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Digitization has demonstrable impact on utility earnings.

Improvement areas, case study, EBIT," %

- 66
Generation Trading Retail Total impact
® Optimized * Improved ® Fewer * |Individual, ® Optimized
plant decision losses new operations
maintenance making * Preventive products and
® Spare-parts  ® Better maintenance *® Beﬁer tmhi_fgﬁmen
r n .
management gﬁz:gll{ * Workforce El,:gtesn? e:j enterprise
* Fudl balance productivity segmentation ~ "©SOUICE
management -~ planning
* Digital
operations

'Earnings before interest and taxes.

McKinsey&Company
Booth A, Mohr N, Peters P. The digital utility: New opportunities and challenges[J]. McKinsey. com, May, 2016.

26



D71

- Qverview

¥z2 AOY . ®ON M1 Aum Do

Ul
o

N
o

w
o

N
o

Number of Publications

[ERN
o

2010 2011 2012 2013 2014 2015 2016 2017
Year

WoSJy A &'Q ¢ 2017-12-31

o

TS=(("smart meter" OR "consumption” OR "demand" OR "load") AND
"data" AND ("household" OR "resident" OR "residential" OR "building"
OR "industrial" OR "individual" OR "customer" OR "consumer"”) AND
("energy theft" OR "demand response"” OR "clustering" OR
"forecasting” OR "profiling" OR "classification" OR "abnormal" OR
"anomaly"”) AND ("smart grid" OR "power system"))

"M 1 [ Data Analytics€ E

Data Analytics is commonly dissectedinto
three stages descriptive analytics (what do
the data look like), predictive analytics
(whatis going to happenwith the data),and
prescriptive analytics (what decisionscan

be madefrom thedata)

DescriptiveE - M K
PredictiveE T D K
PrescriptiveE A2 " K

o7 BertolucciJ. Big data analytics: Descriptive vs. predictive vs. prescriptive[J]. Information Week, 2013.
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No. ésatteﬁ\ Data Source Data Type F%que\y Data Structure
Economic GDP; CPl PMIIT Purchasing
1 : Statistic BurealManagers Inde® | Sales Valug |[Per Monthl| Non structural
Information :
Prosperity Index
Energy Energy : ’
2 || consumptn|| - fciency | e Load Ouput Pover| ygyn | Nop s
Data Platform Q A P
3 Meteorological| Meteorological Temperaturj_g Humidityy Per Day Structural
Data Bureau Rainfall
EV Chargin ChargingPile Currenj \oltage Charging :
4 Data RTU Ratg State of Charge 15Min Structural
Custome Customer
5 | Sarvice VWice : Customer Voice Data al Timme| Non structural
at Service System
: A ~ -, A QP
Variety Velocity
10 million Smart Meters, 15min |:> 60GB per day, 21TB peryear. \Volume
Value???

2 T EV ???7
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Yi Wang, Qi xin Chen, Tao Hong, and Chongqgqing Kang,
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Time/30min
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0 N 20097-1L201012-31 i 548 X
U 1y vy | 48 r
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QUESTION 300

May I ask what age you were on your last birthday?
INT: IF NECCESSARY, PROMPT WITH AGE BANDS

1 18 - 25
2 26 - 35
3 36 - 45
4 46 - 55
5 56 - 65
3] 65+

7 Refused

QUESTION 310

What is the employment status of the chief income earner in your household,
is he/she

1 An employee ’F
2 Self-employed (with employees)
3 Self-employed (with no employees)
il Unemployed (actively seeking work)
5 Unemployed (not actively seeking work)
6 Retired
7 Carer: Looking after relative family
QUESTION 400 OPEN

'I'( IF [ 9316 , 1, 2, 3]
SAVE IN CLASS

What 1s the occupation of the chief income earner in your household?



33

B R1:4 a"YA
E 3 | 0 I n €
[
E n N n | N n I
I v N 0 nr
1 ;1\
So'z 25 ég
€ R €

1€ E W 7 1T N n &'’ X
2€ Ef I ' F 7 0

Yi Wang, Qi xin Chen, Chongging Kang, an-BasecQiSmagt Xi a,
Met er Data Compr es s i OBEE Bansl PoRer Bystem2017,B2(3):RE&2161. o n 0,




¥ Tsinghua University

Original
load profile

Coding

34

[

Dictionary

N 1.74 —
. X =da 8 q<
- Reconstruction
- k=1
: [ X0
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A = [
K-SVD 5, 80 0.099 0.060 0.874 0.793
k-means 80 0.120 0.180 0.786 0.752
PCA 5 0.111 0.167 0.771 0.764
DWT 5 0.141 0.327 0.667 0.688
PAA 6 0.112 0.181 0.706 0.725

