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December 29, 2022 started the scramble to understand impacts
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Our analytical look at the impacts
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The DOE NOPR announcement

Timing by 2027

Scope of Proposal

Proposed loss reductions

A look at liquid filled transformers

Single Phase

Three Phase

Dry Types

Impact on the steel Industry

10 Thoughts on the Users

11. Summary of Impacts

12. Written Comments due March 27

13. Discussion
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Topics for discussion
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Part 431 Energy Efficiency Program for Certain Commercial and Industrial Equipment

1. The authority citation for part 431 continues to read as foilows:

Authority

42 U.8.C. 6291-6317, 28 U.S.C. 2461 note.
2. Section 431.192 is amended by:

a. Revising the definitions of “Distribution transformer”, “Drive (isofation) transformer”, “Nonventilated transformer”, “Sealed transformer”,
“Special-impedance fransformer”, “Transformer with a tap range of 20 percent or more”, “Uninterrupfible power supply fransformer”; and

b. Adding in alphabetical order, definition for “Submersible distribution transformer”

The revisions and addition read as follows:

Topics for discussion
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Part 431 Energy Efficiency Program for Certain Commercial and Industrial Equipment

1. The authority citation for part 431 coniinues to read as foliows:

Authority

42 U.S.C. 6291-6317; 28 U.S.C. 2461 note.

2. Section 431.192 is amended by:

a. Revising the definitions of “Distribution transformer”, “Drive (isclaticn) transformer”, "Nonventilated iransformer”, “Sealed transformer”,
“Special-impedance transformer”, “Transformer with a {ap range of 20 percent or more”®, “Uninterruptibie power supply transformer”; and

b. Adding in alphabetical order, definition for “Submersible distribution transformer”
The revisions and addition read as follows:

Topics for discussion
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§431.19
Definitions.

TR X ER

Distribution transformer means a transformer that:

(1) Has an input line voltage of 34.5 kV or less;

{2) Has an output line voitage of 600 V or less;

(3) Is rated for operation at a frequency of 60 Hz; and

(4) Has a capacity of 10 kVA to 5000 KVA for liquid-immersed units and 15 kVA o 5000 KVA for dry-type units; but

Topics for discussion
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(&) The term “distribution transformer” does not inciude a transformer that is an -

(iy Autotransfromer;
Drive (isciation) transformer means a transformer that:
{iiy Drive (isoiation) transformer,;
{1} Isolates an electric motor from the ling;
(iiiy Grounding transformer;
(2} Accommodates the added loads of drive-created harmonics;
(ivy Machine-tool {control transformer);
(3) Is designed to withstand the additional mechanical stressed resuliing from an alternating current adjustable frequency motor drive or a

{v} Nonventiiated transformer, direct curent maotor drive; and
(vi) Rediified transformer, (4) Has a rated output voltage that is nefther “208Y/120° nior "480Y/277".
{vii} Regulating transformer;

(viiiy Seated transformer;

ix) Special-impedance transformer; . .
( ) Other definitions of exclusions
(x} Testing transformer, 1. Nonventilated dry-no air flow

{xi} Transformer with tap range of 20 percent or more; 2. Sealed dry means hermetically sealed

= ’ 3. Special impedance outside normal range
{xiy Uninterruptibie power supply transformer; or

{xiit} Welding transformer.

Excluded transformers
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Table IV.8 Efficiency Levels as Percentage Reduction of Baseline Losses Pl it
EL

Equipment Type 1 2 3 4 5 (Max-tech)
Liquid-immersed
<2500kVA 2.5 s 10 [ 20 | a0
=>2500kKVA 40% e 10%% | 2Q** JO**
Low-voltage Dry-type
1$ 10 20 30 40 50
3¢ 5 10 20 30 40
Medium-voltage Dry-type
< 46 kV BIL 30 a0
= 46 and < 96 KV BIL. and < 2500 kVA 30 40
> 46 and < 96 kV BIL. and > 2500 kVA 30%** 40**
2 96 kV BIL and < 2500 kVA 30 3s
=296 kV BIL and > 2500 kVA 30%** 35**

*Equipmentcurrently not subjecrto standards. Therefore reductionin lossesrelative roleast
efficient produect on market.
**Reductionin losses relative toELL

losses proposed to drop: liquid 20%. 1-Phase Dry by 50%, 3-Phase by 40%
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The DOE-NOPR

1-Phase Liquid losses proposed to drop by 20%

1. Al Traut on single phase products
2. Aaron Meyers on 3 Phase products
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Liquid-Immersed Losses Reduced 20% \ (Gpes |®IEEE

Three Phase Minimum Efficiency
Single Phase Minimum Efficiency

DOE  DOE Watt
DOE DOE Watt KVA 2016 NOPR Reduction Submersible and

KVA 2016 NOPR Reduction 15  98.65% 98.92%  20.2% Network Transformers

10  98.70% 98.96%  20.2% 30 98.83% 99.06%  19.8% will remain at the

15  98.82% 99.05%  19.7% 45  98.92% 99.13%  19.6% .

