 
will maintain books for the registration and transfer of the Bonds.  Upon surrender for transfer or exchange 
of any Bond at the designated office of the Bond Registrar, with a written instrument of transfer, duly 
executed by the registered owner or his duly authorized attorney, the Issuer will execute and the Trustee 
will authenticate and deliver in the name of the transferee(s) a new Bond or Bonds in authorized 
denominations in the same aggregate principal amount and of the same maturity.  All Bonds surrendered 
for transfer or exchange will be cancelled by the Trustee.  The Trustee will not be required to make a transfer 
or exchange of any Bond during the period after (i) any Record Date and prior to the next following Bond 
Payment Date or (ii) the mailing of notice calling such Bonds for redemption has been given as provided 
in the Indenture nor during the period from the Record Date with respect to any date fixed for redemption 
of Bonds to such redemption date. 

SECURITY AND SOURCES OF PAYMENT FOR THE BONDS 

The Bonds will be issued by the Issuer pursuant to the Indenture to be secured on a parity with any 
Additional Bonds as provided in the Indenture.  The Bonds are special obligations of the Issuer payable 
solely from, and secured exclusively by, the Trust Estate, as described herein.  Payment of principal of, 
premium, if any, and interest on the Bonds will be further secured by the Guaranty.  Additional Bonds may 
be issued under the Indenture and secured on a parity by the Trust Estate if permitted by the Loan 
Agreement and the Indenture.  The Company’s obligation to repay the Bonds under the Loan Agreement 
and the Note and the Guarantor’s obligation to repay the Bonds under the Guaranty are unsecured 
obligations of the Company and the Guarantor, respectively. 

THE BONDS WILL BE SPECIAL OBLIGATIONS OF THE STATE OF OHIO ISSUED BY 
THE ISSUER, AND WILL NOT CONSTITUTE A DEBT OR A PLEDGE OF THE FAITH AND 
CREDIT OR TAXING POWER OF THE ISSUER OR THE STATE OF OHIO OR OF ANY POLITICAL 
SUBDIVISION THEREOF, AND THE HOLDERS OR OWNERS OF THE BONDS WILL HAVE NO 
RIGHT TO HAVE TAXES LEVIED BY THE GENERAL ASSEMBLY OF THE STATE OF OHIO OR 
ANY POLITICAL SUBDIVISION OF THE STATE OF OHIO FOR THE PAYMENT OF PRINCIPAL 
OF OR INTEREST ON THE BONDS.  THE BONDS WILL BE PAYABLE SOLELY FROM THE 
TRUST ESTATE UNDER THE INDENTURE, INCLUDING PAYMENTS TO BE MADE UNDER THE 
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LOAN AGREEMENT AND THE NOTE, AND WILL BE FURTHER SECURED BY THE GUARANTY 
TO THE EXTENT DESCRIBED HEREIN. 

Trust Estate 

Payment of the principal of and redemption price and interest on the Bonds will be secured by the 
pledge of and lien on the Trust Estate.  The “Trust Estate” includes the Issuer’s right, title and interest in 
and to the following, subject in all cases to the provisions of the Indenture providing for the application 
thereof for the purposes and on the terms and conditions set forth in the Indenture:  

A. All right, title and interest of the Issuer in and to the Revenues and to the Loan Agreement 
(except for certain rights of the Issuer to indemnification, to payment of fees and expenses, to give consents 
and to receive notices), the Note and all revenues and receipts derived by the Issuer therefrom and the 
security therefor; 

B. The funds and accounts created under the Indenture and held by the Trustee or other 
financial institutions pursuant to the terms of the Indenture (except the Rebate Fund); and 

C. All other property of every name and nature from time to time mortgaged, pledged or 
hypothecated as and for additional security under the Indenture by the Issuer or by anyone on its behalf or 
with its written consent including, but not limited to, certain insurance proceeds, certain contracts and 
certain of the manufacturers’ and contractors’ warranties. 

Under certain circumstances, the Indenture permits the issuance of Additional Bonds, which, when 
and if issued, will be secured by the pledge of and lien on the Trust Estate on a parity basis with the Bonds.  
See “THE INDENTURE - Additional Bonds.” 

Loan Agreement 

Pursuant to the Loan Agreement, the Issuer will loan the proceeds from the sale of the Bonds to the 
Company, and the Company will covenant to use such proceeds to pay the Costs of the Project.  The 
Company will pay to the Trustee for the account of the Issuer an amount equal to the aggregate principal 
amount of the Bonds from time to time outstanding, and the premium, if any, and interest thereon at 
maturity, upon redemption, upon acceleration, or when otherwise payable.  The obligation of the Company 
to make the payments on the Note to the Trustee and to perform and observe all other covenants, conditions 
and agreements under the Loan Agreement will be a general obligation of the Company without setoff, 
diminution or deduction (whether from taxes or otherwise) and will be absolute and unconditional, 
irrespective of any defense or any rights of setoff, recoupment or counterclaim it might otherwise have 
against the Issuer or the Trustee.  The Company is also required pursuant to the Loan Agreement to comply 
with certain financial and other covenants intended to protect holders of the Bonds.  See “THE LOAN 
AGREEMENT AND THE NOTE.” 

Guaranty 

In connection with the issuance of the Bonds, the Guarantor will deliver the Guaranty to the Trustee 
and the Issuer.  Under the Guaranty, the Guarantor will guarantee all of the obligations of the Company 
pursuant to the Loan Agreement, including the payment when due of the principal of, premium, if any, and 
interest on the Bonds and all other amounts payable by the Company under the Loan Agreement.  See “THE 
GUARANTY.”   
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THE LOAN AGREEMENT AND THE NOTE 

Certain provisions of the Loan Agreement and the Note are described below.  Reference is made 
to the Loan Agreement and the Note for the detailed provisions thereof. 

The Loan and Repayment 

Pursuant to the Loan Agreement, the Issuer will loan the proceeds from the sale of the Bonds to the 
Company, and the Company will covenant to use such proceeds to pay the Costs of the Project.  The 
Company will pay to the Trustee for the account of the Issuer an amount equal to the aggregate principal 
amount of the Bonds from time to time outstanding, and the premium, if any, and interest thereon at 
maturity, upon redemption, upon acceleration, or when otherwise payable.  The obligation of the Company 
to make the payments on the Note to the Trustee and to perform and observe all other covenants, conditions 
and agreements under the Loan Agreement will be a general obligation of the Company without setoff, 
diminution or deduction (whether from taxes or otherwise) and will be absolute and unconditional, 
irrespective of any defense or any rights of setoff, recoupment or counterclaim it might otherwise have 
against the Issuer or the Trustee. 

Agreement to Acquire, Construct and Equip the Facility 

The Company is obligated under the Loan Agreement to proceed diligently and cause the 
acquisition, construction and installation of the Facility.  In the case of any material change in the Facility, 
the Loan Agreement requires that there shall be filed a written approving Opinion of Bond Counsel to the 
effect that such change will not cause interest on the Bonds to be included in gross income for federal 
income tax purposes.   

Disbursements from Construction Fund 

The moneys on deposit in the Construction Fund will be disbursed from time to time to the 
Company to reimburse the Company for portions of the Costs of the Project paid by it or to make payments 
to persons designated by the Company in respect of portions of the Costs of the Project, upon receipt by the 
Trustee of a Written Requisition executed by an Authorized Company Representative.  The Company is 
not permitted to submit a Written Requisition, and has no claim upon any moneys in the Construction Fund, 
so long as there has occurred and is continuing an Event of Default under the Loan Agreement. 

Establishment of Completion Date 

The Company expects to extract ferro-vanadium by June 2021 and cause the Completion Date to 
occur by September 30, 2021 (the “Completion Date”).  It is an event of default under the Loan Agreement 
if the Completion Date does not occur by December 31, 2023.  The Completion Date will be evidenced to 
the Issuer and the Trustee by a certificate signed by an Authorized Representative of the Company.  See 
“THE PROJECT – Facility Completion.” 

Company Required to Complete Project and Pay All Costs of Project 

The Company is required to complete the Project and pay all Costs of the Project regardless of 
whether the proceeds derived from the sale of the Bonds are sufficient therefor.   
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Insurance 

The Company, at its expense, shall procure and maintain insurance policies issued by such 
insurance companies, in such amounts, in such form and substance, and with such coverages, endorsements, 
deductibles and expiration dates selected by the Company, including property, construction, flood, business 
interruption, commercial general liability, environmental, and such other insurance as is commercially 
reasonable for a project of the scope, size, and operation of the Project. 

Maintenance and Modification 

The Loan Agreement requires the Company to use, maintain and operate the Facility or cause it to 
be used, maintained and operated, in good repair, in accordance with all applicable laws, rules and 
regulations and in accordance with accepted industry standards applicable to similar facilities, subject to 
ordinary wear and tear and obsolescence.  The Company is also required to use all commercially reasonable 
efforts to obtain and maintain all licenses and governmental permits and approvals necessary to construct 
and operate the Facility. 

The Company may make modifications, replacements and renewals of and to the Facility as the 
Company deems necessary or desirable, provided that all such additions, modifications or improvements 
comply with all applicable federal, state and local laws and codes.  All such renewals, replacements, 
additions, modifications and improvements will become part of the Facility.  The Company must comply 
with all material contractual obligations applicable to the Company in connection with the operation of the 
Facility, and will maintain title to all property it purports to own or lease, in each case to the extent that 
non-compliance or failure to so maintain would materially and adversely affect the Company’s ability to 
carry on its business. 

Merger or Consolidation 

So long as the Company or any successor to the Company is licensed to do business in the State 
and is in compliance with the terms of the Loan Agreement, the Company may upon a commercially 
reasonable basis consolidate with or merge into any other entity or convey or transfer all or substantially 
all of its properties and assets to any person. 

Upon any consolidation or merger or any conveyance or transfer of all or substantially all of the 
properties and assets of the Company in accordance with the above restriction, the successor entity formed 
by such consolidation or into which the Company is merged or to which such conveyance or transfer is 
made will succeed to, and be substituted for, and may exercise every right and power of, the Company 
under the Loan Agreement with the same effect as if such successor entity had been named as the Company 
therein, and upon the successor entity acknowledging and agreeing in writing to be bound by the terms of 
the Loan Agreement, thereafter the predecessor entity will be relieved of all obligations and covenants 
under the Loan Agreement. 

Maintenance of Ratings 

The Company agrees to use commercially reasonable efforts to maintain a rating on the Bonds from 
each of Moody’s and S&P. 
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Financial Records and Statements 

The Company shall maintain proper books of record and account, in which full and correct entries 
shall be made in accordance with IFRS and with Part 9 of Book 2 of the Dutch Civil Code, of all its business 
and affairs, including the operation of the Project. 

The Company and the Guarantor have agreed to file certain financial information with the MSRB 
on a quarterly and annual basis in accordance with the Continuing Disclosure Agreement, as more 
particularly set forth in “APPENDIX E – FORM OF CONTINUING DISCLOSURE AGREEMENT” 
attached hereto and made a part hereof. 

Covenants Relating to Tax Matters 

The Company will covenant that it will not take or omit, or permit to be taken or omitted, any action 
with respect to the use of the proceeds of the Bonds the taking or omission of which would result in the loss 
of the exclusion from gross income of interest on the Bonds for federal income tax purposes under the Code 
or take or omit, or permit to be taken or omitted, any other action the taking or omission of which would 
cause the loss of such exclusion. 

The Company further will covenant that it will not take or omit to take any action, or direct the 
Trustee’s making any investment or use of any proceeds of the Bonds or any other moneys within its control 
or taking or omitting any other action, which would cause any Bonds to be “arbitrage bonds” the meaning 
of Section 148 of the Code. 

In addition, the Company covenants that it will, at its sole expense, be responsible for computation 
and timely payment on behalf of the Issuer of the amount, if any, due the United States pursuant to Section 
148(f) of the Code (the “Rebate Amount”), and shall retain records of all such computations and payments 
until six years after payment or deemed payment in full of all principal of and premium and interest on the 
Bonds. 

Events of Default 

Each of the following events constitutes an Event of Default under the Loan Agreement: 

(a) Failure of the Company to make any payment on any Note when the same becomes due 
and payable; 

(b) Failure of the Company to observe and perform any of its payments (other than the 
payments specified in clause (a) above), covenants, conditions or agreements under the Loan Agreement 
for a period of 30 days after receipt of notice, specifying such failure and requesting that it be remedied 
from the Issuer or the Trustee to the Company provided that, if such failure is not susceptible of cure within 
30 days and the Company has commenced and is diligently pursuing a cure, such 30 day period will be 
extended for so long as is reasonably necessary to cure such failure and provided, further, that the failure 
to observe or perform certain covenants, conditions or agreements may be excused by force majeure as 
defined in and as more particularly described in the Loan Agreement; 

(c) (i) Commencement by the Company of a voluntary case under the federal bankruptcy laws, 
as now or subsequently constituted, or any other applicable federal or state bankruptcy, insolvency or other 
similar law, (ii) consent by the Company to the appointment of a receiver, liquidator, assignee, trustee, 
custodian, sequestrator or other similar official for the Company or any substantial part of its property, or 
to the taking possession by any such official of any substantial part of the property of the Company, 
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(iii) making by the Company of any assignment for the benefit of creditors, or (iv) taking of any other
corporate action by the Company in furtherance of any of the foregoing;

(d) (i) Entry against the Company of any decree for relief or order for relief by a court having
jurisdiction over the Company or its property in an involuntary case under the federal bankruptcy law, as 
now or subsequently constituted, or any other applicable federal or state bankruptcy, insolvency or other 
similar law, (ii) appointment of a receiver, liquidator, assignee, trustee, custodian, sequestrator or similar 
official for the Company or any substantial part of its property, or (iii) entry of any order for the termination 
or liquidation of the Company or its affairs; 

(e) Failure of the Company within 60 days after the commencement of any proceedings against
it under the federal bankruptcy laws or any other applicable federal or state bankruptcy, insolvency or 
similar law, to have such proceedings dismissed or stayed; 

(f) Any warranty or representation of the Company contained in the Loan Agreement or the
Indenture or in any instrument furnished in connection with the issuance or sale of the Bonds was false or 
misleading in any material respect at the time it was made or delivered; 

(g) Failure to cause the Completion Date to occur by December 31, 2023, or the abandonment
of the Project (“abandonment of the Project” will be presumed if, prior to the Completion Date, the 
Company fails to draw money from the Construction Fund during any six-month period); or 

(h) An Event of Default under the Indenture or the Guaranty.

Remedies 

Upon the occurrence of an Event of Default, and at any time thereafter during the continuation of 
such Event of Default, the Issuer may exercise any right or remedy available to it in law or equity to enforce 
its rights to payment of its expenses and indemnification and the Trustee, as assignee of the Issuer, may 
exercise any right or remedy available to it in law or equity to enforce all other rights under the Loan 
Agreement and the Trustee may take one or more of the following remedial steps; and in the event that as 
a result of such Event of Default, the Trustee declares the principal amount of all Bonds then outstanding, 
together with any accrued and unpaid interest thereon, to be immediately due and payable under the 
Indenture, the Trustee must take the remedial step set forth in paragraph (a) below: 

(a) declare the entire unpaid portion of the loan made pursuant to the Loan Agreement and any
other sums which the Company is obligated to pay thereunder and the entire principal amount of the Note 
to be due and payable forthwith, whereupon any such unpaid portion of the loan, any such other sums and 
the Note will become forthwith due and payable, both as to principal and interest, without presentment, 
demand, protest, or other notices of any kind, all of which are expressly waived under the Loan Agreement 
anything contained in the Loan Agreement or in the Note or elsewhere to the contrary notwithstanding; 

(b) take any action at law or in equity to collect the payments then due and thereafter to become
due under the Loan Agreement or under the Note or to enforce performance and observance of any 
obligation, agreement or covenant of the Company under the Loan Agreement; 

(c) exercise all rights and remedies provided for in the Indenture;

(d) after prior written notice to the Company, unless the giving of such notice would prejudice
the Trustee (as determined in its sole discretion), perform for the account of the Company any covenant in 
the performance of which the Company is in default or make any payment for which the Company is in 
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default, and to reimburse the Trustee for payments made by it in connection therewith, upon which demand 
the Company will pay the Trustee as set forth in the Loan Agreement; 

(e) to pay or perform any obligation on behalf of the Company in connection with the Project; 
or 

(f) enforce the Guaranty. 

Upon the occurrence of any Event of Default which stays or in any manner impairs the rights and 
remedies of the Owners of the Bonds against the Issuer or the Company, all amounts payable under the 
Loan Agreement or upon the Note will become immediately due and payable notwithstanding anything in 
the Loan Agreement or the Note to the contrary. 

THE INDENTURE 

Certain information with respect to the Indenture is set forth below.  Reference is made to the 
Indenture for the detailed provisions thereof.  See also “SECURITY AND SOURCES OF PAYMENT FOR 
THE BONDS – Trust Estate.” 

Application of Proceeds 

The Trustee will apply the proceeds of the Bonds (net of costs of issuing the Bonds) as follows: 
(a) an amount shall be deposited in the Capitalized Interest Account of the Bond Fund representing 
capitalized interest related to that portion of the Project to be financed with proceeds of the sale of the Bonds 
through July 1, 2021 and (b) the remainder of the proceeds of the Bonds will be deposited in the 
Construction Fund and shall be applied by the Trustee on behalf of the Issuer to fund the Cost of the Project 
as provided in the Indenture. 

Bond Fund 

The Bond Fund will contain the Interest Account and the Principal Account, both to be held by the 
Trustee.  The Company has agreed in the Loan Agreement to deposit into the Interest Account at least one 
Business Day prior to each Bond Payment Date, all interest coming due on the Bonds on such Bond 
Payment Date and to deposit into the Principal Account at least one Business Day prior to each Bond 
Payment Date, all principal coming due on the Bonds on such Bond Payment Date and any other amounts 
required to be deposited therein pursuant to the Indenture and the Loan Agreement. 

The Trustee is required to disburse amounts in the Interest Account of the Bond Fund on each Bond 
Payment Date to pay interest accrued on the Bonds, and to disburse amounts in the Principal Account of 
the Bond Fund to pay the principal of the Bonds as required pursuant to the Indenture. 

In the event that at the close of business on the Business Day prior to any Bond Payment Date the 
balances in the Interest Account and/or the Principal Account of the Bond Fund are insufficient for the 
purposes thereof, the Trustee is required to promptly notify the Company of the amount of any such 
deficiency at which time the Company will be obligated to pay such amount to make up such deficiency in 
accordance with the Loan Agreement. 
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Construction Fund 

Disbursements from the Construction Fund for Costs of the Project will be made in accordance 
with the Loan Agreement.  See “THE LOAN AGREEMENT AND THE NOTE –Disbursements from the 
Construction Fund.” 

Following the Completion Date, the balance of any moneys remaining in the Construction Fund in 
excess of any amount to be reserved for payment of unpaid items of the Costs of the Project will be 
deposited in the Bond Fund and will be applied by the Trustee, at the direction of the Company, (a) to the 
purchase of Bonds at such price and on the terms directed by the Company, (b) to the partial redemption of 
Bonds, at par, on the next principal payment date occurring after the Completion Date for the Facility, or 
(c) to the payment of principal or interest on any of the Bonds; provided, that in all cases the Trustee has 
received an Opinion of Bond Counsel to the effect that any such payment or redemption will not cause 
interest on the Bonds to be includable in gross income for federal income tax purposes.  See “THE BONDS 
– Redemption – Excess Proceeds Redemption.” 

Investments 

Except as described below, any moneys held in the Construction Fund and the Bond Fund may be 
separately invested and reinvested by the Trustee at the request of and as directed in writing by an 
Authorized Representative of the Company to the extent such investments are permitted by law, in 
Permitted Investments.  All such investments will be held by or under the control of the Trustee and while 
so held will be deemed a part of the particular Fund in which held.  Except as otherwise provided in the 
Indenture, the interest accruing thereon and any profit realized from such investments will be credited to 
such Fund and any loss resulting from such investments will be charged to such Fund. 

Moneys held in the Bond Fund must be invested in securities and obligations maturing not later 
than the dates on which such moneys will be needed to pay principal of or interest on the Bonds. 

Such investments will be considered as maturing on the date on which they are redeemable without 
penalty at the option of the holder or the date on which the Trustee may require their repurchase pursuant 
to a repurchase agreement. 

For the purpose of determining the amount on deposit to the credit of any such fund or account, 
obligations purchased as an investment of moneys therein will be valued semiannually at the lower of the 
purchase price or the then-current market value thereof, inclusive of accrued interest. 

Discharge of Indenture 

If the Issuer pays or causes to be paid to the holders and Owners of the Bonds the principal, 
premium, if any, and interest to become due thereon at the times and in the manner stipulated therein and 
if the Issuer keeps, performs and observes all and singular the covenants and promises in the Bonds and in 
the Indenture expressed as to be kept, performed and observed by it on its part, then the estate and rights 
granted by the Indenture will cease, terminate and be discharged.  Such cancellation and discharge of the 
Indenture will not terminate the powers and rights granted to the Trustee with respect to the payment, 
registration of transfer and exchange of Bonds or the rights of the Trustee under the Indenture. 

Any Bond will be deemed to be paid when payment of the principal of and premium, if any, and 
interest on such Bond (whether at maturity or upon redemption or otherwise), either (a) has been made or 
caused to be made in accordance with the terms thereof, or (b) has been provided for by irrevocably 
depositing with the Trustee, in trust and irrevocably setting aside exclusively for such payment, (i) moneys 
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sufficient to make such payment or (ii) Government Obligations (provided that such deposit will not affect 
the tax-exempt status of the interest on any of the Bonds or cause any of such Bonds to be classified as 
arbitrage bonds within the meaning of Section 148 of the Code as evidenced by an Opinion of Bond Counsel 
delivered to the Trustee), maturing as to principal and interest in such amount and at such times as will 
provide sufficient moneys to make such payment and to redeem such Bonds, and all necessary and proper 
fees, compensation and expenses of the Trustee pertaining to the Bonds with respect to which such deposit 
is made and all other liabilities of the Company under the Loan Agreement have been paid or the payment 
thereof provided for to the satisfaction of the Trustee in its sole discretion.  The Trustee may rely on a 
verification report of an Independent Auditor as to the sufficiency of Government Obligations to pay all 
such amounts. 

Notwithstanding the fact that the lien of the Indenture upon the Trust Estate may have been 
discharged and cancelled in accordance with the paragraphs above, the Indenture and the rights granted and 
duties imposed by the Indenture, to the extent not inconsistent with the fact that the lien upon the Trust 
Estate has been discharged and cancelled, shall nevertheless continue and subsist, as provided in the 
Indenture, until all amounts owing to the Trustee and the principal of, premium, if any, and interest of all 
the Bonds shall have actually been paid. 

