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Translation of the Law of conservation of energy into technology

F - _
:“‘ EO ’:: + + -

ASSET DATA & ENERGY & ARTIFICIAL ENERGY ENERGY SAVINGS
EXISTING KNOWLEDGE WEATHER DATA INTELLIGENCE (Aei) INCREASE MTTF
NEW KNOWLEDGE

Asset performance Additional technology added values
sensors_ -

It predicts the

M=

e It ad8pAS 10 8

~

=

different
scenaros




artificial
maimence Effect of descaling closed circuit open cooling towers
Power consumption in kWh

From: 01-10-2020 00:00:00
Until:  22-01-202112:00:00 | | Value: -

0 (@ Instant graph

’ml () Cumulative graph

| Timespan:

Nov 08 Nov 16 Nov 23 Dec 01 Dec 08 Dec 16

Learning period: October 1 — January 22




® e artificial ™
Ae' | eence  Effect of descaling closed circuit open cooling towers enerGG
| CUSUM in kWh

From: 01-10-2020 00:00:00 | | Time: - O Instant graph
| Timespan: | G | export ‘ @
Until:  22-01-2021 12:00:00 | | Value: - @c ive graph

2000

1750

1500

1250

1000

500

Learning period

250

Oct 01 Oct 08 Oct 16 Oct 24 Nov 01 Nov 08 Nov 16 Nov 23 Dec 01 Dec 08 Dec 16 Dec 24 Jan 01 Jan 08 Jan 16

Learning period: October 1 — January 22



artificial
maimence Effect of descaling closed circuit open cooling towers
Power consumption in kWh

I From: 01-10-2020 00:00:00 Ha |wl °>@lnstamgraph

| Pomesoatc| . 2301020 120000 || vlue: - © Cumulative graph

Learning period: October 1 — December 16




® e artificial ™
Ael | ... Effect of descaling closed circuit open cooling towers enerGG

CUSUM in kWh

) From: 01-10-2020 00:00:00 | | Time: - on\ @ () Instant graph
] Ras) Until:  22-01-2021 12:00:00 | | Value: - (e @ Cumulative graph e n e r-

-500

Nearly 15%
savings

-1000
-1500
-2000

-2500

Learning period Monitoring period

—

-3000

-3500
Oct 01 Oct 08 Oct 16 Oct 24 Nov 01 Nov 08 Nov 16 Nov 23 Dec 01 Dec 08 Dec 16 Dec 24 Jan 01 Jan 08 Jan 16

Learning period: October 1 — December 16




artificial
energy
intelligence

[ From Wossese 11, 3016 (O] || Timer -
(TR wott: Dacantmr 15, 3016 2343 [m s

fvw ONNNNN . Tew
" V-
' i Wmt LRI 210008 | (Ve
i
e
[H

L
[Ty
.
"
»mu
"
“w
L

Example setpoint advise
in a sewage water
treatment facility

Cusum of electricity savings in a
building with a production facility
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Condition monitoring relay failure ‘Early Warning’

Installation tree: #  RWS - Eefde\Eefde\Releais storing herk g\Benedenhoofd\ Ol ‘e 1 tiaf O

4 LARWE - Eefte - From: 02-07-2018 000000 | |Time: -
Timespan i xport 0
4, Sefce Untit; 05.11.2013 225050 | | Value: -
* Dew Point Temperature 1.5m 1 Min Avarage
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* Wet Bu Temperature 1.5 10 M Average
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Potential scan for maximising value from energy
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Maximising value from energy

Operations &
Maintenance

_ >
: Al Models creation,
Data near real time

domain knowledge

Energy + PQ . i q'=-MN data and setpoints . g-ldepltln.vmt.ent
— o : application
: optimized early anomaly
real time data setpoints detection
4 ) Operations Predictive
co2 Maintenance
Process Control optimized
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Solution architecture for customers with and without Pl systems

Additional MmICro services

submetering
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Customer Dashboards
Without Pl System

* on-premise installation with access by enerGQ is optional.



Thank you!