25  98.95% 99.16%  20.2% 75 99.03% 99.22%  19.7% DOE zoisvzlf:'c'e"cy

375 99.05% 99.24%  20.2% 112.5 99.11% 99.29%  20.4%

50  99.11% 99.29%  20.4% 150  99.16% 99.33%  20.4%

75  99.19% 99.35%  19.9% 225 99.23% 99.38%  19.6%

100  99.25% 99.40%  20.1% 300 99.27% 99.42%  20.7% DOE has added

167  99.33% 99.46%  19.5% 500 99.35% 99.48%  20.1% 3750kVA and

250  99.39% 99.51%  19.8% 750  99.40% 99.52%  20.1% 5000kVA to the scope

333 99.43% 99.54%  19.4% 1000 99.43% 99.54%  19.4% of three phase ratings

500  99.49% 99.59%  19.7% 1500 99.48% 99.58%  19.3%

667  99.52% 99.62%  20.9% 2000 99.51% 99.61%  20.5%

833  99.55% 99.64%  20.1% 2500 99.53% 99.62%  19.2%

3750 0.00% 99.66%
5000 0.00% 99.68%



1-Phase Liquid-Immersed Transformers

25kVA Overhead 2016 GO NOPR GO 2016 AM NOPR AM

Efficiency 50% 55C 98.95% 99.16% (-20%) 98.95% 99.16% (-20%)

No-load W @ 20C 60 48 (-20%) 19 21 (+10%)
Load W @ 85C 306 240 (-22%) 465 359 (-23%)
Total W @ 100% 366 288 (-21%) 484 380 (-21%)
Total Weight 348 486 (+40%) 342 373 (+9%)

50kVA Padmount 2016 GO NOPR GO 2016 AM NOPR AM

Efficiency 50% 55C 99.11% 99.29% (-20%) 99.11% 99.29% (-20%)

No-load W @ 20C 96 83 (-14%) 27 30 (+11%)
Load W @ 85C 547 410 (-25%) 853 643 (-25%)
Total W @ 100% 643 493 (-23%) 880 673 (-24%)
Total Weight 810 1173 (+45%) 885 948 (+7%)

Amorphous Winding loss up > 50% over Grain Oriented transformer

12



1-Phase Liquid-Immersed — Overhead Transformers

1ph Overhead 25kVA 12470GrdY/7200 No Tap 120/240

99.50%

99.30%

99.10%

98.90%

98.70%

Efficiency

98.50%
98.30%

98.10%

97.90%
97.70%
97.50%
0.1 D.2 03 0.4 0.5 0.6 0.7 0.8 09 1
Per Unit Load
wmmee OE 2016 GO DOE 2016 AM DOE NOPR GO === DQE NOPR AM

With Loading increasing, best choice transformers are Grain Oriented Electrical Steels



1-Phase Liquid-Immersed — Padmount Transformers

1ph Padmount 50kVA 24940GrdY/14400 No Tap 240/120
99.70%

99.50%

99.30% / —e -

99.10%

98.90%

Efficiency

98.70%

98.50%

98.30%

98.10%

97.90%

97.70%
01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Per Unit Load
e FFF 2016 GO EFF 2016 AM EFF NOPR GO swmnes EEF NOPR AM

With Loading increasing, best choice transformers are Grain Oriented Electrical Steels

14



1-Phase Liquid-Immersed Transformers

Observations

1.

B W N

© N o wu

9.

Total weight of GOES designs are 30 — 50% higher than the 2016 rule.
Amorphous designs are < 10% heavier.
Core flux density of GOES designs are less than Amorphous designs.

Copper HV conductor is needed for many NOPR GOES designs while NOPR Amorphous designs are
able to use aluminum HV conductors.