Events of Default 

Each of the following events constitutes an Event of Default under the Indenture: 

(a) Default in the due and punctual payment of any interest on any Bond; 

(b) Default in the due and punctual payment of the principal of any Bond (whether at the stated 
maturity thereof, upon acceleration or call for redemption or otherwise); 

(c) Subject to the last paragraph of this section below, failure to perform or observe any other 
of the covenants, agreements or conditions contained in the Indenture, or in the Bonds, and continuance 
thereof for a period of 30 days after written notice specifying such failure and requesting that it be remedied, 
has been received by the Issuer and the Company from the Trustee; and 

(d) The occurrence of an “Event of Default” under the Loan Agreement or the Guaranty (as 
such term is defined in those agreements). 

No default specified in paragraph (c) above on the part of the Issuer shall constitute an Event of 
Default until (a) notice of such default shall be given (1) by the Trustee to the Issuer and the Company or 
(2) by the holders of 50% in aggregate principal amount of Bonds then outstanding to the Trustee, the Issuer 
and the Company, and (b) the Issuer and the Company shall have had 30 days after such notice to correct 
such default or cause such default to be corrected, and shall not have corrected such default or caused such 
default to be corrected within such period.  With regard to any alleged default by a party other than the 
Company concerning which notice is given to the Company under this section, the Company may, in its 
discretion, remedy such alleged default by performing any covenant, condition or agreement the 
nonperformance of which is alleged in such notice to constitute a default. 

Remedies 

Upon the occurrence of an Event of Default, the Trustee may, and if requested by the holders of 
50% in aggregate principal amount of Bonds then outstanding must, upon receipt of indemnification 
reasonably satisfactory to it, by notice to the Issuer, declare the entire unpaid principal of and interest on 
the Bonds due and payable and, thereupon, the entire unpaid principal of and interest on the Bonds will 
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forthwith become due and payable.  Upon any such declaration the Issuer shall forthwith pay to the holders 
of the Bonds the entire unpaid principal of and accrued and unpaid interest on the Bonds, but only from the 
Trust Estate.  Upon the occurrence of an Event of Default and a declaration of acceleration under the 
Indenture, the Trustee as assignee of the Issuer will promptly exercise the option under the Note and the 
Loan Agreement to declare all installments on the Note to be immediately due and payable and to take any 
or all of such remedies provided in the Loan Agreement. 

In addition to acceleration of the Bonds, on the occurrence and continuance of any Event of Default, 
the Trustee in its discretion may, and on the written direction of Owners of not less than 50% in aggregate 
principal amount of the Bonds and receipt of indemnity to its satisfaction as provided in the Indenture, 
must, in its own name and as the trustee of an express trust: 

(a) by mandamus, or other suit, action or proceeding at law or in equity, enforce all rights as 
the holder of the Note, and carry out any agreements with or for the benefit of the bondholders and to 
perform its duties under the Indenture, the Guaranty and the Project Agreements; and 

(b) take whatever action at law or in equity may appear necessary or desirable to enforce its 
rights against the Company under the Loan Agreement and the Note;  

No remedy conferred by the Indenture upon or reserved to the Trustee or to the Bondholders is 
intended to be exclusive of any other remedy, but each such remedy will be cumulative and will be in 
addition to any other remedy given to the Trustee or the Bondholders under the Indenture or thereafter 
existing at law or in equity or by statue. 

No delay or omission to exercise any right or power accruing upon any default or Event of Default 
will impair any such right or power or will be construed to be a waiver of any such default or Event of 
Default or acquiescence therein, and every such right and power may be exercised from time to time and 
as often as may be deemed expedient. 

No waiver of any default or Event of Default under the Indenture, whether by the Trustee pursuant 
to the Indenture, or by the Owners, will extend to or effect any subsequent default or Event of Default or 
will impair any rights or remedies consequent thereon. 

Notwithstanding the percentage of holders required for action otherwise set forth in the Indenture, 
the holders of a majority in aggregate principal amount of Bonds then outstanding will have the right, at 
any time, by an instrument or instruments in writing executed and delivered to the Trustee, to direct the 
method and place of conducting all proceedings to be taken in connection with the enforcement of the terms 
and conditions of the Indenture or for the appointment of a receiver or any other proceedings under the 
Indenture; provided, however, that such direction may not be otherwise than in accordance with the 
provisions of law and the Indenture. 

All moneys received by the Trustee pursuant to any right given or action taken under the provisions 
of the Indenture will, after payment of the cost and expenses of the proceedings resulting in the collection 
of such moneys and of the fees, expenses, liabilities and advances incurred or made by the Trustee 
(including fees and expenses of Trustee’s counsel), and the fees and expenses of the Issuer in carrying out 
the Indenture or the Loan Agreement, be deposited in the Bond Fund and applied as set forth in the 
Indenture. 

Except as otherwise provided in the Indenture, no owner of any Bond will have any right to institute 
any suit, action or proceeding in equity or at law for the enforcement of the Indenture or for the execution 
of any trust thereof or any other remedy thereunder, unless (a) a default has occurred of which the Trustee 
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has been notified as provided in the Indenture, or of which it is deemed to have notice, (b) such default has 
become an Event of Default and the Owners of 50% in aggregate principal amount of Bonds then 
outstanding have made written request to the Trustee and have offered it reasonable opportunity either to 
proceed to exercise the powers granted in the Indenture or to institute such action, suit or proceeding in its 
own name, (c) they have offered to the Trustee indemnity as provided in the Indenture, (d) the Trustee for 
60 days after such notice fails or refuses to exercise the powers granted in the Indenture, or to institute such 
action, suit or proceeding in its own name or in the name of such Owners, (e) no direction inconsistent with 
such request has been given to the Trustee during such 60 day period by the Owners of a majority in 
aggregate principal amount of Bonds then outstanding, and (f) notice of such action, suit or proceeding is 
given to the Trustee. 

The Trustee may in its discretion waive any Event of Default under the Indenture and its 
consequences and rescind any declaration of maturity or principal of and interest on the Bonds and the 
Note, and must do so upon the written request of the Owners of (a) a majority in aggregate principal amount 
of Bonds then outstanding in respect of which default on the payment of principal and/or premium if any, 
and/or interest exists, or (b) a majority in aggregate principal amount of Bonds then outstanding in the case 
of any other default; provided, however, that 

 (1) there will not be waived without the consent of the owner of each Bond then 
outstanding and affected thereby 

 (a) any default in the payment of the principal of any outstanding Bonds 
whether at maturity or by mandatory redemption), or 

 (b) any default in the payment when due of the interest on any such Bonds 
unless, prior to such waiver or rescission, 

 (i) there has been paid or provided for all arrears of interest at the rate 
borne by the Bonds on overdue installments of principal, all arrears of payments 
of principal when due and all expenses of the Trustee in connection with such 
default, and 

 (ii) in case of any such waiver or rescission, or in case of the 
discontinuance, abandonment or adverse determination of any proceeding taken 
by the Trustee on account of any such default, the Trustee and the bondholders will 
be restored to their respective former positions and rights under the Indenture, and 

 (2) no declaration of maturity under the Indenture made at the request of the holders 
of 50% in aggregate principal amount of Bonds then outstanding will be rescinded unless requested 
by the holders of a majority in aggregate principal amount of Bonds then outstanding. 

No such waiver of rescission shall extend to any subsequent or other default, or impair any right 
consequent thereon. 

Vote of Bondholders 

Notwithstanding anything to the contrary provided herein or in the Indenture, for purposes of 
determining whether a particular action, consent, vote, waiver or instruction has received the requisite 
approval of the Owners of the Bonds, all Series of Bonds shall be considered one class unless the proposed 
action, consent, vote, waiver or instruction affects only one or more particular Series, in which case only 
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such Series shall be considered for purposes of determining whether the requisite approval has been 
received. 

Additional Bonds 

Pursuant to the Indenture, the Issuer will covenant that it will not issue any Bonds or other 
obligations payable from the Bond Fund or otherwise payable from or secured by the Loan Agreement, 
other than the Bonds, as applicable, except that the Issuer may issue Additional Bonds pursuant to the 
provisions described below. 

The Issuer will reserve the right to issue one or more series of Additional Bonds ranking equally as 
to lien of the Issuer on the Trust Estate (exclusive of any trust funds created for the sole benefit of the 
holders of Additional Bonds theretofore issued) securing the Bonds and any Additional Bonds theretofore 
issued, for the purpose of (a) providing financing for expansions, enhancements, modifications or 
replacements to the Facility, (b) paying for capital expenditures relating to the Project, (c) paying the usual 
and necessary expenses incurred and to be incurred incident to accomplishing the foregoing or (d) 
refinancing any Bonds issued under the Indenture, provided that in each instance all of the following 
conditions are met: 

(a) At the time of issuance and sale of such Additional Bonds, the Company is not in default 
under the Loan Agreement, the Issuer is in compliance all the terms and conditions contained in the 
Indenture and any Supplemental Indenture pursuant to which Additional Bonds have been issued, and the 
Guarantor is in compliance with the applicable provisions of the Guaranty and such provisions are in effect.  
See “THE LOAN AGREEMENT AND THE NOTE - Financial Covenants of the Company - Limitation 
on Indebtedness.” 

(b) The Company, the Issuer and the Trustee, as applicable, must enter into a contract or an 
amendment or supplement to the Loan Agreement reaffirming all applicable provisions of the Loan 
Agreement and any other contract or contracts providing for issuance of Additional Bonds, and further 
obligating the Company to pay to the Issuer amounts sufficient to pay the principal of, premium, if any, and 
interest on all Bonds then outstanding and on the Additional Bonds proposed to be issued. 

(c) The Issuer and the Trustee must execute and deliver a Supplemental Indenture adding such 
Additional Bonds to the Bonds secured by the Indenture and the Loan Agreement and the Issuer, the 
Company and the Trustee, as applicable, must enter into an amendment or supplement to the Loan 
Agreement, authorizing such Additional Bonds and expressly providing that, for all purposes of the 
Indenture and the Loan Agreement, the Project will include the facilities being financed by the Additional 
Bonds. 

(d) The Supplemental Indenture to be executed by the Issuer and the Trustee authorizing 
issuance of such Additional Bonds will recite that all of the above requirements have been met, must 
authorize the issuance of such Additional Bonds and provide among other things, the principal amount of 
the Additional Bonds to be issued, the date such Additional Bonds are issued, their rate or rates of interest, 
and their maturity dates, which may not extend beyond the termination date of the Loan Agreement, as it 
may have theretofore been extended, and redemption provisions.  No such Supplemental Indenture may in 
any way diminish or postpone the amounts provided in the Indenture, as it may have theretofore been 
amended and supplemented in connection with the issuance of Additional Bonds, to be paid into and 
maintained in the Bond Fund created under the Indenture or under any Supplemental Indenture, and will 
require the Issuer to increase the payments then being made into the Bond Fund to the amounts necessary 
to pay the scheduled principal of and interest on all Bonds to be outstanding.  Any such Supplemental 
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Indenture will restate and reaffirm, by reference, all of the applicable terms, conditions and provisions of 
the Indenture. 

(e) The proceeds of any Additional Bonds authorized to be issued must be used only for the 
purpose of (i) providing financing for expansions, enhancements, modifications or replacements to the 
Facility, (ii) paying for capital expenditures relating to the Project, (iii) paying the usual and necessary 
expenses incurred and to be incurred incident to accomplishing any of the foregoing or (iv) refinancing any 
Bonds issued under the Indenture. 

(f) The Supplemental Indenture will provide for the deposit of the net proceeds from the sale 
of the Additional Bonds in a manner consistent with the use of the proceeds set forth in the supplement to 
the Loan Agreement. 

(g) Each series of Additional Bonds will rank pari passu and be equally and ratably secured 
under the Indenture and the Loan Agreement, with the Bonds and all series of Additional Bonds, if any, 
theretofore issued and then outstanding, without preference, priority or distinction of any Bonds over any 
other thereof. 

Supplemental Indentures 

The Issuer and the Trustee may, without the consent of, or notice to, any of the Owners of Bonds, 
enter into an indenture or indentures supplemental to the Indenture: 

(a) to cure any ambiguity or formal defect or omission in the Indenture; 

(b) to grant to or confer upon the Trustee for the benefit of the bondholders any additional 
rights, remedies, powers or authority that may lawfully be granted to or conferred upon the bondholders or 
the Trustee or either of them; 

(c) to subject to the Indenture additional revenues, properties or collateral; 

(d) to modify, amend or supplement the Indenture in such manner as required to permit the 
qualification thereof under the Trust Indenture Act of 1939, as amended, or any similar federal statute 
subsequently in effect, to permit qualification of the Bonds for sale as exempt securities or in exempt 
transactions under the Securities Act, the Exchange Act, or the securities laws of any state or to avoid 
registration under the Investment Company Act of 1940, as amended, or any similar federal statute 
subsequently in effect, or to permit compliance with the Code; and 

(e) to make any other change therein which, in the opinion of outside counsel to the Company 
or the Guarantor, will not prejudice in any material respect the rights of the Owners of the Bonds then 
outstanding. 

The Owners of a majority in aggregate principal amount of Bonds then outstanding will have the 
right from time to time to consent to and approve the execution by the Issuer and the Trustee of such other 
indenture or indentures supplemental to the Indenture as deemed necessary or desirable by the Issuer for 
the purpose of modifying, altering, amending, adding to or rescinding, in any particular, any of the terms 
or provisions contained in the Indenture or in any supplemental indenture; provided, however, that nothing 
in the Indenture will permit, or be construed as permitting, without the consent and approval of the Owners 
of all the Bonds then outstanding (i) an extension of the maturity of the principal of or the interest on any 
Bond, (ii) a reduction in the principal amount of, or premium, if any, on any Bond or the rate of interest 
thereon, (iii) a privilege or priority of any Bond or Bonds over any other Bond or Bonds, (iv) a reduction 
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in the aggregate principal amount of Bonds required for consent to such supplemental indenture, or (v) a 
reduction in the payment obligations of the Company under the Note and the Loan Agreement. 

The Issuer and the Trustee may enter into any indenture supplemental to the Indenture upon receipt 
of the consent of the holders of all Bonds then outstanding and, if required by the Indenture, the consent of 
the Company. 

A supplemental indenture which affects any rights of the Company will not become effective until 
the Company has consented to the execution and delivery of such supplemental indenture. 

The Trustee will not execute any indenture supplemental to the Indenture unless there has been 
filed with the Trustee an Opinion of Bond Counsel stating that such supplemental indenture is authorized 
or permitted by the Indenture and complies with its terms and that upon execution it will be valid, binding 
and enforceable upon the Issuer in accordance with its terms, and that it will not have an adverse impact on 
the exclusion of the interest on any Bonds from gross income for federal income tax purposes. 

Amendments to Loan Agreement, Note and Guaranty 

The Issuer and the Trustee may, without the consent of or notice to the Owners of the Bonds, 
consent to any amendment, change or modification of the Loan Agreement, the Note or the Guaranty as 
may be required: 

(a) by the provisions of the Loan Agreement, the Note, the Guaranty or the Indenture; 

(b) for the purpose of curing any ambiguity or formal defect or omission therein; 

(c) in connection with the Project described in the Loan Agreement so as to identify the same 
more precisely; and 

(d) in connection with any other change therein, which, in the opinion of outside counsel to 
the Company or the Guarantor, will not prejudice in any material respect the rights of the Owners of the 
Bonds then outstanding. 

Except for amendments, changes or modifications described above, neither the Issuer nor the 
Trustee may consent to any amendment, change or modification of the Loan Agreement, the Note or the 
Guaranty without the written approval or consent of the Owners of a majority in aggregate principal amount 
of Bonds then outstanding. 

No amendment, change or modification of the Loan Agreement, the Note or the Guaranty may 
decrease the obligation of the Company or the Guarantor, respectively, under the Note or the Guaranty to 
pay amounts sufficient to pay the principal of, premium, if any, and interest on the Bonds as the same 
become due. 

The Issuer and the Trustee may consent to any amendment, change or modification of the Loan 
Agreement, the Note or the Guaranty upon receipt of the consent of the Owners of all Bonds then 
outstanding. 

The Trustee may not execute any amendment, change of modification to the Loan Agreement, the 
Note or the Guaranty unless there has been filed with the Trustee an Opinion of Bond Counsel stating that 
such proposed amendment, change or modification is authorized or permitted by the Indenture, the Loan 
Agreement, the Note or the Guaranty and complies with its terms and that upon execution it will be valid 
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and binding upon the party or parties executing it in accordance with its terms, and that it will not have an 
adverse impact on the exclusion of interest on the Bonds from gross income for federal income tax purposes. 

The Trustee 

The Trustee, prior to the occurrence of any Event of Default and after the curing of all Events of 
Default which may have occurred, will undertake to perform such duties and only such duties as are 
specifically set forth in the Indenture.  In case an Event of Default has occurred (which has not been cured 
or waived), the Trustee will exercise such of the rights and powers vested in it by the Indenture, and use the 
same degree of care and skill in their exercise, as a prudent man would exercise or use in the circumstances 
in the conduct of his own affairs. 

Prior to taking any action under the Indenture, the Loan Agreement, the Guaranty, or other related 
instrument, the Trustee may require that indemnification satisfactory to it in its sole discretion be furnished 
to it for the reimbursement of all its expenses and to protect it against all liability by reason of any action 
so taken, except liability which is adjudicated to have resulted from the Trustee’s gross negligence or willful 
misconduct. 

The Trustee and any successor Trustee may at any time resign from the trusts created by the 
Indenture by giving 30 days’ notice to the Issuer, the Company, and each registered owner of Bonds then 
outstanding.  Such resignation will take effect at the end of such 30 days, or upon the earlier appointment 
of a successor Trustee.  In the event no successor Trustee is appointed pursuant to the terms of the Indenture 
within 30 days of the Trustee’s resignation, the Trustee shall have the right to petition a court of competent 
jurisdiction for appointment of a successor Trustee and resignation shall become effective upon designation 
of such successor Trustee. 

So long as no Event of Default has occurred and is continuing under the Indenture, the Trustee may 
be removed at any time by (i) the Company, with the consent of the Issuer, which consent may not be 
unreasonably withheld; or (ii) by the Issuer, with the consent of the Company, by delivery to the Trustee of 
a written instrument signed by both the Issuer and the Company; or (iii) by the Owners of a majority in 
principal amount of Bonds then outstanding.  Following an Event of Default, the Trustee may be removed 
only by the Owners of a majority in principal amount of the Bonds then outstanding, by delivery to the 
Trustee, the Issuer and the Company of an instrument or concurrent instruments signed by such Owners.  
Such removal will take effect only upon the appointment of a successor Trustee or the earlier appointment 
of a temporary Trustee by the Owners or a court of competent jurisdiction. 

The Trustee or any successor to the Trustee must be a national banking association, trust company 
or bank in good standing and have a combined capital, surplus and undivided profits of not less than 
$50,000,000. 

THE GUARANTY 

Certain information with respect to the Guaranty is set forth below.  Reference is made to the 
Guaranty for the detailed provisions thereof.  

Guaranty of Obligations 

The Guarantor will guarantee absolutely, unconditionally and irrevocably to the Trustee and the 
Issuer in the Guaranty the payment and performance of all of the Company’s obligations set forth in the 
Loan Agreement, including but not limited to, the prompt payment when due, whether at Stated Maturity, 
by acceleration, redemption or otherwise, of principal of, and interest and premium (if any) on the Bonds 
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and all other amounts payable by the Company pursuant to the Loan Agreement, including all renewals, 
extensions, modifications and refinancings thereof whether for principal, interest, fees, expenses or 
otherwise, and all expenses (including reasonable attorney’s fees and expenses) incurred by the Trustee in 
enforcing any of its or the Issuer’s rights under the Loan Agreement (collectively, the “Guaranteed 
Obligations”). 

The Guaranty provides that it is absolute, unconditional and irrevocable, guaranteeing prompt 
payment and performance of the Guaranteed Obligations strictly in accordance with the terms of the 
documents under which they arise.  The Guaranty further provides that it is a guaranty of payment and 
performance and not of collection, and that the liability of the Guarantor thereunder will be immediate and 
primary, and not contingent upon the exercise or enforcement by the Trustee of any remedies it may have 
against the Company or any other person or the enforcement of any lien or realization upon any collateral 
the Trustee may at any time possess for any of the Guaranteed Obligations. 

Guarantor Covenants 

For so long as the Guaranty is in effect, the Guarantor will expressly covenant and agree as follows: 

Limitation on Indebtedness.  Neither the Guarantor, nor any of its Subsidiaries, shall directly or 
indirectly, create, incur, assume or otherwise become or remain liable with any indebtedness that is senior 
in right of payment to the Guaranteed Obligations.  Nothing in the Guaranty restricts the Guarantor or any 
of its Subsidiaries from pledging any collateral to any other Indebtedness it now has or may in the future 
incur. 

Limitation on Restricted Payments.  The Guarantor will not, and will not permit any Subsidiary 
to, directly or indirectly, make any Restricted Payment if at the time of such Restricted Payment or after 
giving effect thereto an Event of Default or an event that, after the giving of notice or lapse of time or both 
would become an Event of Default, shall have occurred and be continuing; provided, however, that the 
foregoing shall not prohibit (i) Restricted Payments made in the form of Capital Stock of the Guarantor and 
(ii) dividends or other distributions by any Subsidiary ratably to the holders of such Subsidiary’s Capital 
Stock. 

Restrictions on Mergers, Consolidations and Sales of Assets. 

(a) The Guarantor must at all times during the term of the Guaranty maintain its corporate 
existence and may not consolidate with, merge with or into, or transfer all or substantially all of its assets 
(as an entirety or substantially an entirety in one transaction or a series of related transactions) to any Person 
unless: 

(i) the Guarantor is the continuing Person, or the Person (if other than the Guarantor) 
formed by such consolidation or into which the Guarantor is merged or to which properties and 
assets of the Guarantor are transferred expressly assumes in writing all of the Guaranteed 
Obligations; 

(ii) immediately after giving effect to such transaction, no Event of Default or event 
or condition which through the giving of notice or lapse of time or both would become an Event of 
Default has occurred and is continuing; and 

(iii) the rating on the Bonds are confirmed at no lower than the ratings prior to such 
transaction. 
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(b) Notwithstanding the foregoing, the provisions described in clause (a) above will not 
prohibit a transaction, the principal purpose of which is (as determined in good faith by the Board of 
Directors and evidenced by a Board resolution) to change the country of incorporation of the Guarantor, if 
such transaction does not have as one of its purposes the evasion of the limitations imposed by the 
provisions described above. 

Notices.  The Guarantor agrees to notify the Trustee and the Issuer immediately upon the 
occurrence of (a) any Event of Default of which the Guarantor has knowledge and (b) any failure by the 
Guarantor to comply with its covenants under the Guaranty. 

Financial Records and Statements; Other Guarantor Covenants 

The Guarantor is required to maintain proper books of record and account, in which full and correct 
entries will be made in accordance with IFRS and with Part 9 of Book 2 of the Dutch Civil Code, of all of 
the business and affairs of the Guarantor and its Subsidiaries.  The Guarantor is required to have an annual 
audit performed by the Independent Auditor in accordance with Dutch law, including the Dutch Standards 
on Auditing and, within 120 days after the end of each of its Fiscal Years, must furnish the Trustee a copy 
of such audited financial statements, all determined on a consolidated basis for the Guarantor and its 
consolidated Subsidiaries in accordance with IFRS and certified by such accountant. 

