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MEASURE

- Event Frames created to be triggered Pl Vision —Time Series Trend
when unit is down, starting up, or
running at steady state.
* Pl Vision utilized when deciding
which attributes to capture and what PIAF Event Frames
. Capture Key Process Indicators
summary analytics were needed for
best analysis of calciner performance
» Query to align EF on an hourly basis
onto a single row.
 Filter Dataset by Relational Fields:
* Product
* Recipe
* Campaign
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i Running 0.5628348 2.453289E-03 302 568632474368 02008538 71.44348
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g Running 04138817 04299414 93.1562761218025. 0.1281288 as0.4985

e LIMS Laborato ry data can be merged Fming 2 sanatn o zaa0rssosrssesazmiana o so00e07 T onses
Running g 0.4200543 0.4533997 88.5530681171817 -0.1277233 3845705

. . Running 25278784 0.1741942. 414.219882189718 0.196907 75.8298
Wlth PI P roceSS data to pred | Ct Running 0.4203337 0.4443289 26.7404389693375 0.1268573) 388,081
Running g -0.5972258 -0.2887268 408 247929732686 0.1513973 1244997

- - - Runniny g 0.4149729 0.4299414 84.805173803338 -0.1262338 389.712
productlon rate and quallty ISSueS Running 0.5588144 0.2571411 414.147331082345. 0213384 71.81888
Running g 0.4115643 0.441864 84.9106852121235 -0.1293062 392.6315

Running g -0.5406891 -0.121073 435.808048328988 0.2040328 ©9.80424

Running 0.174948 0.419342 26.0840458073636 -0.1288737 400.9058

Running g -0.5188184 -0.2796631 400.768687648535 0237988 8087172

Running g 0.2848312 0.9035645 142.866938346426 -0.133588 368.243

Running 0.5268991 -0.2887288 425.40885445341 02082514 20.04122

Running g 0.4027434 0.8423645 171.854726951685 -0.1557973 370.0322

Runniny g -0.5193281 0.2077026 443.191644130481 0.2043968 £1.53143

Running 0.5228884 1.488472 212.481242208815, 0.1425528) 29,8417

Running g -0.5414297 -0.3021851 456.241302642243 0.1967892 8335027

Runnina 0.56820538 1.268311 258.1282968187687 -0.1338389 3891.7454
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Dataset Theory — Continuous Unit Operation - Status Flag

Startup Running Shutdown

,_\\\ALBEMARLE Proprietary information — all rights reserved. ALBEMARLE INTELLIGENCE



Pl Asset Framework Event Frames -
Capturing Key Process Indicators

Phase 1 Phase2 /- Phase 3 Phase 4 Phase 5 Phase 6 Phase 7 Phase 8 Phase 9




1/8/20 12:06 PM 10001 1 8,000 X X X X X X X X X
1/8/2012:07 PM 10001 2 X 200 X X X X X X ¥ X
1/8/2012:12 PM 10001 3 X X 5000 X X X X X X X
1/8/2012:19 PM 10001 3 X Y X 315 X X X X Y X
1/8/20 2:20 EM 10001 5 X X X X 120 X X X X X
1/8/20 2:56 PM 10001 5 X X X X X 600 X X X X
1/8/20 3:06 PM 10001 5 X X X X X X 12,000 X ¥ X
1/8/20 3:11 M 10001 5] X X X X X X X 2.13 X X

g 1/8/20 3:14 PM 10001 8 X Y X X X X X X 25 X
1/8/20 3:19 BM 10001 g X X X X X X X X X 12
1/8/20 3:20 PM 10002 1 8,000 X X X X X X X X X
1/8/20 3:21 PM 10002 2 X 200 X X X X X X ¥ X
1/8/20 3:26 EM 10002 3 X X 5000 X X X X X X X
1/8/20 3:33 PM 10002 3 X Y X 315 X X X X Y X
1/8/205:34 PM 10002 5 X X X X 120 X X X X X
1/8/20 6:10 PM 10002 5 X X X X X 600 X X X X
1/8/20 6:20 PM 10002 5 X X X X X X 12,000 X ¥ X
1/8/20 6:25 PM 10002 5] X X X X X X X 2.13 X X

g 1/8/20 6:28 PM 10002 8 X iy X X X X X X 25 X
1/8/206:33 BM 10002 g9 X X X X X X X X X 12
1/8/206:34PM 10003 1 8,000 X X X X X X X X X
1/8/206:35 PM 10003 2 X 200 X X X X X X ¥ X
1/8/20 6:40 BM 10003 3 X X 5000 X X X X X X X
1/8/20 6:47 PM 10003 3 X iy X 315 X X X X Y X
1/8/20 8:48 PM 10003 5 X X X X 120 X X X X X
1/8/209:24 PM 10003 5 X X X X X 600 X X X X
1/8/209:34 PM 10003 5 X X X X X X 12,000 X ¥ X
1/8/209:39 PM 10003 5] X X X X X X X 2.13 X X