GOES peak efficiency occurs at 40-50% load while Amorphous peak efficiency occurs at 15-25% load.
Amorphous core loss is 60-70% lower than GOES DOE 2016 designs, but load loss is 20-30% higher.
Cannot get NOPR designs for some single phase ratings > 250kVA

For overhead transformers, some NOPR GOES design weight exceeds the capability of the
transformer support lugs. Also an issue for cluster mounting brackets.

Core material supply “flips” from 95% GOES and 5% amorphous to 15% GOES and 85% amorphous

10.Core fabrication and assembly of Amorphous cores does not use the same equipment and process as

GOES.

15



Relative Total Weight Increase

500 kVA 12470GrdY/7200 - 208Y/120, 95kV BIL, Split Taps, Mineral Oil, Mild Steel
160% -

i

GOES
=@ Amorphous
====DOE 2016 Min Efficiency
===<DOE 2027 Min Efficiency
==«==«DOE Max Tech (40% Reduction in Base Losses)

140%

120%

100%

80%

CY T YT YT T T TPy Y v T T Y Y Y Y Y

60% -

40% -

20%

L

0% @
99.30% 99.35% 99.40% 99.45% 99.50% 99.55% 99.60% 99.65% 99.70%

DOE Efficiency

Max-tech confirmed for this design, amorphous achieves NOPR-2022 efficiency with minimal increase in weight



DOE Efficiency

Liquid-Immersed, Three-Phase, 500 kVA, 12470GrdY/7200 - 208Y/120
99.70% e

99.60%
99.50%
99.40%
99.30%
99.20%
99.10%

99.00%

& ’ Baseline Weight (0%)

98.90% -

98.80% e =

98.70%
10% 20% 30% 40% 50% 60% 70% 80% 90%

Per Unit Load

V4

6500
[

4

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

0

100%

Sum of No-Load Losses at 20°C and Load Losses at 85°C (watts)

Eff GO DOE 2016

e F ff AM DOE 2016
% DOE 2016 Min Eff {99.35%)

TLGO DOE 2016

== =Tl AM DOE 2016

Amorphous cores reduce no-load losses by >70%, non-evaluated designs trade-off no-load for load losses



99.70%

99.60%

99.50%

99.40%

99.30%

99.20%

99.10%

DOE Efficiency

99.00%

98.90%

98.80%

98.70%

Liquid-Immersed, Three-Phase, 500 kVA, 12470GrdY/7200 - 208Y/120

- =
ol

10%

6500 __
§ ) Eff GO DOE 2016
6000 § ——Eff AM DOE 2016
U @ Eff AM NOPR 2022
5500 ?63 s Eff GO NOPR 2022
L 5000 % DOE 2016 Min Eff (99.35%)
- % NOPR 2022 Min Eff (99.48%)
4500 g TL GO DOE 2016
4000 _-; ====TL AM DOE 2016
g == a=TL AM NOPR 2022
3500 .;' = s=TL GO NOPR 2022
&
3000 u
2
2500 .,
(1]
wn
2000 g
o
1500 =
- &
* L & 1000 -
2 500 &
E
0 S
20% 30% 40% 50% 60% 70% 80% 90% 100% b

Per Unit Load

Amorphous-core designs achieve NOPR-2022 efficiencies with minimal increase in weight



Liquid-Immersed, Three-Phase, 500 kVA, 12470GrdY/7200 - 208Y/120

99.70% 6500 __
) Eff GO DOE 2016
el
6000 ® ——EffAM DOE 2016
99.60% £
o —EfAMNOPR 2022
5500 in  esssssEff AM NOPR 2022 + Max Loss
99.50% 0
5000 1‘; e Eff GO NOPR 2022
@ % DOE 2016 Min Eff (99.35%)
0,
99.40% 4500 g % NOPR 2022 Min Eff (99.48%)
~ TL GO DOE 2016
> 4000 ©
g 99.30% g ====TLAM DOE 2016
g 3500 5 ----TLAM NOPR 2022
E 99.20% S = e=TLAM NOPR 2022 + Max Loss
g 3000 .‘;c': ~===TL GO NOPR 2022
QO 99.10% . 2500 O R 4247 Watts Max Total Losses
®
(7, ]
99.00% 2000 &
9
98.90% i -"?"
1000 3
0
98.80% 500 =
[THN
o
98.70% 0 §
10% 20% 30% 40% 50% 60% 70% 80% 90% 100% =

Per Unit Load

Amorphous-core designs with efficiencies surpassing GOES beyond 100% load attainable with reasonable increase in weight