The Guarantor is also required to furnish the Trustee within 60 days of the end of each quarterly 
fiscal period which is not also the end of a Fiscal Year, a copy of the unaudited financial statements (in 
form and substance equivalent to those which the Guarantor has publicly disclosed on its website for the 
fiscal period ended March 31, 2019), which statements need not be audited, reviewed or certified by the 
Independent Auditor. 

The Fiscal Year end and quarterly statements delivered to the Trustee must be accompanied by an 
Officer’s Certificate to the effect that, as of the date of such statements and as of the date of such certificate, 
no Event of Default has occurred under the Guaranty and that no event exists which, with the passage of 
time or giving of notice, would result in such Event of Default.  The Guarantor is required to give prompt 
notice of the occurrence of any such event or Event of Default. 

The Guarantor will not permit the Guaranteed Obligations to be subordinated to any other 
obligations guaranteed by the Guarantor. 

Defaults 

Under the Guaranty “Event of Default” means: 

(a) failure to pay principal or interest on the Bonds when due; 

(b) except for its obligations set forth in (a) above, failure of the Guarantor to comply with its 
covenants under the Guaranty if such failure continues unremedied for 30 days after written notice thereof 
has been given to the Guarantor by the Trustee or the holders of not less than 50% of the outstanding 
principal amount of the Bonds provided that, if such failure is not susceptible of cure within 30 days and 
the Guarantor has commenced and is diligently pursuing a cure, such 30 day period will be extended for an 
additional sixty (60) days; 

(c) an event of default, as defined in any indenture or instrument evidencing or under which 
the Guarantor or any Subsidiary has at the date of the Guaranty or subsequently has outstanding any 
Indebtedness, has happened and is continuing and either: 
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(i) such default results from the failure to pay principal of such Indebtedness in excess 
of $20,000,000 at final maturity of such Indebtedness; or 

(ii) as a result of such default, the maturity of such Indebtedness has been accelerated 
so that the same has become due and payable prior to the date on which the same would otherwise 
have become due and payable, and such acceleration has not been rescinded or annulled within 30 
days after notice thereof has been given to the Company by the Trustee or the holders of at least 
50% in aggregate principal amount of the Bonds at the time outstanding or the principal amount of 
such Indebtedness of the Guarantor or any Subsidiary in default, and the maturity of which has 
been accelerated aggregates $20,000,000 or more, provided that: 

(x) if such event of default under such indenture or instrument is remedied or 
cured by the Guarantor or otherwise or waived by the holders of such Indebtedness, then 
the Event of Default under the Guaranty by reason thereof (so long as no acceleration of 
the maturity of the Bonds has occurred) will be deemed likewise to have been thereupon 
remedied, cured or waived (without further action upon the part of either the Trustee or 
any of the holders), and 

(y) such default will not be an Event of Default if such Indebtedness is non-
recourse to the Guarantor or the Company in respect of the amounts not paid or due upon 
acceleration;  

(d) the commencement of voluntary bankruptcy proceedings with respect to the Guarantor or 
the failure by the Guarantor, within 60 days after the commencement of any involuntary bankruptcy 
proceedings against it, to have such proceedings dismissed or stayed;  

(e) a judgment or order for the payment of money is rendered against the Guarantor or any 
Subsidiary for an amount in excess of $20,000,000 (excluding the amount thereof covered by insurance or 
by a bond written by third parties) individually or in the aggregate for all such judgments or orders against 
all such Persons (treating any deductibles, self-insurance or retentions as not so covered) that is not 
discharged or waived, and all such judgments and orders remain outstanding and there is any period of 30 
consecutive days following entry of such judgment or order which causes the aggregate amount to exceed 
$20,000,000 during which a stay of enforcement of such judgment or order by reason of a pending appeal 
or otherwise, is not in effect; provided that such a judgment or order will not be an Event of Default if such 
judgment or order is: (1) against a Subsidiary other than the Company; and (2) does not require any payment 
by the Guarantor; or 

(f) an Event of Default has occurred under the Loan Agreement or the Indenture. 

TAX MATTERS 

Federal Income Taxes 

In the opinion of Frost Brown Todd LLC, Bond Counsel, under federal statutes, decisions, 
regulations and rulings, interest on the Bonds is excludable from gross income for purposes of federal 
income taxation pursuant to Section 103 of the Internal Revenue Code of 1986, as amended (the “Code”), 
except for interest on any Bond for any period during which such Bond is held by a “substantial user” of 
the facilities financed by the Bonds, or a “related person” within the meaning of Section 147(a) of the Code.  
Interest on the Bonds is a specific item of tax preference under Section 57 of the Code for purposes of 
computing the federal alternative minimum tax. 
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Section 103 of the Code provides generally that the interest on an issue of bonds, the proceeds of 
which will be used to finance qualifying solid waste disposal facilities within the meaning of Section 
142(a)(6) of the Code and related regulations, will be excluded from the gross income of the holders thereof.  
The Code imposes various restrictions, conditions and requirements applicable to such bonds, including the 
use and investment of the proceeds of the bonds, the maturity of and security for the bonds, the procedure 
for issuance of the bonds, the payment to the United States of certain amounts earned from investment of 
proceeds of the bonds, and filings with the IRS with respect to the bonds. Frost Brown Todd LLC has 
determined that the Bonds meet the requirements of the Code in reliance on the covenants and certifications 
of the Issuer and the Company, including covenants of continuing compliance with the requirements of the 
Code to ensure that interest on the Bonds will not be includable in gross income for federal tax purposes.  
Failure by the Issuer or the Company to comply with such covenants or the inaccuracy of such certificates 
could cause interest on the Bonds to be subject to federal income tax from the date of issuance of the Bonds 
or as of some later date.  Frost Brown Todd LLC has not undertaken to determine or to inform any person 
whether any actions taken or not taken or events occurring or not occurring after the date of issuance of the 
Bonds may affect the tax status of interest on the Bonds. 

Interest on the Bonds may be subject to a federal branch profits tax imposed on certain foreign 
corporations doing business in the United States and to a federal tax imposed on excess net passive income 
of certain S corporations.  Under the Code, the exclusion of interest from gross income for federal income 
tax purposes may have certain adverse federal income tax consequences on items of income, deduction or 
credit for certain taxpayers, including financial institutions, certain insurance companies, recipients of 
Social Security and Railroad Retirement benefits, those that are deemed to incur or continue indebtedness 
to acquire or carry tax-exempt obligations, and individuals otherwise eligible for the earned income tax 
credit.  The applicability and extent of these and other tax consequences will depend upon the particular tax 
status or other tax items of the owner of the Bonds.  Bond Counsel will express no opinion regarding those 
consequences. 

The form of the opinion of Frost Brown Todd LLC is set forth in Appendix D hereto. 

State Taxes 

In the opinion of Frost Brown Todd LLC, under existing laws, interest on, and any profit made on 
the sale, exchange or other disposition of, the Bonds is exempt from the Ohio personal income tax, the Ohio 
commercial activity tax, the net income base of the Ohio corporate franchise tax, and municipal, school 
district, and joint economic development district income taxes in the State of Ohio.   

The form of the opinion of Frost Brown Todd LLC is set forth in Appendix D hereto. 

Risk of Future Legislative Changes and/or Court Decisions 

Legislation affecting tax-exempt obligations is regularly considered by the United States Congress 
and may also be considered by the State legislature.  Court proceedings may also be filed, the outcome of 
which could modify the tax treatment of obligations such as the Bonds.  There can be no assurance that 
legislation enacted or proposed, or actions by a court, after the date of issuance of the Bonds will not have 
an adverse effect on the tax status of interest or other income on the Bonds or the market value or 
marketability of the Bonds.  These adverse effects could result, for example, from changes to federal or 
state income tax rates, changes in the structure of federal or state income taxes (including replacement with 
another type of tax), or repeal (or reduction in the benefit) of the exclusion of interest on the Bonds from 
gross income for federal income tax purposes or of the Bonds from gross income for state income tax 
purposes for all or certain taxpayers. 
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For example, recent federal tax reform reduced corporate tax rates, modified individual tax rates, 
eliminated and/or reduced many deductions, repealed the federal corporate alternative minimum tax for 
corporate taxable years beginning on and after January 1, 2018, and eliminated tax-exempt advance 
refundings for tax-exempt obligations, among other things.  These reforms and future reforms may increase, 
reduce or otherwise change the financial benefits provided to certain owners of state and local government 
bonds.  Additionally, investors in the Bonds should be aware that future legislative actions (including 
additional federal tax reform) may retroactively change the treatment of all or a portion of the interest on 
the Bonds for federal income tax purposes for all or certain taxpayers.  In such event, the market value of 
the Bonds may be affected and the ability of holders to sell their Bonds in the secondary market may be 
reduced.  The Bonds are not subject to special mandatory redemption, and the interest rates on the Bonds 
are not subject to adjustment, in the event of any such change in the tax treatment of interest on the Bonds.  
Frost Brown Todd LCC expresses no opinion regarding any pending or proposed federal tax legislation. 

Investors should consult their own financial and tax advisers to analyze the importance of these 
risks. 

Original Issue Premium 

The Bonds have been offered and sold to the public at a price in excess of their stated redemption 
price (the principal amount) at maturity (the “Premium Bonds”).  That excess constitutes bond 
premium.  For federal income tax purposes, bond premium is amortized over the period to maturity of a 
Premium Bond, based on the yield to maturity of that Premium Bond (or, in the case of a Premium Bond 
callable prior to its stated maturity, the amortization period and yield may be required to be determined on 
the basis of an earlier call date that results in the lowest yield on that Premium Bond), compounded 
semiannually.  No portion of that bond premium is deductible by the owner of a Premium Bond.  For 
purposes of determining the owner's gain or loss on the sale, redemption (including redemption at maturity) 
or other disposition of Premium Bond, the owner's tax basis in the Premium Bond is reduced by the amount 
of bond premium that is amortized during the period of ownership.  As a result, an owner may realize 
taxable gain for federal income tax purposes from the sale or other disposition of a Premium Bond for an 
amount equal to or less than the amount paid by the owner for that Premium Bond.  A purchaser of a 
Premium Bond in the initial public offering at the price for that Premium Bond stated on the Cover of this 
Official Statement who holds that Premium Bond to maturity (or, in the case of a callable Premium Bond, 
to its earlier call date that results in the lowest yield on that Premium Bond) will realize no gain or loss 
upon the retirement of that Premium Bond. 

Owners of Premium Bonds should consult with their own tax advisers as to the determination for 
federal income tax purposes of the amount of bond premium properly accruable or amortizable in any 
period with respect to the Premium Bonds and as to other federal tax consequences and the treatment of 
bond premium for purposes of state and local taxes on, or based on, income. 

CONTINUING DISCLOSURE 

No financial or operating data concerning the Issuer is material to any decision to purchase, hold 
or sell the Bonds and the Issuer will not provide any such information.  The Company and the Guarantor 
have undertaken all responsibilities for any continuing disclosure to Bondholders as described below, and 
the Issuer will have no liability to the Bondholders or any other person with respect to such disclosures. 

The Company and the Guarantor have covenanted for the benefit of Bondholders to provide certain 
financial information relating to the Guarantor by not later than 120 days following the end of the 
Guarantor’s Fiscal Year beginning with the Fiscal Year ending December 31, 2019 (the “Annual Report”), 
to provide certain quarterly financial data relating to the Guarantor and to provide notices of the occurrence 
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of certain enumerated events, in accordance with the requirements of Rule 15c2-12, as amended, under the 
Securities Exchange Act of 1934.  The Annual Report, the quarterly financial data and notices of material 
events, if any, will be filed by the Company or the Guarantor with the MSRB in an electronic format as 
prescribed by the MSRB.  The specific nature of the information to be contained in the Annual Report, the 
quarterly financial data and the notices of material events is set forth in “APPENDIX E – CONTINUING 
DISCLOSURE AGREEMENT.” 

Neither the Company nor the Guarantor has any prior continuing disclosure undertakings. 

LEGAL MATTERS 

Certain legal matters incident to the authorization, issuance and sale of the Bonds, and with regard 
to the tax status of the interest thereon, are subject to the approving opinion of Frost Brown Todd, LLC, 
Columbus, Ohio, as Bond Counsel.  Certain legal matters will be passed upon for the Issuer by Dinsmore 
& Shohl LLP, Cincinnati, Ohio.  Certain legal matters will be passed upon for the Company and the 
Guarantor by Vorys, Sater, Seymour and Pease LLP, Akron, Ohio and De Brauw Blackstone Westbroek 
N.V., Amsterdam, Netherlands.  Certain legal matters will be passed upon for the Underwriters by Ballard 
Spahr LLP, Philadelphia, Pennsylvania. Certain legal matters will be passed upon for the Trustee by 
Thompson Hine LLP, New York, New York. 

RATINGS 

Moody’s Investors Service (“Moody’s”) has assigned a rating of “B3” to the Bonds.  S&P Global 
Ratings, a division of The McGraw Hill Companies, Inc. (“S&P”) has assigned a rating of “B” to the Bonds.  
Such ratings reflect only the views of such organizations and any desired explanation of the significance of 
such ratings should be obtained from the rating agencies at the following addresses:  Moody’s, 250 
Greenwich Street, New York, New York 10007; and S&P, 55 Water Street, New York, New York 10041. 
There is no assurance that such ratings will prevail for any given period of time or that they will not be 
revised downward or withdrawn entirely by any or all of such rating agencies if, in the judgment of any or 
all of them, circumstances so warrant.  Any such downward revision or withdrawal of such rating or ratings 
may have an adverse effect on the market price of the Bonds.  A securities rating is not a recommendation 
to buy, sell or hold securities and may be subject to revision or withdrawal at any time. 

INDEPENDENT AUDITORS 

The financial statements included in the annual reports of the Guarantor as of and for the years 
ended December 31, 2016, 2017 and 2018, included in this Official Statement, have been audited by KPMG 
Accountants N.V., independent auditor, as stated in their reports appearing herein. 

LITIGATION 

The Issuer 

There is not now pending against the Issuer any litigation restraining or enjoining the issuance or 
delivery of the Bonds or questioning or affecting the validity of the Bonds or the proceedings and authority 
under which they are to be issued.  Neither the creation, organization or existence, nor the title of the present 
officials of the Issuer to their respective offices, is being contested or questioned.  There is no litigation 
pending against the Issuer which in any manner questions the right of the Issuer to enter into the Loan 
Agreement and the Indenture, or to secure the Bonds in the manner provided in the Loan Agreement and 
the Indenture. 
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The Company 

No action, suit, proceeding or investigation is pending against the Company or, to the Company’s 
knowledge, threatened which might materially adversely affect the business or properties or financial 
condition of the Company, or in which an unfavorable decision, ruling or finding would adversely affect 
the validity or enforceability of the Loan Agreement, or any other documents executed by the Company in 
connection with the Bonds, the performance by the Company of any of its obligations thereunder, or the 
consummation of any of the transactions contemplated thereby. 

The Guarantor 

No action, suit, proceeding or investigation is pending against the Guarantor or, to the Guarantor’s 
knowledge, threatened which might materially adversely affect the business or properties or financial 
condition of the Guarantor, or in which an unfavorable decision, ruling or finding would adversely affect 
the validity or enforceability of the Guaranty, or any other documents executed by the Guarantor in 
connection with the Bonds, the performance by the Guarantor of any of its obligations thereunder, or the 
consummation of any of the transactions contemplated thereby. 

UNDERWRITING 

Citigroup Global Markets Inc. and Morgan Stanley & Co. LLC (together, the “Underwriters”) have 
agreed, subject to certain conditions, to purchase the Bonds from the Issuer at a purchase price equal to 
$321,467,697.08 (which is equal to the aggregate principal amount of the Bonds less an underwriting 
discount of $3,528,398.92, plus original issue premium of $17,796,096.00), and initially will offer the 
Bonds to the public at the offering prices stated on the inside cover page of this Official Statement.  The 
Underwriters have agreed to purchase all the Bonds if any Bonds are purchased. 

The Bonds may be offered and sold to certain dealers (including dealers depositing the Bonds into 
investment accounts) and to others at prices lower than the public offering price set forth on the inside cover 
page hereof.  After the Bonds are released for sale to the public, the public offering price and other selling 
terms may from time to time be varied by the Underwriters.  The Company and the Guarantor have agreed 
to indemnify the Underwriters and the Issuer against certain civil liabilities. 

The Underwriters and their respective affiliates are full service financial institutions engaged in 
various activities, which may include securities trading, commercial and investment banking, financial 
advisory, investment management, principal investment, hedging, financing and brokerage services.  The 
Underwriters and their respective affiliates have, from time to time, performed, and may in the future 
perform, various financial advisory and investment banking services for the Company, the Guarantor or the 
Issuer, for which they received or will receive customary fees and expenses.  

In the ordinary course of their various business activities, the Underwriters and their respective 
affiliates may make or hold a broad array of investments and actively trade debt and equity securities (or 
related derivative securities, which may include credit default swaps) and financial instruments (including 
bank loans) for their own account and for the accounts of their customers and may at any time hold long 
and short positions in such securities and instruments. Such investment and securities activities may involve 
securities and instruments of the Company, the Guarantor or the Issuer.  

The Underwriters and their respective affiliates may also communicate independent investment 
recommendations, market color or trading ideas and/or publish or express independent research views in 
respect of such assets, securities or instruments and may at any time hold, or recommend to clients that they 
should acquire, long and/or short positions in such assets, securities and instruments. 
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MISCELLANEOUS 

Any statements in this Official Statement involving matters of opinion, whether or not expressly 
so stated, are intended as such and not as representation of fact.  This Official Statement is not to be 
construed as a contract or agreement between the Issuer, the Company, the Guarantor or the Underwriters 
and the Owners of the Bonds. 

OHIO AIR QUALITY DEVELOPMENT 
AUTHORITY 
 
 
By:           /s/  Christina O’Keeffe  
Name: Christina O’Keeffe 
Title: Executive Director 
 
 
AMG VANADIUM LLC 
 
 
By:           /s/  Hoy E. Frakes, Jr.  
Name: Hoy E. Frakes, Jr. 
Title: President 
 
 
AMG ADVANCED METALLURGICAL 
GROUP N.V. 
 
 
By:           /s/  Jackson M. Dunckel  
Name: Jackson M. Dunckel 
Title: Chief Financial Officer 
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APPENDIX A 

DEFINITIONS 

“Act” means the Constitution and laws of the State, particularly Chapter 3706 of the Ohio Revised 
Code, as amended. 

“Additional Bonds” means the Bonds of the Issuer of one or more series issued pursuant to the 
Indenture. 

“Affiliate” of any Person means any other Person directly or indirectly controlling or controlled by 
or under direct or indirect common control with such Person. For the purposes of this definition “control” 
(including, with correlative meanings, the terms “controlling”, “controlled by” and “under common control 
with”) when used with respect to any Person means the possession, directly or indirectly, of the power to 
direct or cause the direction of the management and policies of such Person, whether through the ownership 
of voting securities, by contract or otherwise. 

“Authorized Denominations” means with respect to the Bonds $100,000 and any integral multiple 
of $5,000 in excess thereof and, with respect to Additional Bonds, such denominations as designated in a 
Supplemental Indenture. 

“Authorized Representative of the Company” or “Authorized Company Representative” means 
such person or persons as may be designated to act on behalf of the Company by a certificate signed by its 
duly authorized officer and filed with the Issuer and the Trustee. 

“Authorized Representative of the Issuer” means such person or persons (other than a 
representative of the Company) as may be designated to act on behalf of the Issuer by a certificate or 
certificates signed by its Executive Director or Secretary-Treasurer and filed with the Company and the 
Trustee. 

“Bankruptcy Code” means the Bankruptcy Code of 1978, as amended (11 U.S.C. § 101 et seq.). 

“Beneficial Owners” means the actual purchasers of the Bonds. 

“Board of Directors” means either the Board of Directors of the Guarantor or any committee of 
such Board duly authorized to act. 

“Bond Counsel” means an attorney at law or a firm of attorneys of nationally recognized standing 
in matters pertaining to the exclusion from gross income for federal income tax purposes of interest on 
bonds issued by states and their political subdivisions, duly admitted to the practice of law before the highest 
court of any state of the United States of America. 

“Bond Documents” means the Indenture, the Loan Agreement, the Note and the Guaranty. 

“Bond Fund” means the Ohio Air Quality Development Authority (AMG Vanadium Project) Bond 
Fund created in the Indenture. 

“Bond Payment Date” means, (i) with respect to the Bonds, each January 1 and July 1, beginning 
with January 1, 2020 and with respect to any Additional Bonds, means the dates specified in a Supplemental 
Indenture relating thereto; and (ii) with respect to any redemption of Bonds under the Indenture, the 
redemption date thereof. 
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“Bond Registrar” means such bond registrar appointed under the Indenture. 

“Bonds” means one or more of any of the revenue bonds of the Issuer issued under the Indenture, 
including the Bonds, Additional Bonds and any Bonds thereafter delivered in lieu of or in substitution for 
such Bonds pursuant to the Indenture. 

“Business Day” means any day on which banks located in New York City, and in the city in which 
the principal corporate trust office of the Trustee is located, are not required or authorized by law to remain 
closed and on which the New York Stock Exchange is not closed. 

“Capital Stock” means, with respect to any Person, any and all shares, interests, participations or 
other equivalents (however designated, whether voting or non-voting) of, or interests in (however 
designated), the equity of such Person which is outstanding or issued on or after the date hereof, including, 
without limitation, all common stock and preferred stock and partnership and joint venture interests of such 
Person. 

“Capitalized Interest Account” means the Capitalized Interest Account in the Bond Fund created 
by the Indenture. 

“Change of Control” means, at any time, any Person or Persons acting in concert, are or become 
the beneficial owner or owners of at least 35% in aggregate of the outstanding ownership interests in the 
Guarantor. 

“Code” means the Internal Revenue Code of 1986, as amended, including, when appropriate, the 
statutory predecessor of the Code, and all applicable regulations thereunder whether proposed, temporary 
or final, including regulations issued and proposed pursuant to the statutory predecessor of the Code, and, 
in addition, all official rulings and judicial determinations applicable to the Bonds under the Code and under 
the statutory predecessor of the Code and any successor provisions to the relevant provisions of the Code 
or regulations. 

“Company” means AMG Vanadium LLC, a Delaware limited liability company, its successors and 
any surviving, resulting or transferee entity as permitted by the Loan Agreement. 

“Construction Fund” means the Ohio Air Quality Development Authority (AMG Vanadium 
Project) Construction Fund created in Section 601 of the Indenture. 