- 1/8/209:42 PM 10003 8 X iy X X X X X X 25 X
1/8/209:47 EM 10003 g9 X X X X X X X X X 12
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1/8/20 12:06 PM 10001 1 8,000 X X X X X X X X X
1/8/2012:07 PM 10001 2 X 200 X X X X X X X X
1/8/2012:12 PM 10001 3 X X 5000 X X X X X X X
1/8/2012:19 PM 10001 3 X X X 315 X X X X X X
1/8/20 2:20 PM 10001 5 X X X X 120 X X X X X
1/8/20 2:56 PM 10001 5 X X X X X 800 X X X X
1/8/20 3:06 PM 10001 5 X X X X X X 12,000 X X X
1/8/20 3:11 PM 10001 6 X X X X X X X 2.13 X X
1/8/20 3:14 PM 10001 8 X X X X X X X X 25 X
1/8/20 3:19 PM 10001 g9 X X X X X X X X X 12
1/8/203:24 PM 10001 2,000 200 S000 315 120 600 12,000 2.13 25 12
1/8/20 3:20 PM 10002 1 8,000 X X X X X X X X X
1/8/20 3:21 PM 10002 2 X 200 X X X X X X X X
1/8/20 3:26 PM 10002 3 X X 5000 X X X X X X X
1/8/20 3:33 PM 10002 3 X X X 315 X b X X X X
1/8/205:34 PM 10002 5 X X X X 120 X X X X X
1/8/20 6:10 PM 10002 5 X X X X X &00 X X X X
1/8/20 6:20 PM 10002 5 X X X X X X 12,000 X X X
1/8/20 6:25 PM 10002 6 X X X X X X X 2.13 X X
1/8/20 6:28 PM 10002 8 X X X X X X X X 25 X
1/8/20 6:33 PM 10002 g9 X X X X X X X X X 12
1/8/206:38 PM 10002 2,000 203 2005 315.2 121.3 600 12,002 2.15 24 12.2
1/8/20 6:34 PM r 10003 1 £,000 X X X X X X X X X
1/8/20 6:35 PM 10003 2 X 200 X X X b X X X X
1/8/20 6:40 PM 10003 3 X X 5000 X X X X X X X
1/8/20 6:47 PM 10003 3 X X X 315 X X X X X X
1/8/20 8:48 PM 10003 5 X X X X 120 X X X X X
1/8/20 9:24 PM 10003 5 X X X X X &00 X X X X
1/8/209:34 PM 10003 5 X X X X X X 12,000 X X X
1/8/20 9:39 PM 10003 6 X X X X X X X 2.13 X X
1/8/20 9:42 PM 10003 8 X X X X X X X X 25 X
1/8/20 9:47 PM 10003 g9 X X X X X X X X X 12
1/8/209:52 PM 10003 8,002 201 a004 315.7 119 599 12,024 2.17 25.5 12.5
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1/8/20 12:06 PM 10001 1
1/8/20 12:07 PM 10001 2
1/8/2012:12 PM 10001 3
1/8/2012:19 PM 10001 3
1/8/20 2:20 PM 10001 5
1/8/20 2:56 PM 10001 5
1/8/20 3:06 PM 10001 5
1/8/20 3:11 PM 10001 6
" 1/8/203:14PM 10001 8
1/8/20 3:19 PM 10001 9
1/8/20 3:24 PM 10001 2,000 200 5000 315 120 600 12,000 2.13 25 12
1/8/20 3:20 PM 10002 1
1/8/20 3:21 PM 10002 2
1/8/20 3:26 PM 10002 3
1/8/20 3:33 PM 10002 3
1/8/20 5:34 PM 10002 5
1/8/20 6:10 PM 10002 5
1/8/20 6:20 PM 10002 5
1/8/20 6:25 PM 10002 6
" 1/8/206:28 PM 10002 8
1/8/20 6:33 PM 10002 9
1/8/20 6:38 PM 10002 2,006 203 5005 315.2 121.3 600 12,002 2.15 24 12.2
1/8/206:34 PM 10003 1
1/8/20 6:35 PM 10003 2
1/8/20 6:40 PM 10003 3
1/8/20 6:47 PM 10003 3
1/8/20 8:48 PM 10003 5
1/8/209:24 PM 10003 5
1/8/20 9:34 PM 10003 5
1/8/209:39 PM 10003 6
" 1/8/209:42 PM 10003 8
1/8/20 9:47 PM 10003 9
1/8/20 9:52 PM 10003 2,003 201 5004 315.7 119 599 12,024 217 25.5 12.5