Original 48 / / 0.735 0.724
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45 48

Chen,

Age of chief income earner
Chief income earner has retired or not
Social class of chief income earner

Have children or not

House type

Age of the house

Number of bedrooms

Cooking facility type

Energy-efficient light bulb proportion

Floor area

Young(<35)
Medium(35~65)
Old(=65)

Yes

No

AorB

Cl or C2

DorE

Yes

No

Detached or bungalow
Semi-detached or terraced

Old(=30)

New(<30)

Very low(<3)
Low(=3)

High(=4)

Very High(>4)
Electrical

Not Electrical

Up to half

Three quarters or more
Small(<100)
Medium( > 100& < 200)
Big(=200)

Dahua

nf or mat i

on

Gan, Jingwei

Yan@asedDani el
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No.  Question No.  Socio-demographic Information Question Answers Number

Young(<35) 436

| 300 Age of chief income earner Medium(35~63) 2819
Old(>65) 953

2

2 310 Chief income earner has retired or not Et: },52;
AorB 642

3 401 Social class of chief income earner C1 or C2 1840

DorE 1593
22

4 410 Have children or not Eis %662

Detached or bungalow 2189

> 450 House type Semi-detached or terraced 1964

: 2

6 453 Age of the house glﬁ?j:?[)}) ;(1);_},
Very low(<3) 404

7 460 Number of bedrooms II:[?;'](@)) iigg
Very High(>4) 474

. . Electrical 1272

8 4704 Cooking facility type Not Electrical 2960

: . : Up to half 2041

9 4905 Energy-efficient light bulb proportion Three quarters or more 7191
Small(< 100) 232

10 6103 Floor area Medium( > 100& < 200) 1198
Big(>200) 351
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Data Preprocessing Feature Extraction Classification

Cl1:8@6 x 22 C2:16@4 x 20 Pl1:16@2 x 10 F1:320@1 x 1
Original Load Data
11:1% 168 o1 F2:32@1 x 1
/' ) — eu SVM
Originl Feature k \ v / — e — — Output
e Convolution Convolution xpooli N _
12:7 x 24 Layer " layer My propout O1:1x1
Fully Connection
SVM LS PS SS CS Proposed | Improvement 1 | Improvement 2

1 0.562 | 0.563 | 0.539 | 0.533 | 0.571 0.589 1.42% 3.15% E |:|
2 0.652 | 0.659 | 0.602 | 0.569 | 0.687 0.71 4.25% 3.35% J
3 0.474 | 0.458 0.47 0.451 0.512 0.554 8.02% 8.20% 0
4 0.709 | 0.711 0.687 | 0.615 | 0.737 0.752 3.66% 2.04% 67 ’p .
5 0.446 | 0.563 | 0.562 | 0.451 0.584 0.616 3.73% 5.48 % FJ . 0
6 0.488 | 0.576 0.52 0.519 | 0.661 0.702 14.76% 6.20% i
7 0.418 | 0.389 0.42 0.361 0.432 0.454 2.86% 5.09% . .
8 0.584 | 0.605 | 0.574 | 0.574 | 0.652 0.683 1.77% 4.75% I N )
9 0.446 | 0.454 | 0.491 0.409 | 0.547 0.572 11.41% 4.57 % 500 ~ [
10 | 0.539 | 0.538 | 0.516 | 0.499 | 0.552 0.583 2.41% 5.62%

43



Y "Y1

A% 4%

Tsinghua University

44

€

7 1

€
75%
[
€
u Jj 60%
[

8r

b

A E )

A

or

b

ar

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

B Accuracy
[ |F1-5core i
— Accuracy-Average

F1-5core-Average |

1 2

.IHIﬂI

3 4 5 ] 7 ] 9 10
No. of Soclo-demographic Information



v
7
g
versity

2
w
—

Tsinghua Un

time/h

035
025
015
0.05

00EZ
00z
001z
0002
006T
0081
00T
0081
00T
00T
00ET
00zt
00T
00:0T
006
008
00
00:9
00:5
00k
00E
0oz
00:T
00:0