“Costs of the Project” means all costs paid or incurred in connection with the planning, designing, 
acquisition, rehabilitation, construction, equipping, installation and financing of the Project, for which the 
Issuer is authorized to issue Bonds under the Act, and shall include, without limitation:  (a) obligations paid 
or incurred by the Company for labor, materials and other expenses and to contractors, materialmen, and 
servicemen in connection with the construction of the Project; (b) engineering and inspection costs; (c) 
administration expenses paid or incurred in connection with the construction of the Project; (d) issuance 
costs of the Bonds; (e) interest accruing upon the Bonds until the latest date authorized under the Act for 
the use of the proceeds of the sale of the Bonds to pay such interest; (f) all other costs that the Company 
shall be required to pay under the terms of any contract or contracts for the construction of the Project; and 
(g) any other costs or expenses paid or incurred by the Company, and other sums required to reimburse the 
Company for work done by it or advances made by it with respect to the Project which are properly 
chargeable to the capital account of the Company with respect to the Project or would be so chargeable for 
federal income tax purposes either with a proper election or but for a proper election to deduct the same.  
Notwithstanding anything to the contrary, no Costs of the Project shall be permitted to be included within 
this definition unless authorized under the Act. 
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“Debt Service” means (A) with respect to the Bonds: (i) interest due and payable on each Bond 
Payment Date and (ii) principal due and payable thereon (whether at maturity, by redemption or otherwise), 
and (B) with respect to any Additional Bonds:  the payment provisions with respect to interest, redemption 
(optional or mandatory) and principal specified in any Supplemental Indenture relating to Additional 
Bonds. 

“Debt Service Requirements” means, with respect to any particular Fiscal Year, an amount equal 
to Debt Service on the Bonds due and payable during such Fiscal Year (excluding any capitalized interest 
and investment income). 

“DTC” means The Depository Trust Company, New York, New York, or its nominee, or its 
successors and assigns, or any other depository performing similar functions. 

“DTC Indirect Participant” means brokers and dealers, banks and trust companies that clear 
through, or maintain a custodial relationship with, a DTC Participant, either directly or indirectly. 

“DTC Participant” means brokers and dealers, banks, trust companies, clearing corporations and 
certain other organizations on whose behalf DTC was created to hold securities to facilitate the clearance 
and settlement of securities transactions among DTC Participants. 

“Exchange Act” means the Securities Exchange Act of 1934, as amended. 

“Facility” means the solid waste disposal facility consisting of shipping facilities, storage facilities 
for the spent refinery catalyst, a roaster, a melt shop, laboratory and testing facilities as well as 
administrative offices to be constructed and operated by the Company. 

“Fiscal Year” means each twelve month period commencing January 1 and ending December 31, 
or such other period as may be adopted by the Company or the Guarantor, as applicable, as its Fiscal Year. 

“Government Obligations” means (a) obligations of the United States and of its agencies and 
instrumentalities, (b) obligations fully insured or guaranteed by the United States government or United 
States government agency, (c) obligations of any corporation of the United States government (including 
any obligations described in (a), (b) or (c) issued or held in book-entry form on the books of the Department 
of the Treasury of the United States of America) or (d) tax-exempt municipal obligations that have been 
defeased with obligations described in (a), (b) or (c), which obligations, in any case, are rated in the highest 
rating category by Moody’s or S&P. 

“Guarantor” means AMG Advanced Metallurgical Group N.V., a naamloze vennootschap 
organized under the laws of the Netherlands. 

“Guaranty” means that certain Guaranty Agreement, dated as of July 1, 2019, from the Guarantor 
to the Trustee, as the same may be amended from time to time. 

“IFRS” means the International Financial Reporting Standards as adopted by the European Union 
(EU-IFRS), as in effect from time to time, to the extent applicable to the relevant financial statements. 

“Indebtedness” means, with respect to any Person other than the Company, at any date of 
determination (without duplication) and on a consolidated basis determined in conformity with IFRS, 

(i) all indebtedness of such Person for borrowed money; 
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(ii) all obligations of such Person evidenced by bonds, indentures, notes or other 
similar instruments; 

(iii) all obligations of such Person in respect of letters of credit or bankers’ acceptance 
or other similar instruments (or reimbursement obligations with respect thereto); 

(iv) all obligations of such Person to pay the deferred purchase price of property or 
services, except Trade Payables; 

(v) all obligations of such Person as lessee under capitalized leases; 

(vi) all Indebtedness of others secured by a lien on any asset of such Person whether or 
not such Indebtedness is assumed by such Person; provided that, for purposes of determining the amount 
of any Indebtedness of the type described in this clause, if recourse with respect to such Indebtedness is 
limited to such asset, the amount of such Indebtedness shall be limited to the lesser of the fair market value 
of such asset or the amount of such Indebtedness; and 

(vii) all Indebtedness of others guaranteed by such Person to the extent such 
Indebtedness is guaranteed by such Person. 

“Indenture” means the Indenture of Trust between the Issuer and the Trustee, dated as of July 1, 
2019, including any supplements or amendments thereto as permitted therein. 

“Independent Auditor” means any nationally recognized firm of independent certified public 
accountants, selected by the Guarantor in its discretion from time to time. 

“Interest Account” means the Interest Account in the Bond Fund created by Section 601 of the 
Indenture.  

“Issuance Costs” means the Purchaser’s discount and any other financial, legal, administrative and 
other fees or costs incurred in connection with the issuance of the Bonds and to be paid or reimbursed from 
the proceeds of the sale of the Bonds.   

“Issuer” means the Ohio Air Quality Development Authority, a body politic and corporate duly 
organized and validly existing under the laws of the State of Ohio. 

“Joint Venture” means a joint venture, partnership or other similar arrangement, whether in 
corporate, partnership or other legal form; provided that, as to any such arrangement in corporate form, 
such corporation shall not, as to any Person of which such corporation is a Subsidiary, be considered to be 
a Joint Venture to which such Person is a party. 

“Loan Agreement” means the Loan Agreement relating to the Bonds between the Issuer and the 
Company, dated as of July 1, 2019, including any supplements or amendments thereto as permitted in the 
Indenture. 

“Moody’s” means Moody’s Investors Service, Inc., a Delaware corporation, its successors and 
assigns, and, if such corporation shall be dissolved or liquidated or shall no longer perform the functions of 
a securities rating agency, “Moody’s” shall be deemed to refer to any other nationally recognized securities 
rating agency designated by the Company, with the consent of the Issuer.  All notices to Moody’s shall be 
sent to 99 Church Street, New York, New York 10007, or to such other address as designated in writing by 
Moody’s to the Trustee. 
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“Note” means the promissory note of the Company corresponding to the Bonds, substantially in 
the form attached to the Loan Agreement as Exhibit B, issued pursuant to the Loan Agreement and delivered 
to the Issuer by the Company, and any amendment or supplement thereto or substitution therefor. 

“Officer’s Certificate” of any Person which is a corporation means a certificate executed by the 
President, Treasurer or any Vice President of such Person. 

“Operations Year” means, initially, the year commencing on the date the first ton of containerboard 
is produced at the Facility and, thereafter, the year commencing on the applicable anniversary thereof. 

“Opinion of Bond Counsel” means the written Opinion of Bond Counsel or such other legal counsel 
of recognized standing on the subject of municipal bonds and reasonably acceptable to the Trustee. 

“Outstanding” or “outstanding” when used with reference to the Bonds at any date as of which the 
amount of outstanding Bonds is to be determined, means all Bonds which have been authenticated and 
delivered by the Trustee under the Indenture, except: 

(i) Bonds cancelled at or prior to such date; 

(ii) Bonds paid or deemed paid in accordance with the defeasance provisions of the 
Indenture; 

(iii) Bonds in lieu of which others have been authenticated under the Indenture; 

(iv) Bonds paid or caused to be paid in accordance with the provision of the Indenture 
concerning mutilated, lost, stolen or destroyed bonds; and 

(v) For purposes of any consent or other action to be taken by the holders of a specified 
percentage of outstanding Bonds under the Indenture, all Bonds owned on behalf of the Issuer or the 
Company (unless one hundred percent (100%) of the Bonds are owned by or on behalf of the Issuer or the 
Company), except that for purposes of any such consent or action, the Trustee shall be obligated to consider 
as not being outstanding only those Bonds known by the Trustee to be so held. 

“Owner” or “owner” or “Registered Owner” or “holder” or “bondholder” or “Bondholder” or words 
of similar import means the person or person in whose name or names a Bond is registered on the books of 
the Issuer kept for that purpose by the Bond Registrar in accordance with the provisions of the Indenture. 

“Paying Agent” means, initially, the Trustee, and, thereafter, such other banking or trust company 
appointed pursuant to the Indenture. 

“Permitted Investments” for purposes of the Indenture and Loan Agreement means:  

(a) any bonds or obligations of the State or of any counties, municipal corporations, 
school districts, authorities, bodies and political subdivisions of the State which are rated in the highest or 
second highest rating category of S&P or Moody’s; 

(b) any bonds or other obligations of the United States of America which as to 
principal and interest constitute direct obligations of the United States of America, or any obligations of 
subsidiary corporations of the United States of America fully guaranteed as to payment by the United States 
of America; 
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(c) obligations of the Federal Land Bank; 

(d) obligations of the Federal Home Loan Bank; 

(e) obligations of the Federal Intermediate Credit Bank; 

(f) obligations of the Central Bank for Cooperatives; 

(g) securities of or other interests in any no-load, open-end management type 
investment company or investment trust registered under the Investment Company Act of 1940, as from 
time to time amended, or any common trust fund maintained by any bank or trust company which holds 
such proceeds as trustee or by an affiliate thereof so long as: 

  (1) such investment company or investment trust or common trust fund takes 
delivery of such collateral either directly or through an authorized custodian; 

  (2) such investment company or investment trust or common trust fund is 
managed so as to maintain its shares at a constant net asset value; and 

  (3) securities of or other interests in such investment company or investment 
trust or common trust fund are purchased and redeemed only through the use of national or state 
banks having corporate trust powers and located within this state; 

(h) repurchase agreements with respect to obligations included in (b) through (f) above 
and any other investments to the extent at the time permitted by then applicable law for the investment of 
public funds purchased pursuant to a repurchase agreement with any bank within the United States of 
America or any government bond dealer reporting to, trading with and recognized as a primary dealer by a 
Federal Reserve Bank, provided such bank or dealer has an investment grade rating, and such repurchase 
agreement shall be considered a purchase of such securities even if title and/or possession of such securities 
is not transferred to the purchaser so long as (a) the repurchase obligation of the bank or dealer is 
collateralized by the securities themselves, (b) the securities have on the date of the repurchase agreement 
a fair market value equal to 100% of the amount of the repurchase obligation of the bank or dealer, and (c) 
(i) a perfected security interest in such securities is created for the benefit of the Trustee under (A) book 
entry procedures prescribed by 31 C.F.R.  306.1 et seq.  or 31 C.F.R.  350.0 et seq., or (B) the Uniform 
Commercial Code of the State of Ohio, (ii) the securities are held by a third party as agent for the Trustee, 
and are in any case segregated from securities owned generally by the bank or dealer or (iii) the repurchase 
agreement is entered into with a bank or dealer having a long-term rating by either Moody’s or S&P that is 
in one of its two highest rating categories without regard to gradations within such categories; 

(i) demand deposits, including interest bearing money market accounts, time deposits, 
trust funds, trust accounts, overnight bank deposits, interest-bearing deposits, and certificates of deposit or 
bankers acceptances of depository institutions, including the Trustee or any of its affiliates; and 

(j) obligations of other states and investment contracts which obligations or 
investment contracts are rated at the time of purchase by each rating agency, then maintaining a rating on 
the Bonds, in one of the three highest categories (as determined without regard to any refinement or 
graduation of such rating by a numerical modifier or otherwise) of such rating agency. 

“Person” or “person” means any natural person, partnership, trust, association, joint venture, 
corporation, government or governmental body or agency, political subdivision or other legal entity, as in 
the context may be appropriate. 
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“Premium Bonds” means any Bonds that have been offered and sold to the public at a price in 
excess of their stated redemption price (the principal amount) at maturity.  

“Principal” wherever used with reference to the Bonds or any security or any portion thereof, shall 
be deemed to include “and premium, if any”. 

“Principal Account” means the Principal Account in the Bond Fund created by Section 601 of the 
Indenture. 

“Rebate Fund” means the Ohio Air Quality Development Authority (AMG Vanadium Project) 
Rebate Fund created in Section 611 of the Indenture. 

“Record Date” means (a) with respect to any Bond Payment Date, the 15th day of the calendar 
month preceding the Bond Payment Date, (b) with respect to any date fixed for redemption, the 15th day 
preceding such date fixed for redemption, whether or not in either case such day is a Business Day, or (c) 
such other date or dates as shall be specified in any Supplemental Indenture. 

“Redemption Price” means the principal of, premium, if any, and accrued and unpaid interest on 
any Bond as of the redemption date thereof. 

“Representation Letter” means the Blanket Issuer Letter of Representations from the Issuer to DTC 
dated August 11, 2003. 

“Restricted Payment” means, with respect to any Person, 

(a) any dividend or other distribution on any shares of such Person’s Capital Stock; 

(b) any payment on account of the purchase, redemption, retirement or acquisition for 
value of such Person’s Capital Stock; 

(c) any defeasance, redemption, repurchase or other acquisition or retirement for value 
prior to Stated Maturity of any Indebtedness ranked subordinated in right of payment to the Bonds; 

(d) any Investment in any Joint Venture in which the Guarantor or its Subsidiaries 
owns less than 90% of the Capital Stock; 

(e) any Investment in any Subsidiary unless at least 90% of the Capital Stock of the 
Subsidiary is owned directly or indirectly by the Guarantor; and 

(f) any Investment made in an Affiliate (other than the Guarantor or a Subsidiary 
unless at least 90% of the Capital Stock of the Subsidiary is owned directly or indirectly by the Guarantor). 

“Revenues” means:  (i) all amounts payable by, or on behalf of, the Company pursuant to the Loan 
Agreement and the Note; (ii) any proceeds of Bonds originally deposited with the Trustee and all money 
deposited and held from time to time by the Trustee in the funds and accounts under the Indenture (except 
the Rebate Fund) including amounts paid by the Guarantor under the Guaranty; and (iii) investment income 
with respect to any money held by the Trustee in the funds and accounts established under the Indenture 
(except the Rebate Fund); and (iv) all amounts realized by the Trustee pursuant to the exercise of its rights 
and remedies under the Indenture. 
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“S&P” means S&P Global Ratings, a division of The McGraw-Hill Companies and its successors 
and assigns, and, if such division shall be dissolved or liquidated or shall no longer perform the functions 
of a securities rating agency, “S&P” shall be deemed to refer to any other nationally recognized securities 
rating agency designated by the Company, with the consent of the Issuer.  All notices to S&P shall be sent 
to 55 Water Street, New York, New York 10041-0003, or to such other address as designated in writing by 
S&P to the Trustee. 

“Securities Act” means the Securities Act of 1933, as amended. 

“Series” means any series of Bonds authorized by the Indenture. 

“State” means the State of Ohio. 

“Stated Maturity” means, with respect to any debt security or any installment of interest thereon, 
the date specified in such debt security as the fixed date on which any principal of such debt security or any 
such installment of interest is due and payable (including by mandatory redemption). 

“Supplemental Indenture” means any supplemental indenture executed and delivered pursuant to 
the provisions of the Indenture. 

“Trade Payables” means, with respect to any Person, any accounts payable or any other 
indebtedness or monetary obligation to trade creditors created, assumed or guaranteed by such Person or 
any of its Subsidiaries arising in the ordinary course of business in connection with the acquisition of goods 
or services. 

“Trustee” means Citibank, N.A., and its successors serving as Trustee under the Indenture. 

“Underwriters” means with respect to the Bonds, Citigroup Global Markets Inc. and Morgan 
Stanley & Co. LLC, as underwriters under that certain Bond Purchase Agreement between the Issuer and 
Citigroup Global Markets Inc., as representative of the Underwriters and approved by the Company and 
the Guarantor. 

“Written Requisition” shall mean the requisition for Costs of the Project in the form attached to 
and made a part of the Loan Agreement. 
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Executive Summary  
 
Transaction Overview: 
 
AMG Advanced Metallurgical Group N.V. (“AMG” or the “Company”) is a leading global diversified critical materials 
company that sources, processes, and supplies specialty metals and mineral products, and provides related vacuum 
furnace systems and heat treatment services to the Transportation (aerospace and automotive), Infrastructure, Energy, 
and Specialty Metals and Chemicals end-markets. The Company’s stock is publicly listed in Amsterdam, Netherlands, 
(as Euronext Amsterdam: AMG) The Company has ~3,300 employees worldwide, and its senior secured debt is rated 
“Ba3” by Moody’s and “BB” by S&P. For the fiscal year ending December 31, 2018, AMG generated revenues and 
adjusted EBITDA of $1,310.3 million and $217.1 million, respectively. 
 
The project financed by the proceeds of the Series 2019 Ohio Air Quality Development Authority Solid Waste Disposal 
Revenue Bonds (the “Bonds”) will fund a new vanadium production facility (the “Project”).  AMG began its investment into 
the vanadium market in 1998 when it acquired the Cambridge, OH site AMG Vanadium occupies via the acquisition of 
Metallurg Inc. The Cambridge site (“Cambridge I”) provides environmentally-friendly recycling services to the North 
American petroleum industry, processing spent catalyst into ferrovanadium and related products. Cambridge I has a 
proprietary process with the lowest overall emissions (including no waste water) and highest conversion to salable 
products (99%) in the industry.  It is the largest and most reliable vanadium supplier in North America, with 6 million 
pounds of annual ferrovanadium production capacity and a market share of ~40% in the United States.  It is also the 
largest spent residual oil (“resid”) catalyst processor in the world.  Cambridge I takes spent resid catalyst generated from 
oil refining and recovers ferrovanadium and other specialty materials. AMG Vanadium plans to double its capacity to 
process spent resid catalyst by building a copy of its plant in a project named “Cambridge II.” Cambridge II uses 
substantially similar processes and technology as Cambridge I, which will remain online following completion of 
Cambridge II.  The Project will add a roasting and smelting facility and, at full capacity, will double AMG Vanadium’s spent 
catalyst recycling capacity. Initial engineering, construction and other capital costs are estimated to be approximately 
$300 million.  The roasting facility is expected to be operational by Q4 2020 and the smelting facility is projected to begin 
operations by Q2 2021.  
 
The Company is raising $307 million of Bonds (the “Financing”) to (i) finance the construction of Cambridge II, (ii) fund a 
capitalized interest fund, and (iii) pay costs of issuance. On a pro forma basis, AMG’s adjusted gross and net leverage 
will be 3.2x and 1.4x, respectively, after the financing. 
 
Pro Forma Capitalization: 
 
Pro forma based on new $307 million Bond issuance generating proceeds of $325 million. 
 

  FYE 12/31/2018  Pro Forma 

Pro Forma Capitalization ($ millions)  Amount  
xAdj. 

EBITDA 
Adj. 
(+/-) Amount  

xAdj. 
EBITDA 

Cash & Cash Equivalents   $382    1.8x  $382    1.8x 
Cash to Fund Cambridge II   -  - $325 325   1.5x 
$200 million Revolving Credit Facility   -    -    -    -  
$350 million Term Loan B   339   1.6x  339    1.6x  
Short-Term Bank Debt   15  0.1x  15  0.1x 
Other Debt1   27   0.1x   27   0.1x 
New $307 million Municipal Bond   -    -  307 307    1.4x  
Total Debt   $381   1.8x   $688    3.2x 
Net Debt  (1)  -  (19)  - 
Net Debt Excluding Cash to Fund Growth   (1)   -   306   1.4x 
Market Capitalization2   844   3.9x   844   3.9x 
Minority Interest   24    0.1x   24    0.1x 
Firm Value   $867    4.0x   $1,174    5.4x 
December 31, 2018 Adjusted EBITDA   $217        $217      

 

1. Primarily reflects subsidiary debt, which reduces availability under the Revolving Credit Facility. 
2. Converted at spot EURUSD: 1.12. Fully Diluted as of 22 May 2019. 
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Simplified Organization Structure:  
 

 
 
Company Snapshot: 
 
AMG is a leading global diversified critical materials company that sources, processes, and supplies specialty metals and 
mineral products (AMG Critical Materials), and provides vacuum furnace systems, heat treatment services, and titanium 
alloys and coatings (AMG Technologies) to the Transportation (aerospace and automotive), Infrastructure, Energy, and 
Specialty Metals and Chemicals end-markets.  
 
The Company is favorably positioned with respect to several global mega-trends which are driving demand for material 
science-based solutions for energy efficiency. These include CO2 emission reduction, population growth, increasing 
affluence and energy efficiency, among others. AMG takes a value-added approach by designing high-purity materials 
and innovative new products that (i) are essential to its customers’ end-use performance; (ii) are lighter, stronger and 
resistant to higher temperatures; and (iii) reduce the CO2 emissions of its customers’ end-products.  
 
Consolidated 2018 Annual Revenue: 

By Segment  By End-Market  By Region 

 

 

 

 

 

Critical Materials
(67%)

Technologies
(33%)

Transportation
(40%)

Specialty Metals &
Chemicals (21%)

Infrastructure
(30%)

Energy (9%)

Europe (42%)

North America
(37%)

Asia (16%)

ROW (5%)
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AMG Critical Materials business consists of AMG’s conversion, mining and recycling businesses. 
 
 
  

� Vanadium 
� Superalloys (Chrome) 
� Aluminum Master Alloys 
� Brazil (Tantalum & Lithium)  
� Antimony 
� Graphite 
� Silicon Metal 

 
 
These businesses are comprised of a portfolio of specialty materials, many of which are deemed critical to the U.S. and 
European Union (“EU”)1. The EU has identified 27 such critical raw materials1 which have high economic importance and 
present a supply risk. Similarly the U.S. has identified 35 critical materials1 which are vital to national security and to the 
economy, primarily through assessing supply risk.  Of these, AMG produces 7 EU critical raw materials and 10 U.S. 
critical raw materials. Value added processing businesses target a per-pound processing margin and use raw materials 
purchasing strategies and contractual pricing to limit variations in profitability and generate high free cash flow.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

 

 
1 2017 list of Critical Raw Materials for the EU, September 2017; US draft list of Critical Materials per February 16, 2018 announcement by U.S. Department of the Interior. 

� Chromium Metal (a subcategory of chrome ore) is not identified by the EU report. 
� AMG possesses technology license patent for production of Magnesium products. 

Critical Raw Materials: AMG Presence 

 

 
 

32% Transportation 

10% Energy 

36% Infrastructure 

22% Specialty 
Metals & Chemicals 2018 Revenue: 

$873 million 



B-4 
 

 
 
 
 

   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

AMG Global Footprint: Critical Materials 
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AMG Technologies segment contains AMG’s titanium alloys, vacuum systems and services businesses.  
 
 
 
 
 

� Titanium Alloys & Coatings 
� Furnaces 
� Heat treatment services 

 
 
 
 
AMG Technologies was recently formed from the consolidation of AMG Titanium Alloys & Coatings and AMG 
Engineering. The Engineering business designs, engineers, and produces advanced vacuum furnace systems and 
operates vacuum heat treatment facilities primarily for the transportation and energy industries. Furnace systems 
produced by AMG include capabilities for vacuum re-melting, vacuum induction melting, vacuum heat treatment and high-
pressure gas quenching, turbine blade coating and sintering. AMG also provides case-hardening heat treatment services 
on a tolling basis. The Titanium Alloys & Coatings arm is one of the world’s leading manufacturers of high-performance 
metals and materials. The product spectrum includes metallic and ceramic materials for coating technologies, master 
alloys and titanium aluminides for the aircraft industry, as well as technical powders and vanadium chemicals. AMG 
Technologies benefits from aerospace growth as well as strong order backlog and processing margins with contractually-
based low raw materials price risk.  
 