,_\\\ALBEMARLEQ Proprietary information — all rights reserved. ALBEMARLE INTELLIGENCE



1/8/20 3:24 PM 10001 8,000 200 5000 315 120 600 12,000 2.13 25 12
1/8/20 6:38 PM 10002 8,006 203 5005 315.2 121.3 600 12,002 2.15 24 12,2
1/8/209:52 PM 10003 8,003 201 5004 315.7 119 599 12,024 2.17 25.5 12.5

,_\\\ALBEMARLEQ Proprietary information — all rights reserved. ALBEMARLE INTELLIGENCE



B | = | fen | | [k [

o

=
(=1

-
=

=
(]

-
(]

-
S

-
o

-
=]

-
=

.
(=]

.
w

bl bl el ) L e e e

35

37

39

41

42

43

45

47

12M19M8 13:21:45
121918 19:31:45
12/20/18 1:38:45
12/20/18 7:45:45
1220/18 14.25:45
12/21/18 7.50:45
122118 14:.09:45
122118 20:.24:45
12/22/18 2:37:45
12/22/18 8:33:45
12/23/18 3:43:45
12238 10:00:45
124238 16:50:45
1202318 22:54:45
12/24/18 7:31:45
12/24/18 14:27:45
12724/18 20:33:45
12/25/18 2:45:45
1272518 10:40:45
12/25/M8 17.26:45
12/26/18 0:00:45
12/26/18 6:03:45
1202818 12:556:45
120288 19:22:45
12/27/18 1:04:45
12/27/18 6:48:45
123TME 12:44:45
12/27/18 18:52:45
12/28/18 0:59:45
12/28/18 7.08:45
122818 16:17:45
1Z2BME 22:40:45
12/29¢18 5:20:45
11119 18:03:45
1112189 2:10:45
1M12/19 8:18:45
1M12/19 15:02:45
1112119 21:23:45
11319 4:11:45
11219 10:29:45
1119 17:18:45
1M A19 23:45:45
11419 6:23.45
11419 12:50:45
111419 18:23:45
111619 1:47:45
1/M16/19 8:09:45
1M15/19 14:28:45

13691
13692
13693
12684
13695
13695
12697
13608
13699
13700
13701
13702
13703
13704
13705
13708
13707
13708
13709
13710
13711
13712
13713
13714
13715
13718
13717
13718
13719
13720
13721
13722
13723
13725
13728
13727
13728
13729
13730
13731
13732
13733
13734
13735
13738
13737
13738
13738
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3041
303.0
3T
202.7

3056
3049
2039
3032
3037
30659
3037
3082
31186
309.4
209.5
3122
209.8
310.2
3124
3091
3087
327
3078
3083
3088
3138
207.8
207.0
209.8
208.8
3128
307.0
30789
3007
3053
3031
308.0
3025
202.4
3029
3049
3033
037
3043
3059
3099
3121

&0.0
802
&1.4
81.8
109.1
81.4
827
B3.4
812
809
799
809
851
8159
&1.4
842
85.8
822
81.5
851
B4T
839
839
554
847
&38
B4.4
847
85.2
85.0
856
26.3
850
B6.4
879
554
8356
&40
828
828
825
83.1
83.5
239
839
836
B3T
536

2098
2048
2228
2316
2060
1227
2054
2081

2013
2140
2176
20684
2048
2050
20432
2068
2050
1877
2055
2022
2148
2022
2051
1871
2158
20159
1897
2097
2012
1937
1853
1852
2031
189687
1966
1944
1797
1735
2008
1848
2076
2041
2025
2013
2004
1977
1880

445
445
445
445
44.5
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45

55 &

45
45
45
45
45
45
45
45
45
45
45
45
45
45
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45
45
45
45
45
45
45
45
45