Rob Burghard, CEO enerGQ
rburghard@energg.com
+31 (0)6 1091 36 93
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More added values of the Artificial Energy Intelligence Software
that help to reduce the CO2 footprint

It detects /
anomalies early

It determines the

energy saving potential \
It advises the
best energy
saving setpoints

It predicts the
1 energy consumption

) It quantifies the
energy saved

It adapts to a
J"‘f‘ better performance

It analyses
different scenarios
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Law of energy conservation implies that every combination of parameters
relates to an asset’s specific NORMAL energy consumption

Weather (wind speed, wind direction, sun radiation,
ambient temperature, wet bulb temperature, rainfall)

Weather

W = <W1,W2..Wj>

Quantity & Quality of the Energy and Performance
energy (power quality, gas its Quality Condition

; =< >
quality etc) E = <E1,E2..Ei> P = <P1,P2..PI

Setpoints
E,Q=f(P, W, S, asset condition) s = <51, 52...5k>

(all degrees of freedom related to the operation
of the asset (setpoints, controls settings, operational
status of the asset)

Performance (a quantified specific task,
often a combination of water level, speed,
pressure, weight, flows, temperatures etc.)
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Baselining & calculation of potential operational energy savings

(1) (2)

Output % . ’93@
Baseline models of L

normal energy use ~ |
(quantity & quality) LQ

Input
Historical data of energy,
process & weather
+ domain knowledge

Monitoring asset status, and energy savings with Ael

(3) (4)
: CUSUM'’s showing deviations
near real time energy data N
Output

? . Baseline p predicted failure

Input @-] ’9 alarms deviating ¢

near real time data of el o energy use or deviating or savings
process & weather model G

w power quality

> time
~ | LQ Detection of deviation of asset
condition
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Cooling power consumption in kW without learned reference
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Cooling Plain power consumption in kW with learned reference

Sep 06 06:00 Sep 06 16:00 Sen 07 00:00 Sép 07 068:00 Sep 07 16:00 Sep (8 0000 Sep 08 08:00 Sep 08 16:00




[ X artificial | ™
Ae ' energy
) intelligence e n e r

CUSUM in kWh (of power consumption minus learned reference)

40% extra consumption

Wrong setpoints

Sep 07 16:00



Aci’ oo \ enerG@ |

Cooling power consumption in kW without learned reference
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1. What is Aei? l

2. How does it impact CO2 footprints?
3. How can it be applied?
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Oasen searching for energy saving opportunity's and monitoring of assets
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Oasen searching for energy saving opportunity's and monitoring of assets
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Oasen Searching for energy saving opportunit’s and monitoring of assets
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35 kWh per 0,1 bar per day

Average reduction = 0,8 — 0,9 bar based on principe:
Delta P is proportional to square of Flow.

Savings: 35 x 8 x 365 = 110.000 kWh

This is 6% of total: 1.800.000 kWh

This is 30% of energy consumption of distribution.




BfM oude germaal pompen

Recorded 26/08/20 10:23:50.160
Started  26/08/20 10:23:50.000
Triggered 26/08/20 10:23:50,000
Recording time: 0.160 s