035
03
025

o oo
s 4o
s

0.05

peoj azieuluLoy

time/h

Q8

Q7

Q3

00:€Z
00:ZZ
00'1e
00:0Z
0061
00:8T
00T
0091
00:5T
00rT
O0ET
00zt
00T
00:0T
00:6
00:8
004
00:9
00:5
00:%
00:E
00:T
00T
000

time/h

45



T EZE

Tsinghua University

E e | e - 00 I '
L | 1 f K
E w 0 ¥) - K e N n K
g x10° 1 i I 1
1.0 i i i ' Y ~—Real Time
0.9 09F : : : | Averaged |,
5 osl 11 ‘ I
C 1 11
| 1 11
ollllll, AT o 07F 101 ¢| ]
. 08 B L |
Active occupancy | . E% i ‘ | |
;73 (0.098 ,0.333) il 205 ' ‘ ’
: » g ; |
e Zo04f | | |
03 g 0.3 : |
S Tl 1Y | | - P NI Wl VS . —
0.2 3 - ‘ ‘
| . 2 L B 1
. . = [l : =-,” ‘VWni; n W I '?'( T ! T
oM st 9 ! o e 48 7 . 96 120 144 168
Absence [ Time/Hour
4 | -4 €P "abcabbcaaacabaabbaccbbbchabib

E ] 2 I

YIWang, Qi xin Chen, Chongqging Kang, and Qing Xia, #fAClI
Towar d Bi g Da tIEEE Frgng Snad Grid 2046) HF): 2432447.



p* p2
sl 1E ~ " 0 K
gpn Pio p}n g pg pfz ) pi 2E % |T |
1 ]
&P Pa p12h ql Pa péz : p22| - r
e. u e ... .
e . u : i, Adaptive - - _
8P  Pn2 plnn ] pg pﬁz o pﬁn " k-means
U P R Lo
A A 4 4 A 3 3 N = & .
ep; P P @ P, P, B L1 i
€ 4 4 4 U € 3 3 3 ; —
ép21 P2, Px w é P P P2, S Adaptive T . _
é' H g : k-means ° o % Izjdlg)gggg |
€ .4 4 s ¥ € 3 3 3 e — | L B S
P ‘ Ty b : R
@ nl pn2 pnn U @pnl pn2 pnn ) ik @ ,;_;*
p* p3 R A
Li Mi

Adaptive - - %
#:: k-means ©

)

il | Lk | | Mk -
| o Step1  Step 2 Step 3
o E | F 4 X
6600 i & ) M o A
y 4 n ' DRCn +p

Yi Wang, Qi xin Chen, Chongqgqing Kang, Mi ngmi ng Zhang,
-, Application to De maTsughiRéssenae ansl éechnologdRisv20(2):viBa29.

]
Cie Cie



A%+ %

Tsinghua University

Distribution system operators

or electricity retailers

|
f \

Observer
Meter

Observer
Meter

0 025 05 075 1
MIC Score

Zheng, Yi Wang, Qi xin Chen, and YuanQletermpng Li ,
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w T Lm,t =» MAPE e oFLPE ]
N G
s.1. Lt:n E Len NN A E :wn — 1 Wn, 2 0
o
.F
N | 2 4 8 16 32 64 128 256 5237 Ensemble
w 0.634 0 0 0.271 0 0 0.095 0 0 0 /
MAPE | 4.25% 5.05% 5.29% 4.74% | 5.55% | 4.66% 4.79% 5.09% 5.59% 10.31% 4.05%
RMSE | 210.95 22973 228.01 217.68 2449 217.64 | 227.36 | 232.61 250.27 441.33 202.88
E © LF ny ' 4.25% Y L4.05%
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DahuaG A N, Yi W, Shuoy, et al. Embedding based quantile regression neural network for probabilistic load
forecasting[J]. Journal of Modern Power Systems and Clean Energy, 2018: 1
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(b) Outliers detection by MLR
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5500,
s000L e Real Hourly Load

80% Forecasting Interval
B 40% Forecasting Interval |

4500

Hourly Demand (MW)
n 2 % 3
g 8 8 8

2000

1500

Nov.1 Nov.7 Nov.14 Nov.21 Nov.28

Zone | QRNN MLR MLP LQR | MaxRI
CcT 104.9 111.8  110.8 133.1 21.2% ; w
SEMA | 52.0 569 543 623 | 165% 2010 11 r 2014 vy €
NEMA | 75.7 844 812 969 | 21.9% )
WCMA | 51.6 56.8  55.6  69.2 | 25.4% PinballLoss |
VT 15.3 148 147 196 | 21.9% € (MLR,MLP,LQR < )
NH 31.1 33.8 331 378 | 17.7% (MaxRIv )
RI 25.9 281 273 317 | 183%
ME 22.1 258 251 271 | 185%
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