99.70%

99.60%

99.50%

99.40%

99.30%

DOE Efficiency

99.20%

99.10%

99.00%

10%

Liquid-Immersed, Three-Phase, 1500 kVA, 12470GrdY/7200 - 480Y/277

[ 16000 __
(7]
s 14000 >

’ tn

’I 0

e

P 12000 ©

e #

’ S

AN p 10000 o

+3.3% s e

’ =

’ o

s 8000 £

' 4 o

i 2

P P 4 6000 -

& wn

P 2

« (=]

s 4000 S

o Baseline Weight (0%) -]

P @

o S

o 2000 o

=" =
- = = o
£

0 5

20% 30% 40% 50% 60% 70% 80% 90% 100% e

Per Unit Load

Amorphous cores reduce no-load losses by >60%, non-evaluated designs trade NLL for LL

s Eff AM DOE 2016

Eff GO DOE 2016
% DOE 2016 Min Eff (99.48%)

== «sTl AM DOE 2016

TL GO DOE 2016



Liquid-immersed, Three-Phase, 1500 kVA, 12470GrdY/7200 - 480Y/277

99.70% r 16000 __
¥ ——Eff AM DOE 2016
§ s Eff AM NOPR 2022
99.60% 14000 O Eff GO DOE 2016
& e Eff GO NOPR 2022
- % DOE 2016 Min Eff (99.48%)
42000 g % NOPR 2022 Min Eff (99.58%)
99.50% & .58%
P ~===TL AM DOE 2016
10000 _;' @= w=TL AM NOPR 2022
>
[1:]
e 99.40% 9 TL GO DOE 2016
.g 5 ™= ==TLGONOPR 2022
E 8000 g
w : o5
O 99.30% 3
(a]
6000 -
]
99.20% A
a000 S
o]
o
S
y i
99.10% 5506
2
(S0
<)
) E
99.00% 0 =
174 ]

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Per Unit Load

Higher kVA & higher current amplify challenges for GOES designs



Liquid-lImmersed, Three-Phase, 1500 kVA, 12470GrdY/7200 - 480Y/277

99.70% .
E ——FEff AM DOE 2016
+19.5% f;“ = Eff AM NOPR 2022
~r s Fff AM NOPR 2022 + Max Loss
99.60% ©
+10.2% oug Eff GO DOE 2016
= ——— Eff GO NOPR 2022
w % DOE 2016 Min Eff (99.48%)
99.50% Y _
@ % NOPR2022Min Eff (99.58%)
=~ weaaTLAM DOE 2016
> u
() g —===TLAM NOPR 2022
c 99.40% |
o 5 ™= ==TLAM NOPR 2022 + Max Loss
(8]
£ = TL GO DOE 2016
L
w & -TLGONOPR2022
O 99.30% o
P ™~ % 9949 Watts Max Total Losses
T
]
99.20% v
S
o
©
S
99.10% e .
= ol 2000 o
----- ::'_,."':-: o =
_________ ﬁ"l'- (.
‘l' (=]
0 £
99.00% 3
[74]

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Per Unit Load

Amorphous-core designs with efficiencies surpassing GOES beyond 100% load attainable with reasonable increase in weight
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MV Liquid proposed efficiencies translate to the following:

Weights with GOES will increase by up to 50% as will selling prices

Aluminum conductors will be replaced by Copper

Generally, GOES steel will be replaced by Amorphous for smaller transformers

Stacked core construction will be replaced by wound cores up to 1500 kVA

Whether 3-leg or 5-leg construction, circulating 3’4 harmonic fluxes will raise losses by 30%
Audible noise will increase an average of >14+ %

No more domestic steel for transformers up to 1500 kVA

In-house core making will largely cease

Cores will need to be sourced from Amorphous Core maker

10 Large kVA transformers cannot meet the NOPR

el ol L o o

3-Phase MV Liquid losses proposed to drop by 20%




The DOE NOPR

3-Phase Low Voltage

((CEES ‘ ¥ IEEE
Fowar & oy Socon=
1-Phase Low Voltage
2016 NOPR 2022 FOR 2027
KVA Eff Losses Eff Losses | Loss %
15 97.7 124 98.84 62 -50.0%
25 98 179 98.99 89 -50.3%
37.5 98.20 241 99.09 121 -49.8%
50 98.30 303 99.14 152 -49.8%
75 98.5 400 99.24 201 -49.8%
100 98.6 497 99.3 247 -50.3%
167 98.70 770 99.35 382 -50.4%
250 98.80 1063 99.4 528 -50.3%
333 98.90 1296 99.45 645 -50.2%