Sampling rate: 64 samples/cycie
Frequency: 50.01 Hz

SYMMETRICAL COMPONENTS

1 Positive sequence: 7.60A

Negative
1 Zero sequence unbalance: 0.2%

Cooling fan at
pumping station
lJmuiden

AUS | MnPeak [MaxPeok | Ange
1200
Power Quality Measurements
v-/ \ \/ \\ Vi 2208y 3182y ns2v | oo
32004 v
200< —
: \ / \ 77 N\
: / \ \ / \ / \ ’/ \ R J« \ / \
: / \ / \ / ‘\ / \ / \ / \ / \\ ‘/ \
{ / \ \ / \ / | / \ [ /
A A / / / \ / \ /
Vola: &\ / \\ \\ / \\ / \ / \ / \ / \ / V2 211V {370V 9179V 1200*
A\ f | \ \ f \ [ \ \ f
: J i / / ) / J
: \ // \\\ // \\ ¥ \\ / \\\ / \\. / \ / \ /
e N \ \ \ / \ / \ / b - y \ /
3200+ S s s — ~ S s -
3200+ P =
) ‘! : / / / / /
voh \ f , \ vi [215v|amav w2y 1201
3200+ S - ~ ~
17.00-
ma ; Y ¥
u.,. NV‘/ o {‘Nfr A J\f . Y W " BS4A |-1823A | 15154 | T
| \ / \/ N N
\ \\ ‘\ \ \ \ \/ \ k \»
17.005 :
s Aol r / N "" \
,l' ¥ A ’/ lll / Il'l ',‘ LA |’ \ )'wrll j’ 5. A\ / 'al / ‘.l "vl ll' ff 1 / \ /Avl
: R g Nl fi 140 L $ iy l| R0 A {1 f 1]
: ¥ J H J | J |I [‘l ’J’ | | |IJ| |I d o\ o ] |J \/ \ 4 ‘U |
: | : ./ | W \ Aaf Y A M \
T L L S L 1 LA S | w N L A ' MO @ [ema ema ssesa e
w A { "'. A J "' |"| ) ‘l“ Y “l . | | | |
: | | 5 ; | Ilkv.l [ \ I u‘ / | ‘I L || | A ? | ’I y | I |l Y f ]
3 \ L 2 O 0 \ \ \ J oy 8 O \ \ / L ] \ | \ |
\ |\ \ |/ \ / \/ \ | \/ .\ [\ \ " (O ',J \/
: J \J U U | \
17.00- S— —
17004
le /\/\’\/\f\]\% j\/d o B9S24 [1eg3a | 16134 Mme
\
260820 200829 ) 260820 2610820 260820 200020 200020 260620 26/08/20 10:23:50.000
162350 008 102350020 102350 040 102350 080 102340080 10:23:50.100 1023:€0.120 1023.40.140 10230 180

80
A
120 -\ 60
- <]
Va
150 0
%

f X
e i
“ |
] ‘vli
T >4
| o)

\; lr

A p

¢ £

mn 330

e
v
. X
M0 4 v 200
WIS P
e

26/08/20 10:24:12



BF M oude gemaal pompen Harmonic Spectrum 11 260820 10:22:50.000
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RMS: 8,61 A
HO1 RMS: 749 A

TOTAL HARMONICS
THD: 56.6%

0dd harmonics: 56.6%
Even harmonics: 0.6%
Interharmonics: 0.5%
K-Factor: 19.9

Crest factor; 1.77
Form factor: 1.25

Frequency: 50.01 Kz
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Power Quality Measurements

BFM oude g i p 4 Spectrum 260820 10:23:50,000
Phase L1 Phase L2 Phase LI
V1 THD: L.5% 11 THD: S6.6% V2 THD: 1.8% 2 THD: S1.5% VI THD: 1.6% 10 THD: S50% Wknge Vi