104
101
101

108

97
a7
a7
107

£8 %88 %%388¢e88s

alalala
[=T ===
- A=

104
102
118
120
117
108
118
117
117
118
119
118
116
119
117
117
118
120
121
118
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107
138
128
132
160
148
148
144

a7
117

a7
137
137
128

182
108
112
244
167
168
139
173
137
111
108
112
120
128
130

120
130
438
1668
108
152
128
158
132
124
122
140
138
136
120
121
124

#Esdsadd4d4

30
31
82
74
71
74

7o
T2

a0
T2

21
a1
a0
a0
Te

N
85
25
23

26
a4
a2
a5
a3
a2
a0
81
a0
21
a2
a2
a2
21

184.48
184.01
184.13
184.01
182.23
182.42
182.27
162.08
182.21
18212
18238
18226
18229
18270
182 .48
181.79
18227
182.32
182.21
182.22
15878
158.57
18228
18218
18226
182.03
181.58
161.29
181.53
181.82
181.21
161.08
18117
180.93
180.92
180.97
180.98
180.93
180.85
180.97
160.97
180.89
180.99
161.01
181.83
181.73
181.88
181.91

7148
T148
7145
7151
7150
7149
7151
T180
7150
7150
T148
7148
7181
71582
7155
7157
7153
7156
7153
71564
7151
7158
7153
7150
71580
7145
7147
7149
7150
7151
7151
7181
7151
T148
7150
7151
T148
T148
T1a4
7147
T147
7145
7147
7147
7147
7148
7148
T147

84193
6380.6
63861
6327.4
6338.3
5447.5
6362.6
64069
64403
63239
8525.2
61975
684144
8028 .4
58823
570E.0
6245.2
5818.0
6042.8
6183.0
6091.4
58120
8170.2
61023
8211.3
62331
63338
6197.8
6237.0
§1683.3
55048
68009
63563
65876
63293
6336.5
82772
64337
82838
§282.8
5045.4
86235.5
51481
1711
6187.4
62798
62872
60959

23
23
23
2.2
2.3
23
23
22
22
23
23
22
22
23
2.4
2.2
2.2
2.2
3.0
29
28
28
28
29
29
29
29
238
29
27
27
29
27
29
28
28
28
29
29
27
29
29
29
29
30
29
29
2.4

8347334
84059153
8478828
£499.295
8611.963
8683.598
B8832.448
T7a0.021
2021.211
B285.421
7762582
6291 748
7568.285
10093.03
1132012
1183272
9536.7
11451.2
11545.26
10247.01
BE02.6868
1138013
5811818
T058.47
T108.458
8123548
8755883
£922.822
2011.07
9935.528
9986.975
10468.281
8537.83
101042
T185.784
10048.31
B8855.888
59241 389
8245879
DE04.854
9181.218
9758116
9389.709
9540.422
9524 605
5932 086
5844 638
1044004

ALBEMARLE INTELLIGENCE



Statistical

Process Control

Machine
Learning - SPC
* Eliminating Noise
Statistical Process * Focus on What Matters

Control

Data Organization /‘ /‘ /‘

NORTHWEST ANALYTICS

AA mxAA ’wq

! . 7 !
PR AT PR R YWAT S Al

NALBEMARLE

Proprietary information — all rights reserved. ALBEMARLE INTELLIGENCE



3 Month Pl Vision Trend — No Event Frames
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3 Month Statistical Analysis —w/ Event Frames
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Real Time Machine Learning - Pilot