2016 NOPR 2022 FOR 2027

KVA Eff Losses Eff Losses | Loss %
15 97.89 113 98.72 68 -39.8%
30 98.23 189 98.93 114 -39.7%
45 98.40 256 99.03 154 -39.8%
75 98.60 373 99.16 222 -40.5%
112.5 98.74 502 99.24 302 -39.8%
150 08.83 622 99.29 375 -39.7%
225 98.94 844 99.36 507 -39.9%
300 99.02 1039 99.41 623 -40.0%
500 99.14 1518 99.48 915 -39.7%
750 99.23 2037 99.54 1213 -40.5%
1000 99.28 2538 99.57 1511 -40.5%

3-Phase LV Dry losses proposed to drop by 40%

1-Phase LV Dry losses proposed to drop by 50%
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LV Dry proposed efficiencies translate to the following:

Single Phase Weights with GOES will increase by 250% as will selling prices

Aluminum conductors will be replaced by Copper

Generally, GOES steel will be replaced by Amorphous

Stacked core construction will be replaced by wound cores

For 3-phase, Whether 3-leg or 5-leg construction, circulating 3" harmonic fluxes will raise losses by 30%
Audible noise will increase

No more domestic steel

In-house core making will cease

Cores will need to be sourced from Amorphous Core maker

WRNONMAEWNRE

LV Dry losses proposed to drop 1-Phase by 50%
3-Phase by 40%
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LVDT 3-PHASE 75 KVA

99.50%
l r/ £ ——-— T
99.00% —
,J | — L
![ V ‘1&‘}
98.50% - DOE 2016
+ = )f’_‘\ 7 ) ———
5 * ¥ — ~o~DOE NOPR HODR CU MITER (
258.00% 7 = ~
upo. 7/ N > ~:=DOE NOPR AMORPHOUS
] 7 L '
& ; Jl . i
“57.50% — —
=
o oo - Note 2016
. DOE is M4,
;, Aluminum
96.50% .

0% 10% 20% 30% 40% S0% 60% 70% 80% 90% 100% 110%
LOAD %

3-Phase LV Dry losses proposed to drop by 40%
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Sil000 Copper, Miter s ——r

HiB 0.23 mm

®» am-AA-dgSleg e am-CC-dg5leg
23pdr085-AA-dp 23hib090-AA-sim
1

$1,000

.
]
1
J
]
$6,000 7
P
&=
o™
5,000 .
g3 — Amorphous Aluminum
g and Copper
=
S, 84,000
B
3
% $3,000 ! !
g o ‘ * M3-AA-fm * M3-AA-slm Ventilated Low Voltage Dry-Type
= ' ' * M3-AA-dg * M3-CC-bl h
& ; : o M4-AA-bl o M4-AA-sim 3 Phase, 75 kVA
] ' * M4-CA-fm « M6-AA-fin =
g 52,000 ! ! «23dr075-AA-slm e 23dr080-AA-fm 480-208v/120
S i ' *23dr080-AA-sm  «23dr080-CC-fm
1 ]
| ;
J ]
1 ]
I

[l P

m
r

1
i 1
. L_EL1 t3]  [eLal  [ELS]

98.60% 98.80% 99.00% 99.20% 99.40%
Efficiency at 35% PUL, Temp-Corrected

Figure 5.6.7 Engineering Analysis Results, RU7, 2021

3-Phase LV Dry losses proposed to drop by 40%
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_FOO kVA Cu/ CUIEOD kVA Cu/ CuIF?SD kVA Cu/ CI.II 99.60% 25000

Materials Cost 11% 37% 99.55% - -

— = S~ -
_ . 99.50% 7 = s 20000
Dimensions 1% 2% 8% , PL Sl T ~
99.45% _ ~ 22 e T
Total Weight 5% awn e Y =
M L’ ""-’.‘.' 15000 %—
- 500 kvA Al/AIE2500 kva Al/AIE3750 kvA Al/Al g 2 99.35% -~ 4
& 99 30% T 3
Materials Cost 10% 11% 55% 99 255% 10000 ©
% (=}
Dimensions 1% 2% 9% - -~ =
. 99.20% 4 -~
Total Weight 7% 9% 40% -
99.15% S Sue0
o s . 99.10% £ =" "'
* Aspects of units increase to be compliant 1
with DOE 2027 NOPR e I

T
* Grain-oriented steel sufficient to meet 2027 PerUnit Loa

efficiency levels ——1000kVATL ===-2500kVATL = = 3750kVATL

. = . -1000 kVA Eff. % —— -2500 kVA Eff. % 3750 kVA Eff, %
* Generally speaking Amorphous not needed.