 

 
 
 
 
 
 
 
 

AMG Global Footprint: Technologies 

 

2018 Revenue: 
$437 million 

70% Transportation 
15% Specialty 

Metals & Chemicals 

4% Infrastructure 

11% Energy 
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Division Breakdown:  
 
On a run-rate basis, the majority of AMG’s portfolio (~70% of gross profit) focuses on (i) value-added processing with 
strong commodity price pass-through ability (i.e. aluminum alloys, antimony, titanium alloys, graphite, and chrome) and 
(ii) vacuum furnaces which benefit from backlog visibility. The remaining ~30% of gross profit is subject to primary metal 
price exposure to silicon, tantalum, lithium concentrate (“spodumene”) and vanadium. In each of these primary materials, 
the majority of capacity is sold out on a forward basis for 2019 and in some cases, 2020. In the case of vanadium, the 
Company collects a “tipping fee” for recycling vanadium-bearing resid spent catalyst that covers the entire operating 
expenses for this business and shares the vanadium price risk with the generator of the resid spent catalyst.  The 
Company has negotiated significant increases to this tipping fee in recent months, and this increased fee will underpin 
profitability for AMG Vanadium.  
 

 

 
 
 

 Critical Materials / 
Products & Services Major End-Markets Market Drivers Representative 

Customers Key Competitors 

Te
ch

no
lo

gi
es

 

AMG Titanium Alloys & 
Coatings (TAC) 
Titanium Master Alloys & 
Coatings 

Aerospace Fuel efficiency 
Energy saving 

  
Ametek (Alloys), 

Arconic/RTI (TiAl) 

AMG Engineering 
Vacuum Furnaces 

Aerospace, 
Automotive 

Fuel efficiency 
Electronics 

 
 

Bodycote, 
SECO/WARWICK, 

Consarc AMG Engineering 
Vacuum Heat Treatment 
Services 

Fuel efficiency 

C
rit

ic
al

 M
at

er
ia

ls
 

AMG Brazil  
Tantalum & Niobium 

Micro capacitors, 
superalloys 

Communications & 
electronics 

Fuel efficiency 

 
 

 

 
Central African 

suppliers 

AMG Brazil  
Lithium Batteries 

Renewable energy 
Communications & 

electronics 
Confidential FMC, SQM, Tianqi, 

Albemarle 

AMG Vanadium 
Ferrovanadium, Ferronickel-
molybdenum 

Infrastructure Infrastructure growth 
 

Glencore, Evraz 

AMG Silicon  
Silicon Metal 

Aluminum alloys, 
Solar 

Fuel efficiency 
Clean energy 

 Ferroatlantica 
(Ferroglobe), Elkem 

AMG Superalloys  
Chromium Metal Aerospace Fuel efficiency 

 Delachaux, MidUral, 
Novotroitsk, Jinzhou 

AMG Graphite  
Natural Graphite 

Heat insulation, 
Lubricants 

Energy saving 
Energy storage 

  Imerys, Asbury 
Carbons, Syrah 

Resources 

AMG Antimony  
Antimony Trioxide, Antimony 
Master batches, Antimony 
Pastes 

Flame retardants Plastics 
  

Campine 

AMG Aluminium  
Aluminium Master Alloys, 
Aluminium Powders 

Aerospace, 
Automotive Fuel efficiency 

 
KBM, Aleastur 

Energy  Transportation  Infrastructure  Specialty Metals & 
Chemicals 
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AMG’s Critical Materials key end-use markets include flame retardants, aerospace, insulation materials, solar, micro 
capacitors, automotive, and infrastructure. AMG recently re-segmented, adding AMG Titanium Alloys & Coatings (TAC) 
to the Engineering business, creating AMG Technologies. The new segment provides vacuum furnaces, heat treatment 
services and titanium master alloys and coatings to the aerospace and automotive end-markets. 
 
 

 
 
Municipal Bond Borrower: Vanadium Overview (Cambridge I & II) 
 
AMG Vanadium started operations in 1952, and first roasted spent catalyst at its Cambridge I facility in 2003. AMG 
Vanadium is the leading supplier of ferrovanadium in the United States with approximately a 40% market share. Products 
include ferrovanadium, ferronickel-molybdenum, calcium aluminate, and calcium sulfate. Ferrovanadium is a critical 
element used in high-strength low-alloy (HSLA) steel, which is used for construction, shipbuilding, pipelines, bridges, 
energy, automotive, rail steels, tool and die steels, and rebar.  Ferronickel-molybdenum is an alloy addition for stainless 
steel and NiMo low-alloy steels. Calcium aluminate (sold as Revan™) is a slag-conditioner for the steel industry and 
calcium sulfate (sold as LimeAdd™) is used in the solidification and stabilization of drilling waste. The sale of Revan™ 
and LimeAdd™ allow AMG Vanadium to avoid landfilling costs. 
 
Vanadium is present in the Earth’s crust and is produced either from the processing of magnetite iron ore or crude oil . 
Vanadium contained in magnetite ore is either extracted as a co-product in steel making or extracted directly from the 
ore in a mineral processing operation (primary production).  Vanadium coming from crude oil is either extracted from 
spent resid catalyst or via processing the ash and slag of burning / gasification of heavy oil for power generation. 
 
The predominant use of vanadium is as a micro-alloy for the production of high strength steels (e.g. rebar) and tool steels.  
AMG Vanadium’s ferrovanadium is qualified and approved for use at all major steel producers in the US.   
 

AMG Gross Profit Breakdown (in millions of USD) 

 

2015 2016 2017 2018

Value Added Processing AMG Technologies Primary

$214.6

$315.2 

$186.8 

$156.9 

AMG Technologies benefits 
from aerospace growth as 
well as strong order backlog 
and processing margins with 
contractually-based low raw 
material price risk 

AMG Brazil and AMG 
Vanadium have commodity 
price exposure 

Value added processing 
businesses target a per-
pound processing margin 
and use raw material 
purchasing strategies and 
contractual pricing to limit 
variations in profitability and 
generate high free cash flow 



B-8 
 

Consumption of vanadium currently exceeds global supply.  HSLA steel continues to gain market share at a CAGR higher 
than global GDP.  The newly implemented (November 2018) rebar standard in China is expected to increase annual 
vanadium consumption by 20,000 – 40,000 metric tons by 2020.  
 

 
 
 
 
 

AMG-V Health & Safety Track Record 

 
 

As of June 3rd, AMG Vanadium has gone 1,080 days without a lost time incident. 

 

Proprietary Pyrometallurgical Process 
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Lost Time Incident Rate Total Incident Rate

Value-Added  
Product 

AMG Vanadium – Cambridge, OH 

Primary 
Furnace 

(melting and 
pre-reduction) 

Secondary 
Furnace 
(reduction) 

Roaster 
& 

FGD 

R Calcium  Sulfate 
(LimeAdd

™
)  

Ferrovanadium 
(Ferovan

®
) 

Calcium Aluminate 
Slag (Revan

™
) 

Ferronickel-molybdenum 
(FeNiMoly®)  

Slag Transfer 

Oil 
Refineries 

Oil Gasification 
Plants 

Oil Burning 
Power Plants 

Roa
&

FG

R
l 

eries

Boiler Slag/Fly Ash 

Cambridge II is designed to run solely on spent catalyst. 
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AMG Credit Highlights:  
 
 
1. Extensive Portfolio of Product Offerings with Diversified Exposure to End-Markets and Geographies: 
 
AMG’s portfolio is well diversified across products and services, end-markets, and geographic regions. The Company 
operates a portfolio of nine niche businesses with the largest contributing 20% of revenues, with customers in end-
markets with favorable tailwinds including Transportation (aerospace and automotive), Infrastructure, Specialty Metals 
and Chemicals, and Energy.  Sales are diversified across Europe, North America, and Asia, with production capabilities 
in Germany, UK, France, Czech Republic, U.S., China, Mexico, Brazil, Sri Lanka, and Mozambique.  
 
End-market diversification is further supported by the fact that usage growth for AMG products within an end-market is 
driven by replacement demand in addition to growth in the end-market itself. For example, within aerospace applications, 
most of AMG’s products are used in engine production and even if new airplane sales growth slows, engines will continue 
to be replaced in older planes. 
 
The portfolio is strategically positioned and consists of 7 European Union and 10 U.S. critical raw materials which have 
been identified to be of high economic importance to these regions. The Company also supplies highly engineered 
titanium alloys for the aerospace industry and value-added aluminium master alloys into the automotive and beverage 
can markets. Certain products such as vanadium also add significant value to the supplier of these products (refineries) 
in terms of providing them an environmentally-friendly way to recycle their waste.  
 
 

FYE 12/31/18 Sales by Geography  FYE 12/31/18 Sales by End-Market 

 

`
 

 

 
FYE 12/31/18 Sales by Unit 

 

 
 
 

Europe (42%)

North America (37%)

Asia (16%)

RoW (5%)

Transportation (40%)

Specialty Metals &
Chemicals (21%)

Infrastructure (30%)

Energy (9%)

Primary 

AMG Technologies 

Value Added 
Processing 
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2. Robust and Stable Financial Profile with Attractive Earnings Through All Economic Environments: 
 

AMG has historically demonstrated strong and stable financial performance, generating consistent cash flow and 
significant de-leveraging despite variations in underlying metal prices and changing economic environments. Over the 
last several years, the management team has also exercised significant prudence in working capital management, 
reducing working capital days from 79 days to 38 days. 
 
 

Adjusted EBITDA (in millions of USD)  Net Debt (in millions of USD) 

  
Note: Adjusted EBITDA calculated by reversing non-cash lower cost of market 
inventory adjustment of ($6.5 million) in 2015 and $5.1 million in 2016.  Note: Figures do not include the proposed $300 million bond issuance. 

 
Operating Cash Flow (in millions of USD)  Critical Materials Prices (10 Year CAGR1) 

   

1 Compound annual growth rates are calculated over the period December ‘05 through December ‘18 using the equation ((Ending Value / Beginning Value) ^ (1 / # of years) 
- 1) where ending value is average monthly price in December ‘18 and beginning value is average monthly price in December ‘05; and where AMG EU Critical Materials 
include Sb, Cr, Graphite & Si; AMG Portfolio includes Sb, Cr, FeV, Li, Nb, Si, Sr, Graphite, Ta, Sn & Ti; and LME Metals include Al, Co, Cu, Pb, Mo, Ni, & Zn. Average annual 
growth rates (plotted above) are calculated over the same period using the equation ((Ending Value / Beginning Value) -1) and considering the same metal categorizations 
where ending value is average monthly price in December of the given year and beginning value is average monthly price in December ‘05. 
 
Key drivers for stability include: 
 

� Portfolio effect: AMG has a portfolio of nine niche businesses exposed to different end-markets and geographies 
with limited competitors. Variations in each business are not directly correlated and help reduce earnings volatility 
compared to traditional metals and mining companies. 
 

� Attractive portfolio mix: AMG’s portfolio mix positions it at the forefront of global mega-trends related to CO2 
reduction. As a result, the portfolio benefits from significant tailwinds with respect to volume growth and favorable 
long-term price dynamics compared to other commodities such as oil and London Metal Exchange (LME) metals. 
This is highlighted in the 10-year price compound annual growth rate (“CAGR”) for the AMG portfolio at 4.6% vs. 
0.9% for LME Metals and -1.5% for oil. 

 

� Limited primary metal price exposure: Approximately 70% of the Company’s run-rate gross profit is not subject 
to metal price volatility. Within the Critical Materials segment, revenues from antimony, aluminum alloys, titanium 
alloys, graphite, and chrome are processing-related with effective price pass-through via contracting strategies. 
Materials where the Company takes metal price risk include silicon, tantalum, spodumene and vanadium. Within 
each of these, the Company has contractually limited price risk and is a global low-cost producer.  
 

In the case of silicon and tantalum, the contracts are at a fixed price. In vanadium, AMG is the only North American 
producer and has a unique competitive advantage via its tipping fee economics and its environmentally-friendly 
process. AMG produces vanadium by recycling spent refinery catalysts and the operating costs of the business 
are currently covered by tipping fees paid by the refiners to AMG.  These tipping fees have been negotiated to 
be significantly higher going forward. Refiner contracts also include provisions to share the vanadium price risk 
with AMG. 

$85.7

$59.1 $57.7 $80.5
$149.7$23.0 $37.9

$45.0

$67.5

$82.1 $95.6
$125.5

$217.1

2014 2015 2016 2017 2018

$87.8  

($1.0) 

$7.3  $10.3  

($0.5) 

2014 2015 2016 2017 2018

$95.1
$76.3

$56.2

$78.5
$97.4

2014 2015 2016 2017 2018

4.8% 3.9% 
0.9% 

(1.5%)

AMG
Portfolio

AMG: EU
Critical

Materials

LME Metals OilAMG 
Portfolio

AMG: EU 
Critical 

Materials

LME
Metals

OIL

Critical Materials $Technologies 
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� Revenue visibility: In the Critical Materials segment, the processing business benefits from attractive end-
market demand dynamics with robust margin protection via raw material price pass-through. In the primary metals 
business, revenue visibility is driven by forward contracting strategies that resulted in selling out a majority of 
2019 volumes. In the Technologies segment, the engineering business benefits from strong order backlog: 
$241.4 million as of December 31st, 2018 which provides revenue visibility. 

 
 
3. Supplier of Mission Critical Products for Customer End-Use: 
 
AMG’s products and services are a key input for a wide range of end-uses while representing a low cost as a percentage 
of the final end-use, and in many cases are non-substitutable given the critical role they play in the application. For 
example, chrome is a non-substitutable material used in aerospace engines and is critical in its use as an alloy for turbine 
blades. An aircraft engine can cost over ten million dollars; however, chrome represents only a small fraction of this value 
per aircraft engine.  
 

  
 
4. Significant Barriers to Entry: 
 
Niche markets with low competition: The Company focuses on small markets which, by definition, do not attract a lot 
of competition. As a result, AMG benefits from meaningful market share in each of its niches. AMG typically operates in 
markets with only 1-3 competitors, and in the case of chrome and antimony, with only one Western competitor. Further, 
many of the businesses in the portfolio have extensive experience and longstanding operating histories of 100 years or 
more, over which time there have been virtually no new entrants. 
 
Lengthy customer approval processes: Products like titanium alloys, chrome, tantalum, and vacuum furnaces are 
subject to 12 month or multi-year customer approval processes, especially for use in aerospace. Given the mission-critical 
nature of AMG’s products and in certain cases the demand for high levels of purity, extensive approval processes are 
required to ensure the qualifications meet the standards of the customer. 
 
Complex supply chains: AMG is an expert value chain manager with a track record of sourcing raw materials from 
exotic locations, providing value-added processing, and delivering these critical materials to Fortune 100 customers. The 
significant supply chain and technology know-how of the Company create a significant barrier against large customers 
procuring and processing these materials themselves. 
 

Mission-Critical Products by Industry End-Use 

 
 

Transportation Energy

Infrastructure Specialty

All products: low cost as a percentage of the final end use 

• Non-substitutable alloying 
materials for aerospace 
components (Chrome, 
Titanium, Engineering) 

• Master alloys essential for 
lightweighting (Aluminum) 

• Alloys contributing to substantial 
improvements in fuel efficiency 
(Chrome, Titanium, 
Engineering) 

• Steel-strengthening alloys 
essential for production of high 
strength steel (Vanadium)  

• Heat insulation material for 
buildings (Graphite) 

• High-purity silicon metal for solar 
applications (Silicon) 

• Lithium for renewable energy 
and electric vehicles (Lithium) 

• Non-substitutable material for 
electronic components 
(Tantalum) 

• Non-halogenated, flame 
retardant additives for plastics 
and resins (Antimony) 
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Technological leadership: Most of AMG’s products are the result of decades of product development and technological 
innovation. In areas such as aluminium master alloys, titanium alloys, vanadium, engineering, etc., the Company has 
developed proprietary technology from decades of product development.  
 
An example of technology leadership includes development of a unique recycling process for vanadium, which does not 
involve leaching and uses heat instead, leading to very high recoveries with practically no waste. This has allowed AMG 
to displace existing vanadium recyclers. In the case of AMG Technologies, the Company also benefits from its leading 
market position as a partner of choice for companies looking to explore new innovations in materials science, positioning 
AMG at the forefront of next generation material development. 
 

Barriers to Entry by Business Unit 

Segment Critical Materials Technologies 

Business 
Unit Antimony Aluminum Graphite Chrome Silicon Tantalum Vanadium Engineering TAC 

Niche 
Markets � � � �  �  � � 
Customer 
Approval 
Process 

   �  � � � � 
Complex 
Supply 
Chains 

�  � � � � �  � 

Low 
Competition � � � �  � � � � 

Technology 
Leadership � � �  �  � � � 

 
 
5. Cambridge II will double AMG Vanadium’s capacity to process spent resid catalyst: 
 
AMG Vanadium’s intent with Cambridge II is to construct a roasting facility, ferroalloy facility, and plant infrastructure, 
utilities, and facilities to support a doubling of vanadium production.  The new plant will be 20 miles from the Cambridge 
I site, which will remain in commission, thus gaining personnel efficiencies by providing oversight and management from 
a single control structure.  Cambridge II will use the same production process, with some technology improvements, 
found in the existing plant at Cambridge.  Construction of the roasting facility will begin in Q3 2019 with commissioning, 
startup, and performance tests complete by Q4 2020.  The ferroalloy plant will begin construction in Q1 2020 with 
commissioning, startup, and performance tests complete by Q2 2021.   
 
AMG Vanadium is currently in negotiations with 100% of Cambridge II spent catalyst supply needs.  There are over 
75,000 short tons of spent catalyst produced annually in North America.  The Cambridge I and II capacity will be 60,000 
tons.  AMG has agreed to terms with the two largest spent catalyst producers in North America, and is currently in 
negotiations with five other smaller producers to fill out the remainder of the plant. 
 
The Cambridge II project is supported by several of the Company’s strengths: 
� Existing management and infrastructure – AMG has operated the Cambridge I facility for fifteen years in its current 

configuration, and Cambridge II will use substantially similar technology. 
� Experience operating Cambridge I facility will help to maximize synergies of new Cambridge II plant.   
� Strong understanding of the global ferrovanadium market. 
� AMG’s enhanced recycled technology to produce ferrovanadium generates 80% less CO2 compared to the 

ferrovanadium produced from mined vanadium. 
� “Gold Standard” industry process produces no waste water, provides the lowest overall emissions (solid waste, air 

emissions, waste water) in the industry, and has the highest industry conversion (99% of input is recycled) to 
salable products. 

� Strategic flexibility to further develop operational scope. 
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Projected Spent Catalyst Production (in thousands of tons of spent catalyst) 

 
• Worldwide demand for residue upgrading catalyst is growing at > 10% CAGR. 
• Existing sustainable capacity to reclaim current generation is lacking. 
• From 2019, generation of resid spent catalyst will increase by ~80 thousand tons by 2022, and ~160 thousand 

tons by 2025. 
• New spent catalyst capacity is needed to provide sustainable solutions for refiners. 
• AMG Vanadium’s business model provides the most sustainable solution for refiners at all market conditions. 

 

 
6. “Blue Chip” Diversified Customer Base with Entrenched Long-Term Relationships: 
 
AMG has deep customer relationships with some of the strongest counterparties in the world. In the Critical Materials 
segment (~66% revenues), the average customer relationship is 10+ years, and the AMG Technologies division’s 
average relationships range 5 to 10+ years. The customer base is also well-diversified with the top customer representing 
less than 5% of total revenues. 
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229 232
250

330
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60 60
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Forecast - Total Forecast - AMG

Cambridge Facilities (U.S.) 
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7. Seasoned Management Team with Proven Track Record: 
 
AMG has a strong management team with extensive industry experience, including nine individual Divisional Presidents 
who are measured and compensated based on Operating Cash Flow and Return on Capital Employed (ROCE). On 
average, the executives have over 29 years of industry experience. Each unit is managed on a stand-alone basis with a 
full audit.  
 
Management Board 

 

 
Dr. Heinz Schimmelbusch 

Chairman & CEO 
 

Dr. Schimmelbusch was appointed Chief Executive Officer and Chairman of the Management Board on 
November 21, 2006, then was re-appointed on May 2, 2018, for a term of two years, starting 2019. He has 
served in a similar capacity for businesses comprising AMG since 1998, including but not limited to, 
Chairman of the Management Board of Metallgesellschaft AG from 1989 to 1993. His directorships have 
included Allianz Versicherung AG, Mobil Oil AG, Teck Corporation, Methanex Corporation, Metall Mining 
Corporation and MMC Norilsk Nickel. 

Dr. Schimmelbusch has been a member of the Presidency of the Federation of German Industries (BDI) and 
the Presidency of the International Chamber of Commerce (ICC). He earned his graduate degree (with 
distinction) and his doctorate (magna cum laude) from the University of Tubingen, Germany. 

 

 
Eric Jackson 

Chief Operating Officer 
 

Mr. Jackson was appointed a member of the AMG Management Board on April 1, 2007. He was appointed 
to the newly created position of Chief Operating Officer on November 9, 2011, and re-appointed to the AMG 
Management Board for a term of four years on May 4, 2017. Prior to his current role, Mr. Jackson served in 
various senior management positions for businesses now owned by AMG since 1996, most recently as 
President and Chief Operating Officer of Metallurg, Inc. In addition, he previously held senior management 
positions at Phibro, a division of Salomon Inc., Louis Dreyfus Corporation and Cargill Incorporated in 
Canada and the United States.  

Mr. Jackson received a Bachelor of Science degree in Economics and an MBA, both from the University of 
Saskatchewan.  

 

 
Jackson Dunckel 

Chief Financial Officer 
 

Mr. Dunckel was appointed Chief Financial Officer of AMG on February 1, 2016 and a member of the AMG 
Management Board on May 4, 2016, when he was appointed for a term of four years. Prior to joining AMG, 
Mr. Dunckel worked for the Macquarie Group Limited, where he served as Managing Director and U.S. Head 
of Chemicals from 2010 to 2015. In addition, Mr. Dunckel has held various senior level positions at J.P. 
Morgan Chase since 1995, including Executive Director, Investment Banking Coverage.  

Mr. Dunckel graduated, cum laude, with a bachelor’s degree in European History from the University of 
California, Berkeley, and completed his MBA in International Finance at the Leonard Stern School of 
Business in 1995. 