Vi | W% | Pi% | Q1% | Angle V2% | 2% | P2% | Q2% | Angle V3% | 18% | P3% | Q3% | Angle RMS value: 220.3 V
HO1| 1000 100.0 100.0 100.0 747 100.0 100.0 100.0 100.0 5.09° 100.0 100.0 100.0 100.0 8.49° Tf&é’“ -
HO2 0 0 0 0 0 0 0 0 0 [ 0 0 0 0 0 e
HO3 0 48 0 0 132.62° 0.3 6.2 0 0.2 -59.26* 0 1.7 0 0 116.19° Current Tt
HO4 0 0 0 0 0 0 0 0 0 0 0 0.3 0 0 0 RMS value: 8.61 A
HOS 0.8 483 0 32 -80.83° 0.8 431 0 -3.1 -94.02° 0.8 485 0.2 2.5 -112.99° L’Z?Ai?ﬁ;.w Sk
HO8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ;
HO7 0.6 214 0.1 08 -126.37° 0.7 209 0 12 -114.35° 07 22.2 0 1.0 -105.87° Voltage V2
Ho8 0 0 0 0 0° 0 0 0 0 0 0 0 0 0 0 :r:: v:';: 2213V
HOS 0 0.3 0 0 0 0.2 1.2 0 0 -91.26* 0 11 0 0 0 ‘1
H10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 DR INCE R I
H11 0.4 9.8 0 0.2 -132.35° 0.3 8.2 0 0.3 -96.63° 0 9.3 0 0.1 -135.24° Current 2
Hi2 0 0 0 0 0 0 0 0 0 0° 0 0 0 0 0 RMS value: 8.75 A
H13 0.3 56 0 0.1 -145.55° 0.3 5.2 0 0.1 -118.29" 0.3 5.7 0 0 -147.44° T”";‘:‘ﬁ* o
H14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 g e
H15 0 0.5 0 0 0 0.2 1.0 0 0 151.72° 0 0.7 0 0 0 Voltage V3
H16 0 04 0 0 0 0 0.5 0 0 0 0 0.5 0 0 0 RMS value: 221.6 V
H17 0 58 0 0 -164.79° 0.4 5.1 0 -0.2 -122.21° 0 58 0 0 0 THO: ‘-rf‘:m_ o
Hi8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o i T
Hig 0 44 0 0.1 8429 0.3 42 0 0.1 -101.51° 0.3 45 0 0.1 -99.22 Current B
H20 0 0 0 0 0° 0 0 0 0 0 0 0 0 0 0 RMS value: 8.51 A
H21 0 0.6 0 0 0 3 14 0 0 152.93° 0 1.1 0 0 0 ;":;h::::m_ ey
H22 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 2
H23 0.4 7.7 0 0.2 -130.42° 0.7 74 0 0.3 -143.62° 0.7 7.7 0 0.3 -110.76°
H24 0 0.2 0 0 0o 0 0 0 0 0* 0 0 0 0 0
H25 06 8.7 0 0.3 -123.79" 0.7 9.3 0 08 -421.91° 07 7.4 0 0.3 -119.87°
H28 0 0 ()} 0 0° 0 0 0 0 0 0 0 0 0 0
H27 0 28 0 0 0 0.4 16 0 0 -39.55° 0 1.2 0 0 0
H28 0 0 0 0 0 0 0.2 0 0 0 0 0.3 0 0 0
H29 0.4 6.6 0 0.1 -140.55° 0.5 44 0 0.2 -104.71° 0.4 8.0 0 0.2 -104.07°
H30 0 0 0 0 0 0 0 0 0 0* 0 0 0 0 0
H31 0.2 41 0 01 -100.56° 0.2 31 0 0.1 -84.35° 0.3 37 0 0 -105.64"
H32 0 0 0 0 0° 0 0 0 0 0 0 0 0 0 0
H33 0 0 0 0 0 0 0 0 0 0* 0 0 0 0 0
H34 0 [ 0 0 0 0 0 0 0 0" 0 0 0 0 0
H3s 0 0 0 0 0* 0 0 0 0 0 0 0 0 0 0
H38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H3g 0 0 0 0 0° 0 0 0 0 0 0 0 0 0 0
H39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ha0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H41 0 0 0 0 0° 0 0 0 0 0 0 0 0 0 0
Ha2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ha3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Kast RKV 1 pomp 1 ventilator 2 Hoogtoeren
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Introduction to the concept of the Cumulative Sum of the deviation (CUSUM),

a simple example

* Principle: is simple,
sum up the deviation
compared to a norm (an
estimated average) over
time.

e Challenge: How to
determine the norm?

* Answer: By looking at
power consumption at
specific combinations of
contributing factors, which
influence the consumption,
potentially with a delay.

+5

The norm usually changes
,with the variation of
,/ confributing factors and
,/ is not a constant

25hours

Usage
m’/h gas 12 12
A
11
10 10

‘ l l % >
0 5 10 15 20
Cumulative Sum of deviation
m? gas
A Increase = more

than norm \

| | ! | T N

0 5 10 15 20 / 25 hours

I

Decrease = Less
than norm

Horizontal = equal to norm