3-Phase MV Dry losses proposed to drop by 10%




Dry-type Medium Voltage Transformers\ @GR | orEEE

The DOE NOPR Impact

e 15 kV primary, 480 V secondary
* Aluminum to 4250 kVA
* Copper > 4250 kVA

e 15 kV primary, 208 V secondary

* Aluminum to 1750 kVA
* Copper > 1750 kVA maximum

* Can only reach these kVAs with highest grades of steel, such as 23D
* For some smaller kVAs (500 kVA and below), it may be possible to use 27D

* Size, weight, and cost of large kVA aluminum units comparable to size,
weight, and cost of large kVA copper units
* May drive market away from large aluminum units

3-Phase MV Dry losses proposed to drop by 10%
e N e s B e o e R A W T RN 65 » L
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2020 Transformational Acquisitions

March2020 @ AL AKSteel

N

December 2020 © ArcelorMittal USA

<~ CLIFFS




Cleveland-Cliffs
End Market a;sld Product Overview

% o—,
Steel Producers |\

34%
¥ Direct 5%
Automotive Plate

Infrastructure & \—0 26%
Manufacturing Distributors &
Converters

Extensive Product Offering

Advanced High-strength Steels £» Grain Oriented Electrical Steels
Aluminized » Hot-dipped Galvanized
Cold-rolled Coil Hot-rolled Coil

Electrogalvanized Non-oriented Electrical Steels

Galvalume 2 Plate

_#& c L I F FS Galvanneal S Rail

Note Based 72— Product Mix includ

Product

Stainless & Electrical

s

Power & Energy Socicly®

< IEEE

I"Slab, Rail, Cther

» 29%
r"/ Coated
(primasily
galvanized)

- 13%
Cold-Rolled

Slabs

Stainless Steels
Stamped Components
Tinplate

Tool & Die

Tubing




Cleveland-Cliffs
Operational Footprint

Windser, Tillsonburg &
Otterville, ON, Canada
+ N
_: + ®Dsarborn
FPT Michigan
++++ $Dearkiom @ Cleveland
Toledo HBI Plant ® Y:o1 ohic +
Indiana Harbor ® @ A Tek and Kote

Burns Harbor + @ Warren

Riverdale® @& Walbridge Mansﬁeld
- |
Bu":‘l;ag;:; g::: OH Covlu:nbus‘ Welrto n' Monessen
Coshocton
IN ® Zanesville
= Middletown
Columbus W
Rackport ~
. Princeton
KY
=

Bowling Green

< CLIFFS

(Eres | @IEEE

Rrwur&Enugy&:mw‘

Conshohocken

A &
Steelton A

Coatesville

BF/BOF steel operations

fron ore mines and pellet plants
Coal/coke production facilities
EAF assets

Direct Reduced Iron

Finishing facilities

Downstream assets

HE = ¢ > 5 @@

-+ Scrap Processing Facilities
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Electrical Steels

Grain Oriented Electrical Steel Non-oriented Electrical Steel
CARLITE®, DI-MAX®
LITE CARLITE®
Mill Anneal
TRAN-COR® H
TRAN-COR X MOTOR-MAX™
Grain Oriented Electrical Steel Non-oriented Electrical Steel
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Core losses for GOES products

Epstein Core Loss

0.60 |
I
0.50 M-3 transformers
"&b - High saturation—2.01T
-
E M-3 LITE CARLITE® Mid level operating flux density — “small” core
(7]
2 040 | -0 CARLITE® 90
; TRAN-COR H-0/M-0H transformers
] High saturation — 2.01T

0.30 - Lower losses

- Higher flux density for smaller core OR same flux
density for lower losses

0.20
1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90

--‘v"“ CLIFFS Flux Density (T)
R R L e e L e e o T R i il S e T
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Impact of 2010 standard

Maximum Core Loss, W/lb.