L J
- - - - - - - - - - - - - - - - - - - -
1/1/2017 10:04 AM 315.24  69.08 66.76 315.23 314.94 69.49 67.85 0.39 59.09 68.3 14.45 2.7 106.9 69.94 70.16 0.97 70.64 35.17 71.26 0.09 77.47 115.23
1/1/2017 2:04 PM 315.25  72.77 7046  315.25 314.93  74.69 7121 To27 74.35 7218 1395 a7 "106.9 721 73.81 "1.05 74.27 "35.2 "78.68 "o.01 7a.53 "16.77
1/1/2017 6:04 PM 315.25  70.06  70.28  315.22 314.94 70.74  69.55 0.26 71.43 7116 1as2 Taeo "106.9 "73.63 72.43 "1.19 71.67 "34.9 "73.95 "o.01 "72.45 "117.75
1/1/2017 10:04 PM 315.25  69.33 "9 315.22 31494 Bos "s8.72a 026 's9.91  '69.9 fa62 Toes "106.9 "73.46 71.64 .14 70.72 "34.99 "71.69 "0.01 "70.91 R17.6
1/2/2017 2:04 AM 315.25 71.28 70 315.23 31494 7185 "70.a2  "o.26 71.83 7104 413 a7 "106.9 "73.83 "73.59 .14 "72.62 "35.24 "73.16 "0.01 "71.82 "117.7a
1/2/2017 6:04 AM 315.24 70.32  70.77  315.24 31484 7188  70.17  0.27 72.57 7138 9.87 "2.7 "l06.9  7a.96 73.33 .27 3.7 "35.25 73212 ool 7168  117.79
1/2/2017 10:04 AM 315.35 67.37  66.53  315.23 31494 66.61  66.41  0.31 56.8 57.86  9.73 "7 "06.3  73.05 '58.16 1 71.07 3511 B5.79 "0.02 s7.94  110.88
1/2/2017 2:04 PM 315.24  72.6 70.4a5  315.25 31493 Fes1  7iss o2 7a.32  73.39 Bas 2.7 o069 731 73.35 .01 74.33 "35.43 76.99 "o0.02 71.21 "111.07
1/2/2017 6:04 PM 315.25 69.46  70.5 315.22 31494 TF1.2 B9.42  0.29 7171 725 "5.29 "2.69 069 73.65 71.14 .26 73.65 "34.75 71.9 "o0.03 71.06 "113.04
1/2/2017 10:04 PM 315.26  65.35 "66.98  315.22 31495 65.69 "65.58  0.31 56.52  68.17  9.78 27 "106.9 71.78 "66.99 .32 "70.47 "34.54 "66.6 "0.03 "68.65 "113.66
1/3/2017 2:04 AM 315.27  62.47  64.01  315.23 314.95 62.36  62.83 0.28 "63.09 "64.9 0,02 o7 "106.9 "69.21 "63.93 .31 "67.93 "34.43 "63.14 "0.04 "66.31 "113.21
1/3/2017 6:04 AM 315.27 62 "62.14 31522 31495 5152 ‘189 0.21 '61.67  63.14  10.15 a7 "106.9 "66.69 "63.17 .23 "67.0a "34.54 "61.41 "o.0a "64.67 "12.25
1/3/2017 10:04 AM 315.25  70.95 "67.62 31524 31493 7135 B9.2 0.a 70 "69.55 '5.12 a7 "106.9 "67.99 "70.66 .15 "7a.41 "35.3 0.1 "0.0a "s8.28 "12.48
1/3/2017 2:04 PM 315.25 75.14  73.68  315.35 314.92 78.27  7a.4 0.33 76.77  75.55  8.33 = "l06.3  72.13 4.7 .19 76.48  35.29 s.88  _0.04 7277 11421
1/3/2017 6:04 PM 315.25 68.58  70.93  315.22 314.94 69.79  69.15  0.37 71 7167 9.2 2.7 "os.s 7351 70.12 .39 73.23 "34.95 70.35 "o0.04 71.37 "115.07
1/3/2017 10:04 PM 315.26 57.85  61.3 315.24 31497 5713 S3.39 na sg.75  61.35  10.42 2.7 "06.9  s8.05 S5.9 .33 66.71 "34.53 56.77 "o0.04 "64.45 112.55
1/4/2017 2:04 AM 315.26 51.47  53.69 315.25 31497 50.35 "s3.03 0.36 's1.17 5414 1095 "2.69 "106.9 "60.35 "53.53 "1.36 "60.46 34,21 9.4 "o.05 "57.85 "108.46
1/4/2017 6:04 AM 315.27  49.93 s0.67  315.25 314.97 48.83 "51.13 0.38 "ag.88  51.35 "10.95 27 "106.9 "55.26 "51.69 "1.33 "57.79 34.21 "a8.02 "0.05 "sa.56 "105.98
1/4/2017 10:04 AM 315.26 53.9 52.12  31s.25 31497 5332 Baa3 0.a7 's2.38  s3.57  10.33 "2z "106.9 "s5a.aa "53.63 .22 "57.33 "34.64 "s5a.27 "0.04 "sa.88 "163.93