Divisional Presidents 

 

Michael Wahl 
(AMG Aluminum) 

16 years of experience 

Raymond Devaux 
(AMG Antimony) 

28 years of experience 

Fabiano Costa 
(AMG Brazil) 

29 years of experience 

Thomas Junker 
(AMG Graphite) 

24 years of experience 

Kevin Lawson 
(AMG Superalloys) 

25 years of experience 

Guido Loeber 
(AMG Technologies) 

25 years of experience 

Hoy Frakes 
(AMG Vanadium) 

40 years of experience 

Hans Antel Detlef 
(AMG Silicon) 

36 years of experience 

AMG Critical Materials AMG Technologies 



B-15 
 

Company Overview 
 
AMG Overview: 
 
AMG is a market leading global value-added critical materials company that produces specialty metals and mineral 
products and provides related vacuum furnace systems and heat treatment services to the Transportation (aerospace 
and automotive), Infrastructure, Energy, and Specialty Metals and Chemicals end-markets. While the Company was 
incorporated in the Netherlands in 2006, where it is publicly listed, it was formed via a series of acquisitions of specialty 
metals businesses, many of which have each existed for 100+ years. The Company is organized into two segments – 
AMG Critical Materials and AMG Technologies – which together form a portfolio of nine niche businesses with limited 
competitors.  
 
The Company is favorably positioned with respect to several global mega-trends which are driving demand for materials 
science-based solutions for energy efficiency. These include CO2 emission reduction, population growth, increasing 
affluence and energy efficiency, among others. AMG takes a value-added approach by designing high-purity materials 
and innovative new products that (i) are essential to its customer’s end-use performance; (ii) are lighter, stronger and 
resistant to higher temperatures; and (iii) reduce the CO2 emissions of its customer’s end-products. 
 
Critical materials represent key raw materials, which are deemed critical to the European and U.S. economies. The 
European Union (“EU”) has identified 27 such critical raw materials, which have high economic importance and present 
a supply risk. Similarly, the United States has identified 35 critical materials which are vital to national defense, primarily 
through assessing supply risk. Of these, AMG produces 7 EU and 10 U.S. critical raw materials; however, all 12 of AMG’s 
core products are critical to its customer’s end-product performance.  
 
With approximately 3,300 employees, AMG operates globally with production facilities in Germany, the United Kingdom, 
France, Czech Republic, United States, China, Mexico, Brazil, Sri Lanka, and Mozambique, and has sales and customer 
service offices in Russia and Japan. For the twelve months ending December 31, 2018, AMG generated revenues and 
adjusted EBITDA of $1,310.3 million and $217.1 million, respectively. 
 
Company Evolution:  
 
AMG Critical Materials traces its origins to the development and production of specialty metals to 1870. Through 
consolidation and expansion, the Critical Materials segment today operates seven different divisions that produce and 
process aluminum master alloys and powders, chromium metal, ferrovanadium, antimony, spodumene, tantalum, silicon 
metal, and natural graphite.  
 
AMG Technologies traces its predecessor companies founded in Germany to the mid-1800s. The underlying engineering 
business designs and produces vacuum furnace equipment and systems used to upgrade specialty metals and alloys for 
the transportation, automotive, infrastructure, and energy markets. In addition, engineering also provides heat treatment 
services to the automotive industry. On January 1, 2019, AMG consolidated the titanium alloys and coatings business 
with the engineering business to form AMG Technologies.  
 
Since 2012, AMG has taken a number of steps to optimize its operations, reduce costs, streamline product mix, reduce 
working capital, and to deleverage in order to position the Company to capitalize on growth opportunities.  
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Key Corporate and Operational Achievements: 
 

� Acquired control of Graphit Kropfmüehl (the current AMG Graphite and Silicon business units) for $64 million in 
2008. Current adjusted EBITDA is $20 million. 

� AMG acquired KB Alloys, the #2 aluminum master alloys and grain refiner, in 2011 for approximately $23.5 million 
and optimized the business (SG&A down 12%, adjusted EBITDA up 130%, and working capital down 60% 
compared to pre-acquisition) and achieved a 3-year payback on the investment. The segment has generated 
$40 million of operating cash flow from December 2012 to December 2018. 

� Vanadium roaster expansion project in 2013 cost $18 million and increased capacity to process spent catalyst 
by 10,000 tons (60% increase). 

� Reduced working capital and paid down $194.8 million of net debt since 2012. 
� Maintained profitability despite falling metal prices during 2014-2016. 
� Reduction of $10 million in costs within Critical Materials (2013-2014) and $7 million in costs within Engineering 

(2014-2016) through headcount reductions and efficiency gains. 
� Restructured Superalloys cost base ($4.3 million savings) and product mix to improve margins (2014-2015). 
� AMG Silicon upgraded all four furnaces with state of the art composite electrode technology costing €16 million 

in total, yielding €3 million in annual savings (2011-2016). 
� Significant innovations achieved at AMG Engineering with the introduction of cutting edge new products including 

turbine blade coaters, SyncroTherm® and titanium powder furnaces for 3D printing applications. 
� Rebuilt tantalum production line, following fire in January 2017, on time and on budget. 
� GM Supplier Quality Excellence Award for AMG Engineering (2014-2016). 
� AMG TAC was awarded the 2016 MTU Aero Engines AG Innovation Award for outstanding performance in 

respect of Titanium Aluminides. 
� Built a 90,000 ton spodumene production facility at the Mineracao mine in Brazil for $50 million. 

Timeline of Key Strategic Developments 
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Strategic Framework: 
 
The Company’s goal is to be the leading, innovation driven, low-cost producer in all its markets. AMG has identified a 
number of long-term trends on which it is able to capitalize by leveraging its technological capabilities and innovations. 
AMG aims to expand adjusted EBITDA through (i) routine organic growth of existing businesses, (ii) non-routine 
investment and expansion of existing businesses, and (iii) carefully selected transformational projects with a balanced 
risk-reward approach. Examples include: 
 

� Routine Organic Growth: This includes routine growth related to existing businesses. For instance, expansion 
of vacuum grade high-purity chrome into aerospace engine applications. 
 

� Non-routine Expansion: This focuses on growth via non-routine investments related to existing businesses. For 
example, through extensive research beginning in the mid-1990s, AMG developed Titanium Aluminides (TiAl). 
Titanium Aluminide alloys offer superior high-temperature performance for turbine blades and are as strong as 
nickel-based alloys, but at only half the weight. Initial applications included components for Formula 1 racecars 
(valves) and have evolved into alloys for aerospace applications.  

 
� Transformational Projects: This involves entering new business lines such as the execution of the Company’s 

Cambridge II project or the construction of our spodumene production facility in Brazil.  
 
 
 

 
 
 
 
 
 
 

AMG Strategic Framework 

 
 

Mission Statement 
To increase long-term value through industry leadership, operational 

expertise and efficient deployment of capital 

Strategic Objective 
Achieving industry leadership while being the low-cost producer. AMG is focused on building its critical materials business 

through industry consolidation, process innovation and product development.  

Growth Objectives 

A 

Process Innovation &  
Product Development  

Industry Consolidation  

B 

Expansion of Existing  
High-Growth Businesses  

C 

 
AMG Core 
Business  

$217 million 
$350 million 
Adj. EBITDA  + + + > A B C 

AMG will deliver $350 million in Adj. EBITDA in 5 years or less 
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Health and Safety Focus: 
 
Safe working practices are essential to the Company’s continuity and are a core element of AMG’s values. The 
Company’s rigorous commitment to safety is reflected in its zero injury objective and continually improving safety record. 
Many of AMG’s sites operate with a zero accident record, and in 2018, there were no fatal incidents. AMG has a health 
and safety management system in place with an effective reporting system and conducts intensive group-wide 
educational efforts. With two exceptions (2016 Lost Time Incident (LTI) rate and 2017 incident severity rate), AMG has 
shown year on year improvement over the last four years. In 2018, AMG’s total incident rate was 72% better than peers, 
and lost time rate was 47% better than peers.  
 
Leading Safety Indicators: 
 
� The number of safety improvement items reported in 2018 was 6% higher than in 2017. These are essential in order 

to avoid potential injuries. 
� Safety training hours increased 31% in 2018 compared to 2017. 
� At the end of FY 2018, lost time incident rate and total incident rate were down 29% and 10%, respectively, from FY 

2017. 
 

 
Sustainability Focus: 
 
AMG is a leader in “greenness,” beginning with its focus on CO2 reduction. The Company’s contribution to the 
environment can be measured through select AMG products and solutions which have enabled its customers to reduce 
CO2 emissions by 41 million tons in 2018, compared to a CO2 reduction of 37 million tons in 2017. This can be put into 
context of the Company’s CO2 equivalent emissions, which declined 35.4% from 639,000 tons in 2017, to 412,499 tons 
in 2018.  
 

Enabled CO2 Reduction - 2018 

Business Unit Net CO2 Reduction (MT)* Technology / Product 

Engineering 43.5 million Thermal Barrier Coatings & 
Turbocharger Wheel Castings 

Titanium Alloys & 
Coatings 5.0 million Titanium Aluminides 

Vanadium 1.2 million Steel Alloying / Lightweighting 
Graphite 1.0 million Graphite Insulation 

Total net CO2 reduction (2018): 50.7 million MT 

AMG Consolidated Safety Results 
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AMG Vanadium and Cambridge II Description  
 
 
AMG Vanadium  
 
AMG Vanadium provides environmental management services to the North American petroleum industry and supplies 
ferrovanadium and ferronickel-molybdenum to the North American steel markets. Spent resid catalysts represent an 
environmental problem for most refiners and the disposal in a landfill does not eliminate the long-term environmental 
hazards and legal responsibility associated with the material. AMG’s vanadium production capacity is warranty 6 million 
pounds per annum and is located in Cambridge, Ohio. 
 

Cambridge II Rendering  Cambridge I Facility 

   
 
AMG Vanadium’s Catalyst Processing and Metal Recovery service processes the spent oil refinery catalysts, converts 
the catalysts into commercial products, substantially reduces the refiners’ environmental and legal responsibilities, and 
produces ferroalloys for steel making. This proprietary process allows the Company to be one of the lowest-cost 
ferrovanadium producers in the world, as the Company’s cost base net of the tipping fee paid to process spent catalyst 
is essentially zero with operational costs significantly lower than primary mining. Additionally, AMG Vanadium estimates 
that the energy consumption used to produce recycled vanadium using AMG Vanadium’s proprietary process is 
approximately 60% of other manufacturing routes. Although stripping vanadium from spent catalysts is not the only 
method of extracting the material, it is the most cost efficient and environmentally-friendly, as waste is essentially zero. 
AMG Vanadium and Cambridge II are profitable at all ferrovanadium prices. Key competitors include Glencore and Evraz.  
 

 

Vanadium: Inventory vs. FEV Price 
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At a basic level, AMG Vanadium’s process follows the below steps: 
� AMG Vanadium processes spent catalyst in a roasting facility in order to remove the sulphur. 
� The roasted catalyst is then melted in an electric arc furnace (EAF) where the Ferronickel-molybdenum is 

extracted. 
� The molten material is passed to a second EAF furnace where the ferrovanadium is extracted. 
� The ferrovanadium is sold to domestic steel producers. 

 

 

AMG Spent Catalyst Value Chain: A “Cradle-To-Grave” Solution 

 

Annual Spent Catalyst Generation* (in tons) 

 

 
*Forecasted annual generation of spent resid catalyst in 2023 

Spent Refinery 
Catalyst 

Power Plant 
Residues 

Key Competitors: 

Ferrovanadium High Strength 
Steel Steel Products 

• Automotive 
• Suspension 

Components 
• Building Structures 
• Bridges 
• Vehicles & 

Transportation 
• Oil & Gas 
• Tubular Components 
• Off Shore Platforms 
• Ship Making 
• Heavy Equipment 
• Long-span Structures 

74,700 

2023 

Not targeted 
Not targeted 
Not targeted 

Not targeted 
Under negotiation 

Under negotiation 

Under negotiation 
Previous customer – RFP in process 

Previous customer – RFP in process 

Current customer contract 

Current customer contract & forecast 
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Cambridge II 
 
The new Cambridge II facility will double AMG’s vanadium production capacity. The new facility will process the spent 
oil refinery catalysts and convert the catalysts into commercial products.  The technology risk is minimized, as the new 
facility will replicate operations of the existing facility.  Cambridge II will be within 20 miles of the Cambridge I facility and 
will take advantage of personnel efficiencies such as shared oversight and management / control.   

The Cambridge II facility is a key plank in AMG’s long-term strategy to grow its spent catalyst recycling business: 

� 60% higher processing fees have been negotiated from the company’s largest spent catalyst supplier, shifting 
AMG’s contracts toward stable, fee-based profitability. 

� Spent catalyst contracts include sharing of the vanadium revenues, reducing AMG’s exposure to vanadium price 
volatility. 

� Spent catalyst production is expected to double over the next 5 years due to the new IMO regulation. 
� With Cambridge II, AMG’s combined spent catalyst recycling capacity will be 60k tons of the 75k tons available in 

North America (see graphic above). 
� AMG has significant technological barriers to entry in its spent catalyst recycling process. 

Capital Expenditure Breakdown 

Project Cost Elements Amount (in millions of USD) 
0000 Site Works $21.5 
1000 Raw Material Receiving and Storage $15.5 
2000 Roaster and FGD $52.4 
3000 Melt Shop $139.0 
5000 Site Services $36.6 
6000 Plant Facilities $16.7 
 Owner’s Direct Cost (Project Director, HSE, AMG-V Engineering Support) $3.4 

Total Direct Costs $285.1 
7000 Indirect Owner’s Costs (HR, IT, Procurement, Accounting, Incidental Field Costs) $9.6 
 Hatch Construction Management Cost $5.3 

Total Indirect Costs $14.9 
Total Project Cost $300.0 

� The Company estimates the cost to develop, engineer, procure equipment and construct the Cambridge II facility is 
$300 million. 

 

 

Indicative Project Timeline 
 

 

� Construction of the roaster is expected to be complete during Q4 2020 and completion of the entire facility is scheduled 
for Q3 2021. 
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Vanadium in Infrastructure 
 
Improvements in infrastructure are essential to growing global GDP and reducing carbon emissions. AMG provides critical 
materials such as ferrovanadium for high-strength steels and graphite that is used to improve the insulating performance 
of homes and buildings. These technologies are deployed in infrastructure projects that are critical to addressing global 
urbanization trends. 

 
Vanadium Demand Driven by Higher Steel Smelting Specifications 
 
In 2018, steel production accounted for 88% of vanadium consumption, and 90% of AMG’s vanadium goes into steel 
making. Hence, the demand for vanadium closely follows two factors:  

a) Natural organic growth in steel production. 

b) Increasing vanadium intensity in steel with the move to lighter weight and higher strength steels: The addition of just 
0.2% vanadium to steel increases steel strength by up to 100% and reduces weight in relevant applications by up to 
30%. 

China produces roughly half the world’s steel and the vanadium loading in Chinese steel is catching up with the Western 
world average. Most of the steel production growth is occurring in markets like India and South East Asia where vanadium 
content is only around a third of that in Western markets. 

 

China Iron and Steel Research Institute (CISRI) put forward a proposal to the Standardization Administration of China 
which implemented an increase in 2018 in the minimum vanadium content in rebar. Metal Bulletin estimates that this 
alone will increase vanadium demand by around 10,000 tons per annum. The world vanadium market is just under 80,000 
tons per annum (of which ~40% comes from China) so the potential demand increase is over 10% of the current market 
size. This proposed increase in minimum vanadium content in Chinese steel was the primary cause for the 2018 price 
spike (see prior graph titled “Vanadium: Inventory vs. FEV Price”). Prices have come down as it became clear that 
implementation of the new Chinese standard will be phased in over time.  

 

Vanadium redox batteries, where vanadium acts as an electrolyte, are potentially an important source of robust storage 
for renewable and utility generated power in the long-term. The use of vanadium in batteries allows for nearly unlimited 
recharging and negligible performance deterioration over long periods of time. While the use of a liquid electrolyte makes 
it unsuitable for consumer electronics, it is ideal for large-scale grid energy storage solutions.  
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2018 Vanadium Production 

End Market  Country 
  

 
  

 

 

Source: TTP Squared Inc, AMG analysis.   

 
2018 Vanadium Consumption 

End Market  Country 
   

 

 
 

  

 

Source: TTP Squared Inc, AMG analysis.   

 

Global supply of vanadium was reduced by over 15,000 MT of vanadium in 2015-2016 due to the closure of several large 
producers including South African producers Evraz Highveld and Vanchem and Gulf Chemical’s declaration of bankruptcy 
and cease of operations in 2016. Future capacity increases will come from recycling and primary mining and new capacity 
will require 3-5 years to have an impact. In 2017, China banned imports of vanadium slags and residues (including the 
spent resid catalyst that is a feedstock in Cambridge I and II), thus reducing Chinese feedstocks by 3,000 MT of vanadium. 
China also limits issuing permits to primary stone coal operations. China forced the closure of several high-cost, low-
quality domestic iron ore mines, another source of vanadium, resulting in increased imports of non-vanadium-containing 
iron ore. A gradual shift away from blast furnaces (BOF) to electric arc furnaces (EAF) as the Chinese domestic scrap 
supply grows has also reduced vanadium production. Global regulation has had a positive impact on supply of vanadium 
as environmental regulators have put restrictions on sulfur levels in fuel oils, driving refinery expansion for the processing 
of these “bottom-of-the-barrel” fuels. This additional processing requires substantially more catalyst, providing additional 
opportunity for vanadium recycling operations like AMG.  
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New vanadium production facilities face significant barriers to entry, and once a new project is undertaken, they typically 
require 3-5 years to come on-stream.  Financing for greenfield projects is challenging due to the significant capex 
($300M+) and a lack of understanding of vanadium by capital markets.  Mining projects contain significant downside 
pricing risk while recycling operations (e.g., AMG-V) rely on complex technology. There are no new vanadium projects 
under construction. 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Projected Vanadium Supply Deficit 
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Divisional and Business Unit Overview: 
 
AMG Critical Materials 
 
The Critical Materials division produces specialty metals, alloys, and high-performance materials, including aluminum 
master alloys and powders, chromium metal, ferrovanadium, antimony, tantalum, niobium, silicon metal, and natural 
graphite.  
 
 
 
 
 
 
 
 
 
 
AMG Brazil 
 
Tantalum 
 
AMG Brazil has been producing tantalum at its mine for the last 45 years.  It is a specialty metal that improves conductivity 
and is highly resistant to heat and corrosion. It is a material used in capacitors for electronic applications such as 
computers, smart phones, and video games. Tantalum capacitors are used in applications where small size or high 
performance is critical, which aligns demand with growing trends in mobile electronics and the Internet of Things (“IoT”).  
 
AMG Brazil’s tantalum production has key competitive advantages, which include: 
 
(i) Largest operating conflict-free tantalum mine in the world (~70% of the world’s tantalum is mined in the Democratic 

Republic of the Congo (DRC) and Rwanda, in areas where small, artisanal mines are operated in areas of armed 
conflict. This increases the attractiveness of AMG’s conflict-free tantalum, and is therefore sold at a premium to the 
published tantalum price). 

(ii) High quality, low cost producer. 
(iii) Long history of reliable and consistent supply. 
(iv) Low cost hydro-electric energy source. 

 
Key competitors include Mineração Taboca, Ningxia, 
and various Central African suppliers. 
 
In 2019, the tantalum price declined, mainly due to 
increased production in the Democratic Republic of 
the Congo.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

AMG Critical Materials Adjusted EBITDA (in USD millions) 

 

Historical Price Trend ($/lb.) 

 

$30.8
$36.6 $40.8 $41.4

Q1 2018 Q2 2018 Q3 2018 Q4 2018

$88.0
$73.0

$60.0
$71.0

$94.0
$72.0

2014 2015 2016 2017 2018 2019 YTD

Tantalum Concentrate ($/lb)
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Lithium 
 
In the first half of 2018, AMG entered the lithium market, monetizing the substantial lithium mineral deposits currently
found in AMG Mineração’s ore deposits, tailings ponds, and tailing stockpiles. The first lithium concentrate production 
facility, co-located with AMG Mineração’s tantalum mine in Brazil, has been completed and has almost reached full 
operational capacity. This facility will produce 90,000 tons of lithium concentrate (known as spodumene).  It  is currently 
operating at 95% of the initial targeted feed rate, has reached 90% of targeted metallurgical recovery and is producing 
product that meets the buyers’ specifications. Given that the majority of fixed costs are borne by the Company’s tantalum 
operations, AMG is the global low-cost producer of lithium concentrate. 
 
AMG is planning to increase its spodumene capacity by expanding its current plant by an incremental 30,000 tons of 
spodumene per year, increasing the annual production of spodumene from 90,000 tons to 120,000 tons per year.  This 
expansion will require an additional $20 million in capital expenditures. 
 
AMG also has a processing facility in São João del-Rei, in Minas Gerais, Brazil where the Company produces tantalum 
and niobium oxide, and aluminum. The location is in close proximity to the Mibra mine. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
  

Critical materials 

AMG Brazil 
� Spodumene  
� Tantalum concentrates 
� Tantalum and Niobium oxides 
� Specialty Aluminum Alloys 
� Chemicals 
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AMG Silicon 
 
Headquartered in Pocking, Germany, AMG Silicon produces high-purity micro silica (greater than 99% purity) and 
metallurgical and chemical grade silicon metal products. Silicon metal is the basic building block for silicones used in 
building materials and chemicals, polysilicon used in solar and semiconductor wafers, and as an alloying agent for 
aluminum. With further purification processes, metallurgical silicon can be converted into a high-purity silicon, which is 
used for semiconductors and solar cells. AMG has silicon metal production capacity of 32,000 tons per annum. 
 
AMG Silicon’s key competitive advantages include, (i) its close proximity to its largest customer, (ii) low local electricity 
costs (the largest cost of production) due to forward contracting strategies, and (iii) the strategic location in Germany, as 
the country is a net importer of silicon metal. Key competitors include Ferroatlantica (Ferroglobe) and Elkem. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Historical Price Trend (€/ton) (weekly prices) 
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AMG Superalloys  
 
Based in Rotherham, UK, AMG Superalloys is a 
highly specialized manufacturer of specialty 
metals, alloys, and materials to the superalloy, 
aluminum, hard-facing, welding, and glass 
industries. The company manufactures chromium 
metal, nickel, niobium, aluminum powder, and 
cerium oxide-based glass polishing powders. AMG 
Superalloys is aerospace qualified and is one of 
only two Western suppliers of chrome metal to the 
aerospace market with a focus on higher-purity 
chrome metal grades. Key competitors include 
Delachaux, MidUral, Novotroitsk, and Jinzhou.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
AMG Graphite  
 
Headquartered in Hauzenberg, Germany, AMG Graphite is 
an integrated miner and processor of customized high-purity 
natural graphite through its own source mines and vertically-
integrated production and processing facilities located in 
Germany, Sri Lanka, Mozambique, Czech Republic, and 
China. AMG’s high-purity natural graphite is primarily used in 
the infrastructure industry as thermal insulation for building 
materials, in the energy industry in nuclear waste storage 
applications, and in the chemical industry as components for 
electronics and transportation. The Company has a 
production capacity of 30,000 tons per annum.   
 
AMG Graphite is an industry leading producer of highly refined natural graphite and a sole source supplier for a leading 
heat insulation materials producer. AMG has made significant investments to achieve technological leadership. The 
Company is partially vertically integrated via its mines in Sri Lanka and Mozambique with 35% of its raw material sourced 
internally. Key competitors include Imerys, Asbury Carbons, and Syrah Resources.  
 