Approximate | Nominal [Assumed

Minimum

Grades in. (mm) g/cm3 ’ at 10 Oe, kG
15kG | 17kG | 15 kG | 17 kG

e M-2 L 0.007 (0.18) 0307 0479 0395 0.609 18.0
LITE M-3X - 0.009(0.23)  7.65 51 0305 0453 0395 0580 180
AR M-3 s 0.009 (0.23) 0313 0477 0405 0610 180
M-2 18G041  0.007 (0.18) 0307 0488 0395 0620 180
23G045
M-3 B 0.009(0.28) 0.316 0484 0410 0630 180
Oriented M-4 g;ﬁg?} 0011(027) g L 0390 0560 0510 0.740 18.0
Mill-Anneal !
30G058
M-5 oHons  0.012(0.30) 0440 0630 0580 0830  17.8
35G066
M-6 Soa0ee  0.014(035) 0500 0710 0660 0940  17.8

—~ CLIFFS
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Impact of 2016 standard

Maximum Core Loss, W/lb.

Approximate] Nominal |Assumed Minimum

Product ASTM | Thickness, | Density, F}f_f;f‘;‘;’g};’ m 60 Hz Inducation

Grades in. (mm) g/cm?3 at 10 Oe, kG

oy 150 M-2 L 0.007 (0.18) 0307 0479 0395 0.609 18.0
LITE M-3X 3. 0.009(0.23) 765 51 0.305 0453 0395 0580 18.0
DAL M-3 1 0.009 (0.23) 0313 0477 0405 0.610 18.0
M-2 18G041  0.007 (0.18) 0307 0488 0395 0620 18.0

M-3 23G045 4 409 (0.23) 0316 0484 0410 0.630 18.0

23H070

Oriented
Mill-Anneal

> CLIFFS
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Impact of 2022 standard

Maximum Core Loss, W/lb.

Approximate| Nominal |Assumed Minimum

g/cm?3 ! at 10 Oe, kG

15 kG | 17 kG | 15 kG | 17 kG

Qriented
LITE
CARLITE

Oriented I
Mill-Anneal

~— CLIFFS
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Metglas a subset of Proterial and Bain Holdings

Magnetic Properties

Remnant Coercivity, He Max DC

. 3 o Curie %
Saturation induction {T) {(Aim) Permeability Electrical Frmoas e Magnetostriction
induction (T} Resistivity (pOm} = (x10-6)
Annealed Annealed Annealed a
163 153 %] 1.005.000 12 384 27
Typical Core Loss At 25°C**
0.4 ——r T -
llllll
0.35 | -« cmmmBl Hz =beF : bt
_0.3-‘—50Hz,'"3£. - 2 :l
g 025 - - 4
S 024 - '
2 £
E 0.15
8§ 014
0.05 -
0
1 11 12 13 ié 15 1 11 12 13 14 15
Fiux density (T} Flux density (T}

#DT Core Data - 142.2 mwn wide ritbon

Operating Fiux Density

Design induction is dependent upon various considerations such as operating tempsrature, overvoliage
requirements, sound level efc.

Typical Single Phase / Three Phase: 1.42Tesla

Proterial is headquartered in Tokyo, Japan

Maximum operating
induction 13.5 kG
To allow for 10%
overvoltage




Core Steel Types-Amorphous

l ¢ IEEE

inef&&\vaouw'

Metglas a subset of Proterial and Bain Holdings

M = t; 5 Amorphous Metal Transformer Core

www. metglas.com Product Release

Metgias has capabilities in-house to make distribution transformer cores
in order to support our customer designs and their production needs.

Qur Amorphous Transformer cores are manufactured from low foss
Metglas® 2605HB 1M transformer core alloy. This low loss, high
permeability alioy has excelient performance for Single and Three phase
commercial, industrial and distribution transformer applications.

Melgias cores are installed using industry standard transformer assembly
technigues.

General Properties & Characteristics for Metglas® 2605HB 1M transformer core alioy

Physical Properties

Noewinal Peneey Standard Vickers Tensile Theomal Expansion Crystallization
Alloy Composifion  {glem3) Available Hardness Strength Coefficient Temperature
Widths (mm)* Hv-50 g load {Nfenm2} {x10-6 /°C) 20 - 300°C {°C})
422
2005HB 1M FeBSi 7.33 176.2 fiaad 2,100 432 488
2134

' ‘Plsﬂseeum;iesmeﬁrcum‘mm

Usable in small cores
Common available widths of

steel
5.59”, 6.70”, 8.40”

Amorphous impact is both the metal and the core making




Core Steel forecast by the DOE \ Gpes | @1EEE

If no new increase in efficiencies

Table IV.10—Core Material Limits in the No-New Standards Case

Baseline Steei for Liquid-immersed: Baseline Steel for Dry-Type:

« 87% M3 or 23hib030. « 97% M4 or hib-M4 (M3 as modeled).
+ 3% Amorphous {mostly in TOC applications above standards). «3% PDR.