1/4/2017 2:04 PM 315.28  56.45 s5.54 31524 31497 'se.ss  S6.93 0.a2 "s6.a s6.76 10.0a 2.7 "106.9 "55.53 "s6 .22 "57.61 "34.53 "61.01 "38.56 76.77 "164.79
1/4/2017 6:04 PM 315.25 54.87  55.61 31525 314.97 s4.84 5593 0.36 sa9s 5619 1048 Ca7 "o6.9  56.28 "sa.98 .32 S6.54  3a38  B2.73 2.1 's0.35 "160.54
1/4/2017 10:04 P 315.26 54.81 5496  315.25 31498 53.89 5542  0.34 Sa.02 55.26 105 "2.7 "l06.3  44.29 51.12 55.12  56.54 348 70.11 421 B1.62  143.18
1/5/2017 2:04 AM 315.26 54.73  55.03  315.25 314.97 54.26 55.51  0.26 sa.39  s5s5.22 1045 T2y 06,9 50.75 s3.16 "59.79 's9.06 "34.38 73.37 az1 '63.88 "133.87
1/5/2017 6:04 AM 315.26 54.97  54.85  315.25 314.97 54.39  55.57  0.27 sa.41 5523 1041 27 06,9 53.09 Sa.14 57.51 'sg.01 "34.43 67.03 Gz "65.01 "127.69
1/5/2017 10:04 AM 315.28  57.05 56.07  315.23 31497 56.81  57.23 "0.29 s6.54  56.7 002 T2y "106.9 sa.82 "56.3 "s5.86 "59.77 "34.58 "64.3 2.1 "67.05 "43.61
1/5/2017 2:04 PM 315.28 57.92  57.29 315.23 31496 57.82  58.15 0.26 s7.77  57.86 10,02 2.7 "106.9 "56.6 57.36 "s8.41 "s0.58 "34.58 "64.85 Ta2.1 "68.6 "172.81
1/5/2017 6:04 M 315.27 56.52  57.27  315.24 31497 56.61  57.38  0.28 '57.13 "57.39 0.1 a7 "106.9 57.6 "s6.82 "a0.51 "s8.26 "34.45 "65.85 Ta2.1 "68.63 "172.95
1/5/2017 10:04 PM 315.27 50.64  52.8 31525 31495 asaz 5231 o3 '50.53 5247 w077 a7 "106.9 "s6.48 514 "ag.51 "s3.88 "34.18 "66.86 Ta2.1 "65.68 "172.72
1/6/2017 2:04 AM 315.28 4771  49.27  315.25 31496 46563  4as.ag 0.3 723 msas 1wo0ma T2z "l06.9 5422 as.6 996 525 411 6714 aza 63.32  153.7a
1/6/2017 6:04 AM 315.3  42.85 45 315.35 314.96 41.43  45.17  0.35 4314 masz 1137 2.7 "06.9 5134 "aa.28 "59.59 "a9.49 33.88  65.34 421 'B0.28  145.31
1/6/2017 10:04 AM 315.31 41.29  42.46  315.25 314.97 39.8 az.as  0.39 fa001 az22 mass Tazy "06.9  as.es az.15 "99.61 "a7.27 33.8 "63.83 az1 57.42 "153.45
1/6/2017 2:04 PM 315.31  39.53  40.49  315.25 314.97 37.94 4162  0.41 B804 a0 1177 27 "o6.9  ae.ss a0.18 595.76 a6.3a B3.6 61.47 Gz 'sa.86 "155.64
1/6/2017 6:04 PM 315.31  38.47  39.39 315.25 31498 36.99 "a0.68  D.48 "37.05 3871 1179 27 "106.9 aas7 "38.75 "99.76 "a1.82 "33.52 "s0 2.1 "s3.58 "160.37
1/6/2017 10:04 PM 315.31  34.85 "36.54  315.27 31497 32095 3753 o.51 33.27 3532 12025 "a7 "106.9 "a3.38 "35.34 "a9.81 "a1.85 "33.3 "57.76 Ta2.1 "51.39 "168.53
1/7/2017 2:04 AM 315.31  32.71  33.84  315.29 314.98 30.46  35.46  0.56 o051 B273 "12.35 a7 "106.9 "39.85 "33.02 "a99.79 "39.43 "33.29 "56.22 Ta2.1 "a8.9a "177.2a
1/7/2017 6:04 AM 315.31 21.44 3243  215.31 314.99 28.69 3426  0.59 2876 s0.82 1247 2.7 "o6.9  37.58 "31.55 99.74  23.59 "33.19 5714 aza a7.oa  1m0.77
1/7/2017 10:04 AM 315.31 36.61  34.26  315.26 314.97 33.51  37.8 ‘0.35 33.35 3349 1192 2.7 "l06.3  35.58 34.6 95.58  al.e4  33.832  56.31 421 as.e2 18127
1/7/2017 2:04 PM 315.3  44.16  41.53  315.25 314.96 45.75  45.6 0.72 az.67  azzz 1052 Taz "06.9  38.44 a0.75 "87.52 2a.3 34.36 's9.17 2z "a7.65 "181.79
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Real Time Machine Learning - Pilot