 
  
 
 
 
 
 
 
 
 
 
 

Fuel Efficiency 

Key drivers Major customers Critical materials 

AMG Superalloys  
� Chrome metal 
� Aluminum powders 
� Rare earth polishing powders 

Energy Efficiency 

Key drivers Major customers Critical materials 

AMG Graphite 
� High-purity natural graphite 

products 
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AMG Antimony  
 
With two processing facilities in Chauny and Laval, France, AMG Antimony provides antimony-based tailor-made, non-
toxic, flame-retardant solutions to the plastic industry. Antimony has been a key component in the use of plastics wherever 
protection against fire is needed, for the safety of people and installations, such as in infrastructure, electronics, and 
transportation. AMG Antimony has four key competitive advantages, which include (i) one of only two European producers 
of high quality product, (ii) capability to tailor product to customer specifications (i.e. pigmentation), (iii) extensive 
knowledge of antimony raw material sourcing, and (iv) ability to offer product in different forms such as masterbatch and 
paste. Key competitor includes Campine. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Energy Efficiency 

Key drivers Major customers Critical materials 

AMG Antimony 
� Antimony trioxide 
� Dispersions and 

masterbatches 
� Flame retardant liquid 

compounds 
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AMG Aluminum  
 
Headquartered in Wayne, Pennsylvania, AMG Aluminum 
provides grain refiners and master alloys used during the 
melting and casting of aluminum and aluminum alloys. AMG has 
five production facilities across the U.S., Brazil, England, and 
China and annual aluminum production capacity of 60,000 tons 
globally. The alloys produced by AMG reduce automobile 
weight and are used to control aluminum performance in 
applications like beverage cans and engine blocks. 
 
AMG Aluminum is one of the only three Western producers of 
aluminum master alloys, is the only producer of aluminum 
master alloys in North America, and has focused on creating 
high quality products which are consistent and reliable. AMG 
Aluminum’s key competitors include KBM and Aleastur. 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Aluminum Industry Value Chain 
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AMG Technologies 
 
AMG Technologies produces titanium aluminides and titanium alloys for the aerospace market; designs, engineers, and 
produces advanced vacuum furnace systems; and operates vacuum heat treatment facilities, primarily for the 
transportation and energy industries. The segment also provides vacuum case-hardening heat treatment services on a 
tolling basis. AMG Technologies was formed to accelerate innovation and growth in advanced metallurgy.  
 
Management firmly believes that while the legacy vacuum furnace product lines continue to innovate and the high-end 
metallurgical purification and coating processes become more automated through technology, the engineers must also 
provide operating services, including owning and operating plants. To date, the Company has successfully implemented 
this new business strategy within the vacuum heat treatment services and is exploring additional concepts to partner with 
its customers and operate furnaces on their behalf. The formation of AMG Technologies is firmly aligned with the recent 
trend of the aerospace industry’s need to increase fuel efficiency.  
 
 
 
 
 
 
 
 
 
 
 
 
 
AMG Engineering 
 
AMG Engineering is the worldwide leader in vacuum furnace production for advanced metallurgical applications. The 
division designs, engineers, and produces advanced vacuum furnace systems and operates vacuum heat treatment 
facilities primarily for the transportation and energy industries. In a controlled process atmosphere, AMG customers are 
able to produce especially pure metal materials and parts. Vacuum furnaces are used for heat-treating of tools, high-
precision parts for engines and fuel injectors, and transmissions. The vacuum removes air or other gases which prevents 
oxidation, heat loss through convection, and removes a source of contamination.  
 
Furnace systems produced by AMG include capabilities for vacuum re-melting, vacuum induction melting, vacuum heat 
treatment and high-pressure gas quenching, turbine blade coating, and sintering. AMG also provides case-hardening 
heat treatment services on a tolling basis. AMG has engineering facilities in Germany, France, the U.S., India and China 
and three heat treatment service centers in Germany, the U.S., and Mexico. The services platform provides a stable base 
of revenues (25%). While the furnace systems reflect capital good sales, the segment benefits from an order backlog 
which is a strong indicator of adjusted EBITDA. December 31st, 2018 backlog stood at $241.4 million. 
 
 
 
 
 
 
 
 
 
 
 
 
 
AMG’s strategy is to offer a full-service package to its customers and has developed customized heat treatment processes 
with its technologies, using furnaces built by AMG. This enables customers to minimize the learning curve and capital 
investment, keeping their part-manufacturing operations updated with the latest developments and technology. AMG runs 
several heat treatment centers to process customer parts. AMG Engineering is largely processing-oriented in nature, and 
does not have much exposure to the price of the underlying commodities. 

AMG Technologies Adjusted EBITDA (in USD millions) 

 

AMG Engineering Backlog (in USD millions) 

$13.7 $14.2

$18.3
$21.3
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AMG Engineering’s key customers include manufacturers of aerospace and stationary turbines, semiconductors, solar 
cells, motor gearboxes or engines, which process high tech metals like special steels, superalloys, reactive and refractory 
metals, or rare earth metals. AMG is the world leader for systems and processes for casting and coating of turbine blades 
and for the production of titanium powder for 3D printing applications. Newly developed heat treatment and sintering 
technologies enable innovation in tool manufacturing and automotive gear industries.  
 
AMG Engineering has a long-standing market presence with a high-quality, diversified product and services portfolio, 
strong brand recognition, and over 70 patent families. The Company’s key competitors include Bodycote, 
SECO/WARWICK, and Consarc.  
 
 
 
  
 
 
 
 
 
 
 
 
 
AMG Titanium Alloys & Coatings (TAC)  
 
With two production facilities located in Nuremberg and 
Brand-Erbisdorf, Germany, AMG TAC is one of the world’s 
leading manufacturers of high-performance metals and 
materials. AMG TAC produces custom metallurgical products 
and solutions for the global aerospace, energy, and chemicals 
markets. These master alloys improve the physical properties 
of titanium and nickel-based superalloys used in jet engines, 
airframes, and other critical-quality applications. For example, 
the landing gears, airframes, and turbine blades of jet engines 
rely on strong, light-weight alloys strengthened with high-
purity master alloys. AMG TAC is largely processing-oriented 
in nature, and the Company does not have much exposure to 
the price of the underlying commodities.  
 
AMG Titanium Alloys & Coatings is an aerospace qualified supplier and has sole supplier status for certain high growth 
products (i.e. Titanium Aluminides). In Titanium Aluminides, the Company benefits from multi-year contracts that lock-in 
strong volume growth. Most of the capital expenditure associated with these contracts has already been spent. The 
Company also benefits from excellent brand reputation.  
 
Key competitors include Ametek (Alloys) and Arconic/RTI (Titanium Aluminides).  
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Industry Overview 
 
CO2 Emissions Trends: 
 
At its core, AMG is exposed to global CO2 emission trends, which are driven by increasing consumption and global 
population growth and the need to offset resulting increases in emissions. This has resulted in an increase in regulatory 
scrutiny across a variety of end-markets. The global population is expected to grow to 9.8 billion people by 2050 vs. 7.7 
billion in 2018. This is expected to be accompanied by large-scale investment in infrastructure (buildings, transport, 
industry, etc.) and energy. With environmentally-friendly solutions being preferred alongside an increasing use of 
technology, cost-optimal energy systems will thrive. Within AMG’s specific end-markets, these trends also lead to unique 
opportunities, of which the Company is well-positioned to take advantage.  
 

End-Market Demand Drivers AMG Solution 

Transportation -
Aerospace 

� Global aviation accounts for ~2% of CO2 emissions and is 
expected to rise to 15-20% by 2050, driven by 5-6% aviation 
growth per annum 

� Prevailing economic conditions fueling travel demand  
� Liberalization of airspaces coupled with the expansion of 

low-cost carriers have played a central role in driving inter- 
and intra-region air connectivity and the formation of new 
mega aviation hubs 

� Reducing weight is a major way to improve aircraft 
performance 

� AMG produces a number of specialty alloys and 
coatings such as Titanium Aluminides (TiAl) and high-
purity chrome metal used to help reduce engine weight 
and improve operational performance of aircraft 

� AMG develops advanced vacuum furnace systems to 
make titanium and other high-purity materials used in 
aerospace engines 

Transportation - 
Automotive 

� Highway vehicles release about 1.7 billion tons of 
greenhouse gases (GHGs) into the atmosphere each year, 
mostly in the form of CO2 

� Each gallon of gasoline burned creates 20 pounds of GHG 
� Electric Vehicles are expected to drive future demand for 

lithium as a high-growth application 

� AMG’s heat treatment services processed over 100 
million auto components in 2014, enabling customers to 
improve fuel efficiency of vehicles produced 

� Provides the lowest cost lithium concentrate by 
leveraging its existing tantalum operations  

Infrastructure 

� Need to improve existing global infrastructure could lead to 
as much as $35 trillion in public works spending over the 
next 20 years  

� Demand for vanadium, of which ~90% goes into steel, is 
forecasted to grow significantly 
� New Chinese regulation regarding high strength steel is 

expected to add 10,000 tons of incremental demand   

� Through the use of a proprietary, environmentally-
friendly process, AMG is the only producer of 
ferrovanadium in North America 

� AMG’s advanced technological process recovers these 
valuable specialty metals from hazardous waste, 
eliminating the need to landfill this waste 

� AMG estimates that the energy consumption used to 
produce recycled vanadium is approximately 60% that 
of primary manufacturing routes 

Specialty Metals 
& Chemicals 

� Higher standards of living driving demand for flame 
retardants in the plastic industry 

� Demand for flame-proofing materials in glass with 
applications in automobiles, paints, and building 
construction 

� Technological innovations and the Internet of Things driving 
demand for capacitors used in electronics such as 
computers, smart phones, and video games 

� AMG Antimony provides tailor-made, non-toxic flame 
retardant solutions in the plastic industry where 
protection against fire is needed for safety of people 
and installations 

� AMG Brazil owns and operates one of the largest 
conflict-free tantalum operations in the world, producing 
300,000 lbs. p.a. of tantalum, which is used as a 
material in capacitors for high performance electronics 
applications 

Energy 

� Energy demand is expected to accelerate, totaling an 86% 
increase by 2050  

� CO2 emissions could jump 56% by 2030, leading to an 
increase in average global temperature of up to 6°C 

� It is estimated that over $22 trillion in investment will be 
needed in energy-supply infrastructure by 2030 in order to 
compensate for global growth 

� AMG is meeting this demand through the production of 
vacuum furnaces that convert nuclear weapon material 
into nuclear fuel 

� Vacuum furnaces used in the production of specialty 
alloys used to help make industrial gas turbines more 
fuel-efficient 

� AMG Silicon produces silicon metal used for the 
production of polysilicon by the solar energy industry  
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Transportation: 
 
Innovation is driving demand for critical materials in the transportation industry. Highly-engineered metallurgical solutions 
are needed to increase operating efficiency, lower aircraft weight and improve economics. AMG’s gamma titanium 
aluminide is a lightweight aerospace alloy which enables aircraft engines to operate at higher temperatures, reducing 
carbon emissions and improving fuel consumption.  
 
CO2 Emission Reductions a Necessary and Regulatory Reality 
 
Global warming has become policy makers’ imperative following the “2015 Paris Agreement”, where nations pledged to 
reduce greenhouse gases in order to limit climate change. After the convention, the publicly-stated target was to “hold 
rise in temperatures to well below 2°C above pre-industrial levels, while pursuing efforts towards the more ambitious limit 
of 1.5°C.”  
 
2018 was the fourth warmest year ever, despite La Niña conditions in early 2018, which are typically associated with 
lower global temperatures. In addition, the year saw an annual rise in atmospheric CO2 concentration of 2.2 ppm, as 
atmospheric concentration of greenhouse gases continue to rise to record levels. The World Meteorological 
Organization’s (WMO) latest study shows that atmospheric carbon dioxide levels reached 405.5 parts per million (ppm) 
in 2018.  
 
The challenges with greenhouse gas emissions underscore the increase in legislation aimed at reversing this trend. The 
European Union, for example, has set mandatory emission reduction targets for new cars. This legislation is the 
cornerstone of the EU’s strategy to improve the fuel economy of cars sold on the European market. The EU has set CO2 
emissions targets of 95gCO2/km by 2020 and 68-78gCO2/km target by 2025. 
 
Similarly, in the United States, the National Program for greenhouse gas emissions and fuel economy standards was 
developed jointly by the Environmental Protection Agency (EPA) and the National Highway Traffic Safety Administration 
(NHTSA) and applies to light-duty cars and trucks in model years 2012-2016 (first phase) and 2017-2025 (second phase). 
Together, the final standards are projected to result in an average industry fleet-wide level of 163 grams/mile of carbon 
dioxide (CO2) in model year 2025, which is equivalent to 54.5 miles per gallon (mpg) if achieved exclusively through fuel 
economy improvements. 
 
Transportation Lightweighting 
 
Global trends toward CO2 reduction and resource efficiency have significantly increased the importance of lightweighting 
over the last few years. While the relevance of lightweight materials cuts across industries, the automotive industry is of 
particular importance given that it represents 90% of the materials used by automotive, aviation, and wind combined.  
 
The use of lightweight materials will significantly grow across industries – while the lightweight share is currently highest 
in aviation with almost 80%, auto is massively increasing the lightweight share from 30% to 70% by 2030 (high-strength 
steel is considered lightweight material). The introduction of CO2 emissions targets and correlated penalties has resulted 
in an even stronger focus on weight reduction as a lever to minimize fuel consumption.  
 
Production of all lightweight materials will increase significantly within the next few decades: 
� High-strength steel will see strong growth in the next decade due to its comparatively low cost to achieve significant 

weight reductions. 
� Aluminum and carbon fiber, which have been seen as essential components of lightweighting, will experience strong 

growth. 
 
As a result, suppliers will see new opportunities to enlarge their product portfolios towards new materials. Furthermore, 
the materials industry will profit due to increasing volumes and prices (e.g. high-strength steel and aluminum).   
 
However, the overall impact of lightweight measures in combination with further optimized internal combustion engines 
(ICEs) will not be sufficient to reach currently discussed CO2 targets for 2025. Therefore, OEMs will push for electric cars 
with a resulting increase in system weight and cost (e.g. the cost for bigger batteries, braking, and damping systems). 
Lightweighting is needed to reduce the impact of additional system costs for electrification, but also for CO2-optimized 
ICEs.  
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Electric Vehicles 
 
Global Electric Vehicle (EV) sales grew by 64% in 2018, driven primarily by the Chinese vehicle market which grew 78% 
year-over-year. The surge in EV sales in the last five years is driven mostly by regulatory requirements in the U.S., 
Europe, and China and the increased availability of new EV models.  
 
The global EV market is expected to grow significantly, representing 54% of new car sales by 2040. This is fueled by 
falling production costs including cheaper batteries, increasing consumer acceptance, regulatory demands, and greater 
model availability. Additional considerations are below. 
 
� Lithium-ion Battery Prices. Average lithium-ion battery prices fell 73% from 2010 to 2016. Average battery pack 

prices are expected to reach ~$73/kWh by 2030, significantly lower than previous estimates of $120/kWh which 
equates to an annual rate of cost reduction of ~10% from 2016 to 2020, falling further to ~7% annually by 2030. 
Further upside in demand is expected to be stimulated by growth in battery sizes as consumers continue to demand 
increased driving range.  

� Consumer Adoption. Consumers are expected to begin to switch to long-range EVs en masse once they are 
demonstrated to be cheaper on both a total cost of ownership and upfront cost basis. 

� Policy Support. Key policy targets in major auto markets – U.S., China, and EU. In the short-term, the Chinese 
government has revised their current subsidy policy for EVs, effectively increasing the price of EVs. However, on a 
global, longer-term basis, EV demand forecasts have remained strong with a penetration rate of ~14% by 2025. 

� Model Availability. The global EV lineup is projected to reach 300+ plug-in models by 2025, with flagship releases 
including the Audi e-tron, and Nissan Leaf 2. 

 
Annual Global EV Sales by Market (millions of cars per year) 

 

Source: Bloomberg New Energy Finance 
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Lithium  
 
The lithium market comprises players who process lithium obtained from brine or hard rock minerals into specialized 
lithium compounds. Lithium has a wide range of industrial applications including ceramics, lubricants and glass, but the 
highest growth segment of the global lithium market is its use in the manufacture of batteries. It is estimated that 
production in 2018 grew 11% from 2017, totaling 253kt of lithium carbonate equivalent (LCE), despite the majority of 
producers missing targets by a wide mark in 2018. Production is dominated by several large producers, which include 
Albemarle, SQM, FMC, and Chinese players (Tianqi and Ganfeng in particular). 
 
Lithium Value Chain 
 

 
 
Mega-trend Description 

Communications and Mobility / 
Personal Electronics 

� High-growth smartphone, tablets, and wearables markets rely on lithium to power lithium-ion batteries 
� 95% of batteries used in electronic devices are based on lithium technology 
� Miniaturization of devices will necessitate further reliance on lithium 

Electric Vehicles / 
Sustainability and CO2 
Emission Reduction 

� Growth of hybrid and Electric Vehicles is straining current lithium resources 
� Lithium content within vehicles expected to grow at 20-30% CAGR over the next decade 
� Increased emission regulations across global markets will drive electrification 
� Expanding charging infrastructure and desire for an enhanced driving experience 

Rise of Developing Markets 
� As electronic devices become more affordable, high-growth markets become even more attractive 
� Population effect in emerging economies supports expected high growth rates, especially in auto market 

Renewable Energy  
(Grid Storage) 

� Build out of smart grids could potentially be highest growth opportunity 
� Growth in renewable energy and need for resources to provide system flexibility 
� Global installed base of ~1.1 GW, projected annual installations reaching up to >12GW by 2025 

 
In general, Lithium demand forecasts remain strong, with 927kt 
LCE in 2025, representing a 244% increase from 2018 levels 
and a CAGR of ~17%. Lithium-ion battery demand for EVs is 
expected to grow to 1,300GWh in 2030. It is expected that 
~270GWh of large format battery cell production will be online 
globally by 2021, led by global suppliers including LG Chem, 
Samsung SDI, Lishen, CATL and Tesla, among others. The 
demand chain will need to scale up further in the 2020s to meet 
expected demand. 
 
The global supply of lithium minerals has been historically 
dominated by large-scale lithium brine extraction operations 
(primarily in South America) with the remainder being hard rock 
mining operations. However, over the past few years, the 
majority of recent and new supply projects are higher cost, 
hard rock operations. Hard rock supply projects are expected 
to reach 68% of global market share by 2025, up from 48% in 
2018. Overall, the global lithium supply increased at a 7% 
CAGR from 1995-2015 to meet increased demand for personal 
electronics.  

 
 

Hard Rock

Brine

Lithium
Concentrate
(Spodumene)

Chemicals Cathode 
Paste Batteries

Global Lithium-ion Battery Manufacturing Capacity 
(GWh) 

 

Source: Bloomberg New Energy Finance 
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Global production is forecasted to more than double in the coming decade (based upon current capacity and announced 
expansions), driven by strong demand from both existing and emerging applications. Canaccord Genuity estimates a 
24% supply increase in 2019, primarily driven by hard rock-derived production from increases in mineral concentrates 
and effective converter capacity. On a longer-term outlook, Lithium supply is expected to grow at a CAGR of ~16% 
through 2025. 

Impact on Metals and Materials 
With demand for lithium-ion batteries increasing, manufacturing capacity for large format lithium-ion batteries will have to 
increase fivefold from 2020 to 2030 to meet the projected demand. In addition, demand for metals that constitute critical 
components of the battery cell will increase from a total of 29,000 metric tons in 2015 to 2 million metric tons, with graphite, 
nickel, and aluminum constituting the bulk of the total growth. Metals such as lithium, cobalt, and manganese are central 
to this, and make up 20% of total metals demand for batteries over the coming fifteen years. 

Global Metals and Materials Demand from EV Lithium-ion Batteries (thousands of metric tons) 

Source: Bloomberg New Energy Finance 

Specialty Metals and Chemicals 

Specialty metals and chemicals are used to create products that improve global living standards. AMG produces 
customized metallurgical solutions that meet the market’s exacting demands, including tantalum, and vanadium-based 
chemicals, which improve the insulating and infrared absorbent properties of structural glass and chemical compounds. 

Tantalum, Growth in Specialty Metals and Chemicals End-Markets 

AMG caters to the Specialty Metals and Chemicals end-markets primarily through its production of tantalum, niobium, 
and antimony. AMG’s overall revenues to the Specialty Metals and Chemicals end-markets accounted for 21% of AMG’s 
revenues in 2018. 

Global Tantalum Market (tons) Tantalum End-Market Share 

Source: Roskill Source: Technavio 
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Primary applications for tantalum are in capacitor anodes, capacitor lead attachments (wire), superalloy additives, 
coatings, and as targets for semiconductor processing of passive components. The largest percentage of the metal is 
used in tantalum capacitors. Tantalum is also used as an additive in hard metals such as nickel-based superalloys, and 
as a grain inhibitor and alloy additive in carbide tools. Other applications of tantalum include coatings that offer corrosion 
resistance and durability of mission-critical wear parts. The metal is also sold in its alloy form or mixed with other 
superalloys for orthopedic implants. 
 
The primary factors that have been driving the demand of tantalum have been: 
� Smartphone penetration triggering demand for capacitors 
� Increasing demand for medical implants 
� Increasing use of tantalum in aerospace superalloys  
 
These factors are expected to keep growing, predicated by an increase in IoT applications, growth in smart grid market 
and the aircraft industry.  
 
Energy 
 
Global energy demand growth is driven by two opposing factors – increased energy usage and improvements in energy 
efficiency. AMG provides metallurgical technologies to improve energy efficiency and increase energy supply, such as 
silicon metal used for the production of polysilicon by the solar energy industry.  
 
Energy is another key market for AMG with 9% of AMG’s revenues for the fiscal year ending December 31, 2018. In order 
to meet increasing energy demands, the Company is focusing on (i) graphite production for heat insulation materials in 
buildings, (ii) production of primary silicon metal used for polysilicon by the solar energy industry, and (iii) production of 
lithium for renewable energy and electric vehicles.  
 
According to the U.S. Energy Information Administration (EIA), world energy consumption will rise by 28% between 2015 
and 2040 from 575 quadrillion British Thermal Units (BTU) to 663 quadrillion BTU by 2030, and then to 736 quadrillion 
BTU by 2040. Most of the increase in energy demand is expected to come from non-OECD countries, where strong 
economic growth, increased access to marketed energy, and quickly-growing populations lead to rising demand for 
energy. Energy consumption in non-OECD countries is expected to increase by 41% between 2015 and 2040, in contrast 
to a 9% increase in OECD countries. 
 