« 10% 23PDR085. « 0% AM.

Note the small impact of amorphous on the Domestic industry today
To fully displace GOES, production must rise from 16000 tons to 200,000



i (@rs | 9IEEE
User Perspective \W@W\

Load Changes

* Changes taking place:

e Solar Panels

* Electric Cars

* Powerwalls
* The latest wrinkle:

* Local government regulations banning new natural gas appliances
*  What loading effect will these have?
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DOE Efficiency Changes

* Too much attention on no-load losses

* Load-losses are more critical to utility as:
* Most single-phase distribution transformer sizing is driven by voltage/flicker
drop
* Most three-phase distribution transformer sizing is driven by customer main
switch size
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Transportation Building Electrification
Electrification

* [ncreasing number of electric

light duty vehicles * Higher efficiency of newer

electric end-uses

e Corporate “green” goals and
policies

* Increasing number of
commercial electric vehicles

* More applications of
autonomous electric vehicles
e 3.3 million US EV’s in 2022

1. EIA has projected 35% increased load over 2022 by 2050, 0.9%/yr.
2. 2021 to 2022 actual load grew 3.3%

* Impact of LEED, Energy Star,
and other “green” codes




Summary..Tota.l Electric Growth now pre’dlcttad by the EIA to be 35% t’)y .2050 \ . @;m | 0 IEEE
Solar and wind generate a majority of U.S. electricity by 2050 1n the

lRe_ference and High Uptake cases

U.S. net electricity generation by fuel “e \
billion kilowatthours eia
No IRA Low Uptake Reference High Uptake

. 2022 o 2022 2022 2022
6,000 history , projections 6,000 history | projections 6,000 history Iprojections 6,000 history , projections
5,000 I 5,000 : 5,000 i 5.000 I
4,000 wind 4,000 4,000 4,000 I

natural
3,000 gas 3,000 3,000 3,000
coal
2,000 nuclear 2 000 2,000 2,000
other™
1,000 1,000 1,000 1,000
0 0 0 0
2005 2020 2035 2050 2005 2020 2035 2050 2005 2020 2035 2050 2005 2020 2035 2050

Data source: U.S. Energy Information Administration, Annual Energy Ouffook 2023 (AEQ2023)

Nete: [RA=Inflation Reduction Act

*Includes ufility-scale and end-use photovoltaic generation and excludes off-gnd photoveltaics.

“*Inciudes petroleum, conventional hydroelectric power, geothermal, wood and other biomass, pumped storage, non-biogenic municipal waste in the electric
power sector, refinery gas, still gas, batteries, chemicals, hydrogen, piteh, purchased steam, sulfur, and miscellaneous technologies.
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Flaws in DOE Model \ —

Electric loads will actually increase, not stay stagnant, especially for transportation.
Higher loads will prefer GOES over Amorphous Cores

OPS Model for scaling to other power ratings inaccurate using the % power of kVA.
Stray and Eddy losses greatly understated affecting high current LV ratings particularly
METGLAS can cover demand as GOES Disappear

Incorrect that Consumers will tolerate up to a 250% increase in cost of transformers
Incorrect that Manufacturers will absorb spent costs in disappearing infrastructure
Incorrect that Manufacturers will not disappear

. Incorrect that Lead times will not increase

10. Incorrect that The industry will remain viable

0 00 HEh (U1 R el

The NOPR will cripple the Distribution Transformer industry
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Summary Recommendations

A. DOE proposed new efficiency standards ]
Unrealistic * DOE needs to rerun designs
B. DOE Designs by OPS not accurate

1. Apply % Power for scaling * Efficiencies need to be

2. Assume eddy losses vary as conductor reduced to keep GOES

thickness squared, actual to thickness™4
3. Material costs in designs off by 50%
4. High kVA efficiencies not reachable

available



\ (@rs | ®IEEE
Summary e

Comments to DOE by email due March 27, 2023

DOE will accept comments, data, and information regarding this NOPR
until March 27, 2023.

Interested persons may submit comments identified by docket number
EERE-2019-BT-STD-0018, by email
(DistributionTransformers2019STD0018@ee.doe.qov), Federal
eRulemaking portal (http://www.regulations.gov).

. Find product information for Distribution Transformers including current
standards and test procedures, statutory authority, waivers, exceptions
and contact information.

Generally Speaking, the more comments, the better the outcome