Factor 2 (8.7%)

ALBEMARLE INTELLIGENCE
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Real Time Machine Learning - Pilot

“ Factor 1 (29.9%)

Factor 2 (17.8%)
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Real Time Machine Learning - Pilot
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Real Time Machine Learning - Pilot

NALBEMARLE
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Albemarle Intelligence - Infrastructure
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Machine Learning Model
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Digital Workforce

UNIT_OP_STATUS_FLAG_END_A
Down

B On Water
Running

Shutdown

@ StartUp
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Digital Workforce
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Digital Workforce

NALBEMARLE
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Digital Workforce
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Digital Workforce
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Digital Workforce

SHIFT_END_A
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Digital Workforce

SHIFT_TIME_END_A
[ Day
| Night
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Digital Workforce

Temperature_Avg
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Digital Workforce

DS1.WEATHER_AMBIENT_TEMP_AVG_|
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Machine

Learning  Complete
Automation

Statistical Process

Control * Self Learning

Data Organization
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Statistics

Machine
Learning
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ALBEMARLE PEOPLE,
empowered by technology,
unlocking the value of information.



Albemarle Intelligence - Infrastructure
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Improvement Project List

NALBEMARLE

Manufacturing Engineer
Mechanical Engineer
Controls Engineer
Chemical Engineer
Chemical Engineer
Chemical Engineer
Chemical Engineer
Mechanical Engineer
Electrical Engineer
Mechanical Engineer
Controls Engineer
Chemical Engineer
Electrical Engineer
Chemical Engineer
Chemical Engineer
Mechanical Engineer
Electrical Engineer
Chemical Engineer
Chemical Engineer
Controls Engineer
Chemical Engineer
Chemical Engineer
Chemical Engineer
Chemical Engineer
Chemical Engineer
Chemical Engineer
Electrical Engineer
Chemical Engineer
Chemical Engineer
Chemical Engineer

Department

Unit Op

Maintenance - Mechanical Continuous Unit Operation #1

DCS

Research & Technology
Research & Technology
Research & Technology
Operations

Batch Unit Operation #2
Continuous Unit Operation #3
Continuous Unit Operation #4
Batch Unit Operation #5
Batch Unit Operation #6

Maintenance - Mechanical Continuous Unit Operation #7

Maintenance - |I&E

Continuous Unit Operation #8

Maintenance - Mechanical Batch Unit Operation #9

DCS

Operations
Maintenance - I&E
Research & Technology
Operations

Batch Unit Operation #10
Continuous Unit Operation #11
Batch Unit Operation #12
Continuous Unit Operation #13
Batch Unit Operation #14

Maintenance - Mechanical Continuous Unit Operation #15

Maintenance - I&E
Research & Technology
Operations

DCS

Research & Technology
Operations

Research & Technology
Research & Technology
Research & Technology
Operations
Maintenance - I&E
Research & Technology
Operations

Operations

Continuous Unit Operation #16
Batch Unit Operation #17

Continuous Unit Operation #18
Batch Unit Operation #19

Batch Unit Operation #20

Continuous Unit Operation #21
Continuous Unit Operation #22
Continuous Unit Operation #23
Continuous Unit Operation #24
Continuous Unit Operation #25
Continuous Unit Operation #26
Continuous Unit Operation #27
Batch Unit Operation #28

Continuous Unit Operation # 29
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Entitlement
$126,000
In Progress
$100,000
$80,000
$10,000
$50,000

In Progress
In Progress
$222,000
In Progress
$450,000
In Progress
$600,000
$18,000
$60,000

In Progress
$150,000
$80,000

In Progress
$200,000
$67,000

In Progress
In Progress
$135,000
$350,000
$10,000
$37,000
$100,000
$844,000

Total $3,700,000
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Process Optimization Academy — “Eurekas”