World Energy Consumption (Quadrillion BTU) 

 
Source: Bloomberg New Energy Finance 
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Historical Financials & Recent Developments 

 
Amounts in USD millions 20141 2015 2016 2017 20183 
Critical Materials Revenue 873 757 702 814 1,050 

Engineering Revenue 221 220 269 245 260 

Total Revenue $1,094 $977 $971 $1,060 $1,310 

Growth (%)  (10.7%) (0.6%) 9.1% 23.6% 

Critical Materials Adj. EBITDA 83 672 692 100 190 

Engineering Adj. EBITDA 3 15 27 25 27 

Total Adj. EBITDA $86 $82 $96 $125 $217 

Adj. EBITDA Margin (%) 7.9% 8.4% 9.9% 11.8% 16.6% 

Total Capital Expenditures $24 $23 $44 $81 $73 

% of Sales 2.2% 2.4% 4.5% 7.6% 5.6% 

(Increase) / Decrease in NWC $39 $22 ($8) ($21) ($73) 

Total Operating Cash Flow $95 $76 $56 $79 $97 
Source: Company Filings. Note numbers may not sum due to rounding. 
1. Critical Materials reported as AMG Processing and AMG Mining in 2014. 
2. Adjusted EBITDA calculated by reversing non-cash lower cost of market inventory adjustment of ($6.5 million) in 2015 and $5.1 million in 2016. 
3. Effective January 1, 2019, AMG completed a re-segmentation, creating AMG Technologies. AMG Technologies is comprised of AMG Titanium Alloys & 

Coatings and AMG Engineering. FY18 audited financials and prior years were reported under the historical segmentation of AMG Critical Materials and AMG 
Engineering. 
 

Amounts in USD millions 2014 2015 2016 2017 2018 
Profit for the Year 21.6 9.9 41.6 57.5 94.8 

Income Tax Expense (1.0) 18.7 8.1 13.9 45.0 

Net Finance Cost1 19.0 9.9 12.4 7.8 22.9 

Equity-settled Share-based 
Payment Transactions 0.9 3.5 3.1 8.7 7.5 

Restructuring Expense 4.9 3.1 4.2 2.5 2.1 

Asset Impairment 1.9 0.0 2.0 1.2 3.3 

Environmental Provision 5.5 1.5 1.3 3.1 8.7 

Share of (Gain) or Loss of 
Associates and Joint Ventures 0.4 (0.6) (1.8) 0.0 0.0 

Others 0.0 0.0 0.0 (0.1) (0.2) 

Adjusted EBIT $53.2 $46.0 $70.8 $94.6 $184.1 

Depreciation and Amortization 32.5 29.6 29.8 30.9 33.0 
Adjusted EBITDA  
(as previously reported) $85.7 $75.6 $100.7 $125.5 $217.1 

Inventory Cost Adjustment 0.0 6.5 (5.1) 0.0 0.0 

Adjusted EBITDA  $85.7 $82.1 $95.6 $125.5 $217.1 
Source: Company Filings. Note numbers may not sum due to rounding. 
1. Excludes foreign exchange expense (income). 

 

Profit for the Year to Adjusted EBITDA Reconciliation 
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FY2018 vs. FY2017 

Critical Materials 
Critical Materials revenue increased by 29% from FY2017 to FY2018, primarily due to a combination of higher vanadium 
prices as well as improved product mix and strong sales volumes. Key wins in 2018 include completion of its first lithium 
concentrate plant and the first shipment of commercial-grade spodumene in September of 2018. AMG also entered into 
a contract to supply 7 million pounds of vanadium to a U.S. steel producer over the next two years.  

Critical Materials gross profit grew by 61% to $241.5 million year-over-year, substantially due to higher sales volumes 
across the division, a focus on higher value-added products, and the improvement in vanadium prices. The growth in 
vanadium prices was driven by the increased demand from recent regulation in China and decreased supply due to facility 
closings across the globe. In addition, chrome metal product mix effects, strong sales volumes of aluminum and benefits 
from the early termination of a titanium alloy contract further benefited segment profitability. Volumes increased in 5 of 
the 8 critical materials, driving gross profit growth, and trickling down into adjusted EBITDA growth. Critical Materials 
adjusted EBITDA grew 90% to $190.1 million. Operating costs as a percent of revenue declined 4.9% despite higher 
discretionary compensation and increased headcount.  

Engineering2 
AMG experienced strong demand in the engineering segment, driving revenue growth of 6% through increased delivery 
of turbine blade coating furnaces, casting furnaces and increased after-sales services during the year. Backlog in 2018 
increased 17% year-over-year to $241.4 million due to robust order intake throughout the year. This trend is expected to 
continue for the remainder of 2019. The segment launched an innovative coating furnace utilizing a chemical vapor 
deposition process to coat new materials for the aerospace industry. In addition, the segment continues to implement 
digital tools and applications in its engineered products and services to enable the highest degree of automated 
fabrication. 

AMG Engineering delivered higher profitability over the prior year because of new innovations which continue to have a 
positive impact. Additional growth in profitability was driven by product mix, as sales grew in the higher margin aerospace 
market. The focus on product development over the past few years has strengthened and broadened the product offerings 
and reduced the dependency on certain key product lines and end markets.  

Due to the significant increase in vanadium prices, inventory value increased 95% year-over-year, leading to a significant 
increase in working capital. In addition, the increased revenues led to growth in receivables. However, AMG still generated 
$97.4 million in cash from operating activities, up 24.1% from 2017, due to the growth in profitability. AMG had ample 
liquidity to support their growth initiatives with a total of $551.5 million. In 2018, total capital expenditures decreased to 
$73.0 million from $80.9 million, or 9.7%. The primary driver was the completion of the Spodumene I project in Brazil. 
Going forward, capital expenditures are projected to increase significantly to support numerous growth projects, such as 
Cambridge II and Spodumene I+.  

FY2017 vs. FY2016 

Critical Materials 
Critical Materials revenue increased by 16% in 2017, to $814 million, due to improved vanadium, aluminum, titanium 
master alloys, antimony, chrome and graphite prices. In addition, higher sales volumes of silicon, chrome, antimony and 
titanium products also contributed.  

Critical Materials gross profit margin remained flat year-over-year driven by strong financial performance in vanadium 
and titanium master alloys. During the same period, adjusted EBITDA increased ~$26 million as SG&A for critical 
materials was relatively flat. Management has demonstrated that they have significant control over AMG’s cost structure 
and were able to manage operating costs during the period of growth. 

Engineering 
AMG Engineering revenue decreased 9% year-over-year in 2017. This was a result of lower revenue from plasma re-
melting furnaces for the aerospace market and heat treatment services for the automotive market. Order backlog 
increased 53% to $207 million in 2017. 

AMG Engineering gross profit margin rose 5% year-over-year but adjusted EBITDA remained relatively flat. Gross profit 
margin growth was primarily due to product mix, as a higher portion of revenue was generated from high margin, 
aerospace market facing products. However, the segment didn’t recognize additional adjusted EBITDA benefits as SG&A 
costs grew year-over-year. 

2 In AMG’s 2018 Annual Report, the Company was still segmented as AMG Critical Materials and AMG Engineering. Today, the AMG Titanium Alloys & Coatings 
business, which previously sat under AMG Critical Materials, has been consolidated with AMG Engineering to create AMG Technologies. 



B-41 
 

FY2016 vs. FY2015  
 
Critical Materials 
Critical Materials revenue decreased by 7% in 2016, to $702 million, as prices remained weak across most markets. 
Despite this decline, the business units successfully focused on operating efficiencies, cost reductions, price risk and 
working capital management to deliver substantially improved year-over-year results.  
 

Critical Materials gross profit increased by $20 million to $130 million excluding impact of the lower cost of market 
inventory adjustments, driven by improvements in seven of eight business units. Specifically, improvements in tantalum 
and niobium; titanium alloys and coatings; vanadium; and chrome metal were driven by a mix of cost reductions, yield 
improvements, product mix and volume growth. During the same period, adjusted EBITDA increased ~$2 million as the 
increase in gross profit was partially offset by increased SG&A costs from higher incentive compensation and professional 
fees. 
 
Engineering 
AMG Engineering revenue increased 23% year-over-year in 2016. This growth was partly due to higher demand from the 
Asian market, where AMG Engineering has developed a strong technical support network. In addition, demand from AMG 
Engineering’s core markets in Europe strengthened, driven by the ongoing growth in the automotive industry and the 
emergence of titanium powder production for 3D printing applications. 
 

AMG Engineering gross profit rose $8 million year-over-year and adjusted EBITDA grew $12 million year-over-year 
primarily due to increases in the top line. Profitability also benefited from strong end-market demand, new product 
offerings and lower operating costs. The segment saw additional adjusted EBITDA benefits from its extensive cost 
reduction program implemented in 2015. 
 

 
FY2015 vs. FY2014  
 
Critical Materials 
AMG Critical Materials revenue was impacted by falling metals prices in 2015, in particular a 53% reduction in the market 
price of ferrovanadium from $12.78/pound at the end of 2014 to $6.06/pound at the end of 2015.  
 

Despite a weak macro-economic backdrop, AMG Critical Material’s financial performance was solid. AMG’s commitment 
to cost reduction, price risk management, productivity improvement and stringent management of working capital enabled 
it to remain profitable in all eight Critical Materials business units throughout 2015.  
 

Additionally, although there was weak demand in a number of key products, AMG successfully maintained or increased 
sales volume in 2015, with the exception of AMG Aluminum, where production capacity was reduced to address weaker 
market conditions, and AMG Titanium Alloys and Coatings, where a number of low-margin products were eliminated to 
focus on growth in Titanium Aluminides.  
 

Critical Materials gross profit fell from $142 million in 2014 to $111 million in 2015 and adjusted EBITDA fell from $83 
million in 2014 to $67 million in 2015 (excluding non-cash lower cost of market inventory adjustment of $6.5 million), in 
part due to prices of ferrovanadium, nickel and molybdenum operating at or near historic lows. Despite the challenging 
operating environment, the Company’s focus on cost reduction, price risk management, and productivity improvement 
enabled it to remain profitable in all segments. 
 
Engineering 
Growth in AMG Engineering’s capital goods, after sales-service and heat treatment businesses contributed to a 20% 
year-over-year increase in revenue in local currency in 2015. Demand from NAFTA market remained solid throughout 
2015, whereas the deterioration of the economic situation in Asia adversely impacted the second half of the year. A 
weakening euro to U.S. dollar exchange rate in 2015 resulted in reported revenues of $220 million in 2015 and 2014.  
 

Gross profit improved $7 million to $49 million as competitive pricing pressure during the year was more than offset by 
the launch of two new product lines. Engineering adjusted EBITDA improved $12 million to $15 million in part due to the 
segment’s gross profit improvement and an extensive cost reduction program. AMG further benefited from strong demand 
from the aerospace and automotive end-markets resulting in a 10% increase in year-end order backlog as compared to 
2014.  
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Recent Developments – First Quarter Results 

On May 1, 2019, AMG Advanced Metallurgical Group N.V. reported first quarter 2019 revenue of $346.5 million, a 12% 
increase from $308.4 million in the first quarter 2018. Adjusted EBITDA for the first quarter of 2019 was $50.4 million, a 
13% increase from $44.5 million in the first quarter of 2018. Adjusted EBIT increased 11% to $40.4 million in the first 
quarter of 2019 from $36.3 million in the first quarter 2018. 

Key Figures 

Amounts in USD millions Q1 2018 Q1 20193 Change 
Revenue $308 $347 12.3% 
Gross Profit 70 67 (4.2%) 
Gross Profit Margin (%) 22.7% 19.4% 
Operating Profit 35 30 (13.8%) 
Operating Profit Margin (%) 11.2% 8.6% 
Profit for the Period Attributable to Shareholders 18 15 (19.4%) 
EPS – Fully Diluted 0.58 0.47 (18.9%) 
Adjusted EBIT1 36 40 11.4% 
Adjusted EBITDA2 44 50 13.3% 
Adjusted EBITDA Margin (%) 14.4% 14.6% 
Cash from Operating Activities 25 7 (72.0%) 

Source: Company Filings. Note numbers may not sum due to rounding. 
1. EBIT is defined as earnings before interest and income taxes. Adjusted EBIT excludes restructuring, asset impairment and equity-settled share-based

payments and includes foreign currency gains or losses.
2. Adjusted EBITDA is defined as adjusted EBIT adjusted for depreciation and amortization. 
3. The Company applied IFRS 16 (lease accounting) for the first time as of January 1, 2019. The Company recognized new assets and liabilities for its 

operating leases which are primarily comprised of buildings, equipment, machinery and automobiles. Right of use assets are included within property, 
plant and equipment and classified in the same manner as if the underlying assets were owned by the Company. The lease liabilities are presented
as a separate line item on the consolidated statement of financial position. The nature and pattern of expense recognition in relation to these leases
has changed. The Company recognizes depreciation on the right of use assets on a straight-line basis over the expected term of the lease. Interest
expense related to the lease liabilities are recognized over the expected term of the lease using the effective interest method. Comparative figures
have not been adjusted. Assets and liabilities increased per January 1, 2019 by $37 million and depreciation and interest expenses increased in the
first quarter by $1 million.

Profit for the Period to Adjusted EBITDA Reconciliation 

Amounts in USD millions Q1 2018 Q1 2019 
Profit for the Period $18.3 $14.7 

Income Tax Expense 9.7 5.9 

Net Finance Cost1 6.6 8.9

Equity-settled Share-based Payment Transactions 1.6 1.1 

Restructuring Expense 0.2 (0.1)

Inventory Cost Adjustment 0.0 9.9

Others (0.2) 0.0

Adjusted EBIT $36.3 $40.4 

Depreciation and Amortization 8.2 10.0

Adjusted EBITDA $44.5 $50.4 
Source: Company Filings. Note numbers may not sum due to rounding. 
1. Excludes foreign exchange expense (income).
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Operational Review 

 

AMG Critical Materials 

AMG Critical Materials' revenue in the first quarter increased by $20.1 million, or 10%, to $228.6 million, driven by 
improved average vanadium and chrome prices during the quarter, and higher sales volumes of lithium concentrate and 
antimony products. 

Gross profit in the first quarter decreased by $6.4 million, or 14%, to $37.6 million. The reduction in gross profit was driven 
by a non-cash expense related to a vanadium inventory adjustment, additional ramp-up costs associated with lithium in 
Brazil, lower sales volumes in graphite's heat insulation business and a decrease in silicon metal prices. This reduction 
was partially offset by higher chrome metal prices and improved antimony sales volumes. 

SG&A expenses in the first quarter of 2019 increased by $1.7 million, or 9%, compared to the same period in the prior 
year, primarily due to higher professional fees. 

First quarter 2019 adjusted EBITDA margin was 14%, relatively consistent with prior year. 

 

AMG Technologies 

Despite a 7% decrease versus December 31, 2018, order backlog maintained its historically high level of $224.1 million 
as of March 31, 2019 and the Company signed $56.2 million in new orders during the first quarter of 2019. This represents 
a 0.82x book-to-bill ratio, driven by strong orders of heat treatment furnaces for the automotive market and induction and 
re-melting furnaces for the aerospace market. 

AMG Technologies' first quarter 2019 revenue increased $18.0 million, or 18%, to $117.9 million, due to higher titanium 
master alloy prices and higher revenue generated by the delivery of turbine blade coating, casting and nuclear waste 
recycling furnaces. 

First quarter 2019 gross profit increased by $3.4 million, or 13%, to $29.5 million and gross margin was relatively 
consistent at 25% compared to 26% in the first quarter of 2018. 

SG&A expenses remained consistent at $15.9 million in the first quarter, compared to the same period in 2018. 

AMG Technologies' first quarter adjusted EBITDA increased by 40%, or $5.6 million, to $19.3 million from $13.7 million 
in the first quarter of 2018, largely due to higher levels of gross profit. 

 

Financial Review 

 

Exceptional Items 

AMG's first quarter 2019 gross profit of $67.1 million includes exceptional items, which are not included in the calculation 
of adjusted EBITDA. 

Excluded from the $50.4 million AMG adjusted EBITDA (but included in gross profit) is a $9.9 million exceptional non-
cash expense related to a net realizable value adjustment to the vanadium inventory cost position on March 31, 2019. 
This adjustment was driven by a combination of the high vanadium prices at which the Company purchased its inventory 
in the second half of 2018 and the lower comparable price on March 31, 2019. The vanadium price nearly doubled from 
September to November of 2018, and then returned to the September levels at the end of March 2019. This exceptional 
price movement impacted inventory cost position and resulted in a balance sheet adjustment which has been reflected 
in adjusted EBITDA.  Other exceptional items were minimal. 
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Liquidity 

AMG had a net debt position of $14.6 million as of March 31, 2019. Net debt increased by $15.0 million and total debt 
decreased by $0.6 million from December 31, 2018. 

Cash from operating activities decreased by $17.9 million to $6.9 million in the first quarter of 2019, primarily due to higher 
working capital investment at AMG Critical Materials, as well as higher interest and tax payments. 

Capital expenditures decreased to $12.8 million in the first quarter of 2019 compared to $22.6 million in the same period 
in 2018. Capital spending in the first quarter of 2019 included $5.9 million of maintenance capital. The remaining $6.9 
million of capital spending is primarily attributable to expansion projects at AMG's lithium, vanadium and heat treatment 
facilities. 

Including the $366.3 million of cash, AMG had $535.9 million of total liquidity as of March 31, 2019. 

Net Finance Costs 

AMG's first quarter 2019 net finance costs increased to $9.2 million compared to $6.5 million in the first quarter of 2018. 
Interest expenses associated with AMG's long-term credit facility increased due to higher levels of gross debt and higher 
interest rates associated with the long-term nature of the facility. 

SG&A 

AMG's first quarter 2019 SG&A expenses were $37.4 million compared to $35.6 million in the first quarter of 2018, 
primarily due to higher professional fees. 

Recent Events Post First Quarter Results Announcement 

AMG is currently in the process of executing a buyback program for the purposes of returning cash to shareholders and 
funding future share-based employee compensation programs. The program will remain open until October 9, 2019.  ABN 
AMRO Bank N.V. as purchase agent is managing the process through purchases during open and closed periods. 

Share Repurchase Program (as of June 7, 2019) 

Overall progress Share Repurchase Program: 
       Total Repurchase Amount in Shares 2,915,630 
       Cumulative Repurchase Amount EUR 44,976,164 
       Cumulative Quantity Repurchased 1,813,317 
       Cumulative Average Repurchase Price   EUR 24.80 
       Start Date April 9, 2019 
       End Date October 9, 2019 
       Percentage of program completed as at June 7, 2019  62.19% 

On May 1, 2019, AMG's shareholders approved the payment of a dividend of €0.50 per ordinary share over the financial 
year 2018.  

In terms of liquidity, AMG’s balance sheet is strong, and the Company is in full compliance with all debt covenants as of 
March 31st, 2019. 

Though the Critical Materials business continues to experience strong demand for its products, it is experiencing very 
high price volatility, with spot prices for vanadium, chrome, silicon, tantalum and spodumene down significantly versus 
year end 2018. In light of this and similar weaknesses in other materials, in conjunction with the first quarter 2019 press 
release, the Company updated the adjusted EBITDA target for 2019 to be $150 million and announced a target adjusted 
EBITDA of $200 million for 2020. Subsequent to this announcement, market conditions and index prices have continued 
to weaken in the second quarter of 2019 for many of the business’s materials.   
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As noted above, AMG had a $9.9 million exceptional non-cash expense related to a net realizable value adjustment to 
the vanadium inventory cost position on March 31, 2019. As the index prices for vanadium continued to decline in the 
second quarter of 2019, an additional non-cash net realizable value adjustment of approximately $40 million has been 
recorded using the index price as of May 31, 2019.  
 
In AMG Brazil, the lithium concentrate plant startup is proceeding well. In terms of future lithium projects, the Company 
has decided to shift attention to increasing capacity at the Spodumene I plant. This project is known as Spodumene I+, 
and the Company expects it to add an incremental thirty thousand tons of capacity. The significant advantage of 
Spodumene I+ over Spodumene II is that Spodumene I+ can be done within the infrastructure of Spodumene I and 
therefore implies substantially lower capital expenditures and a higher return on capital employed compared to 
Spodumene II. As a result of this change in strategic plans, AMG recorded non-cash impairments of approximately $6 
million associated with capitalized costs for the engineering of Spodumene II in the second quarter 2019. 

The AMG Technologies segment continues to grow given increasing market share for low pressure turbine blades 
destined for the LEAP-X program and focus on titanium aluminide powders for additive manufacturing. Given the growth 
opportunities across the technology offerings of AMG Engineering and the product offerings of AMG Titanium & Coatings 
into the aerospace engine value chain and given the business opportunities embedded in opening up the Build-Own-
Operate business model, successfully demonstrated by Heat Treatment Services for applications in the metallurgical 
upgrading value chain, AMG is presently completing a long-term business plan that lays the groundwork for the option to 
organize AMG Technologies as a separately listed company. 
 
On May 1, 2019, Dr. Heinz Schimmelbusch, CEO and Chairman of the Management Board, presented a comprehensive 
update on the Company's strategic growth projects, including guidance on AMG's long-term financial goals. Based on 
the growth opportunities that exist throughout AMG's portfolio, including AMG Vanadium's spent catalyst recycling 
expansion in Cambridge, Ohio, AMG Mineração's Lithium project in Brazil and the creation of AMG's new segment, AMG 
Technologies, AMG expects to deliver an adjusted EBITDA level of $350 million, or more, in 5 years, or less. 
 
On June 10, 2019, AMG’s Supervisory Board announced that it has authorized the Management Board to explore a 
separate public listing of AMG Technologies. As previously announced, AMG Technologies was formed on January 1, 
2019 by combining AMG Titanium Alloys and Coatings and AMG Engineering. 



[THIS PAGE INTENTIONALLY LEFT BLANK] 



Attachment 13 



EXHIBIT NOT SUSCEPTIBLE TO 
PUBLIC SUMMARY 



Attachment 14 



International Titanium Association 

October 24, 2012 ·  

EVRAZ STRATCOR TO START RECOVERING VANADIUM FROM ROASTED SLAG AT ITS ARKANSAS PLAN 

Hot Springs, Arkansas; September 28, 2012 – As part of its long-term plan to diversify the feed stocks 

used in its vanadium operations, EVRAZ Stratcor’s Hot Springs, Arkansas plant will start processing 

roasted vanadium-bearing steelmaking slag in November 2012. The slag is generated by EVRAZ’s 

steelmaking operations and roasted before being shipped to Hot Springs. 

In addition, the EVRAZ Board of Directors has approved the expenditure of 7 million U.S. dollars to 

construct new facilities that will enable Hot Springs to use greater amounts steelmaking slag in the 

future. These new facilities will enable the plant to resume its historic production levels of 9 million lbs. 

of vanadium pentoxide (V2O5) per year. 

The EVRAZ Stratcor Hot Springs plant currently processes various vanadium-bearing feed stocks – 

including residues, ashes, and spent catalysts that are available from many countries around the world. 

Using roasted steelmaking slag will expand the number of raw materials that the plant converts into 

specialty-vanadium products used by the titanium, chemical, and steel industries. 

“Processing EVRAZ’s roasted slag at Hot Springs will allow us to recover vanadium from an abundant raw 

material,” said Tim Scott, President of Evraz Stratcor, Inc. “It also enables EVRAZ’s worldwide vanadium 

operations to become more vertically integrated from raw materials through the finished product.” 

# # # # 

For further information, please contact: 

John Crane 

+1 212-302-3344 john.crane@evrazstratcor.com

www.evrazstratcor.com
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