FE

Ll R S0

veesh bod bessssnsssssrsasosd 3 unned berert " bod baaset +7

3oR0 | dns0 | 3am0 | do/im0 | A0/1220  lopa4ja 11640 | 117520 12760

T T T T
17520 LA 1As 1T
TiEE 45005 $2303 22033 142810 90926 225404 202700

185345 130753 100205 04914 174020

SN i)

12411420 12/14/20  12416/20  12f22f20 13j77f0  12/51/20  1j2/21 1421 1/7/21

1f18/21  146/21  LAT/2L 1/21/21 1/26/21
33523 195302 210000 152702 140647 130803

132602 210700 213145 83400 140000 130000 110202

NALBEMARLE

10/2/20  10/9/20  10/15/20 10/21/20  10/28/20 11/11/20  11/19/20 11/27/20  12/5/20 12/14/20 12/28/20 12/s1/20 1/6/21 1418/21  L/ez/21
12511 40042 100311 62541 7:35:49 22645 100053

115245 64234 162210 121954 32008 225248 204501 183551

180

10/2/20  10/9/20 104520 10721720 1028420 11/11/20 1148720 11427/20  13/5/20 121820 12/25/20 123120 1f6/21  L/14/21 Lj22/21
12511 40042 100811 62541 78549 22835

100055 115245 64234 162210 121954 32008 225248 2000501 183551

Proprietary information — all rights reserved.

PR Yl w

E 8320  BA2/20  8/28/20  9/8/20  9/20/20 10/4/20  10A8/20 114020  1L/16/20

11/29/20  12/9/20  12/24/20 17421 1A7/21
70000 SO000 220000 30000 100000 230000 220000 90000

120000 200000 160000 120000 220000

25

A

10/2/20  10/3/20 10/15/20 10/21/20  10/28/20 1L/11/20 1171920 11/27/20

125/ 12/14420  12/423/20  13/31/M0 LAl 1A421 Lgafm
12511 40042 100311 62541 73543 22845 100053

115245 64234 162210 121954 32008 225248 204501 183551

ALBEMARLE INTELLIGENCE



rocess Optimization Academy —
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Albemarle Intelligence — Engineer Improvement Project

Capacity & Quality Improvements
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Albemarle Intelligence — Engineer Improvement Project

Downtime Reduction & Environmental
Improvements
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Albemarle Intelligence — Engineer Improvement Project

Maintenance Equipment Reliability
Improvement
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Albemarle Intelligence — Engineer Improvement Project
@
Raw Material Utilization, Quality, and —
Customer Satisfaction Improvements } v
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Albemarle Intelligence — Engineer Improvement Project

Quality and Rate Improvements ===

$840,000/,. ﬂ
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OIlL & GAS

World-class upstream operations

Challenge

* Scaling Machine Learning & Al
across a global enterprise, within a
Specialty Chemical Company with
thousands of unigue chemical
processes and data sources

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.

Solution

* Deployed the latest AVEVA
Pl System technology including PI
AF, Pl Event Frames, Pl Analytics,
Northwest Analytics SPC, and
Sartorius SIMCA Multivariate
Analysis

AN EN ARG

Benefits

* Increased production and
operational efficiency, reduced
costs, mobile inspections,
exception-based surveillance,
significantly accelerated ‘Time to
Value’ for Advanced Analytics &
Machine Learning projects

AV=VA



Jonathan Alexander

Manufacturing Data Analytics Leader

* Albemarle

* jonathan.alexander@albemarle.com
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DZIEKUJE Cl , TAPADH LEIBH KEA LEBOHA
NGIYABONGA w I-u sasenanaa MISAOTRA ANAO E

DANKIE TESEKKUR EDERIM é WHAKAWHETAI KOE = 2
TERIMAKASIH %5 DANKON TANK TAPADH LEAT o5
CNACNBO GRAZIE MATURNUWUN xBanasam MULTUMESC

PAKMET CI3TE n)2e < FAAFETAI
GO RAIBH MAITH AGAT S wsdt GRAZIE lJS-“-’ < ESKERRIK ASKO

snaronapa GRACIAS 3 THANKYOU TEgEll;wéLE%EW

TUBNATOAAPAM L || - EYXAPISTQ GRATIAS TIBI 'S OBRIGADO
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RAHMAT MERCI GRAZZI pakkaptr 5Ub\&j:$b\$l’r— ':[ DI OU MES|
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CAM ON BAN Z UA TSAUG RAU KOJ
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