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ABSTRACT

Despite the global promotion of Smart City, there is currently no standard for smart water grid development, and it is not possible to judge
the success of Smart City. There is a clear need to establish the requirements and goals of the Smart Water Grid and accurately diagnose
and improve the limitations and problems of the existing Smart Water Grid. For this purpose, it is very important to use the index suitable
for Smart Water Grid goals. In this study, we developed Smart Water Grid Index which can be used to evaluate the target measurement
and attainment of Smart Water Grid and can be utilized based on the implementation plan for Smart Water Grid in the future. Through the
development of the Smart Water Grid Key Performance Index (SWG KPI), we will lay the groundwork for continuous capacity
evaluation of the Smart Water Grid and improve the reliability of the Index. It is expected that it will be possible to prepare and evaluate a
Challenge Evaluation Card for the planned Smart Water Grid by providing an evaluation table for grid competency evaluation.
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2. ADIEQIE{O2|E WA B &M

2.1 ADLEAE| ‘Water 20} HI[A|H 2 714

AAAA 02 ATEATE] 73 245 919t B7FEo v B B SO Al et H AV FEskE Al AR 71
9 E= 7|9 AREATE B7HE 913 BV A EE Aokl Qltk AUPELJE ok iR A4S Qloto] ARFEAIE]
H7IR|EE A FHAKEU), ITU-T FG-SSC, IDC(International Data Corporation), SIEMENS, ISO/TR 37150,
Water Loss Research & Analysis, 5= 2 IBM G5oA AARE A HE TH 02 AIE A

Z} 71208 AR AR E 6371010, ITU-T FG-SSC(2015)°14 57119] & Hof SIAATA BE AAISFATL 1SO/
TR 37150(ISO, 2014)°l4] 147}2]¢] ANATR FE AABHTE 11 €] §25E= 570, IDC 771, UK 770, EU 87,
SIEMENS 87Hi, IBM 97112] 4172|325 AARE A 0 & A= Q.

Fig. 101X AA[QH BRe} o] 7] E AARE 1472 4= 17119] X387} 871 78]l 3502 AXH A 3= I3 oH,
A7+ 2 4H|=K(L/year) A1 E7FEU, 1SO, SIEMENS, UK 5 471 7120l A A Tx] 2 AASIAL Q= A 0 2 BA w9
o}, 1 the0 2 BiA) o] TRt X 7T EU, 1SO, SIEMENS 371 718l M A =] 9low, 1915 B4H]2KISO, IDC) 1}
TA(FTTE, IBM)2 2t 271 7] ollA] 350 2 A BE AR A o 2 EAE ]I,

Number of institutions presenting KPI

0

Numbers of institution
s N
®

o
ot
AW ael cor®¥
e
ptt

Key Performance Index

Fig. 1. Results of analysis of key performance indicators in water field by agency
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Table 1. Key index by category in water field

Category INDEX EU ITU-T 31781(5)0 IDC WSD SIEMENS IBM UK

Water consumption rate

Water self-sufficiency rate

Water consumption

Water Use Index

Intelligent Distribution Network

Water Use Index

ICT-based water supply management O
Demand and Water consumption per person O
supply Average number of people per water purification plant

Improve water usage per person using ICT technology O

water supply volume

Amount of water per kilometer flowing through the water pipe

Water supply pressure O

Percentage of Urban Population Using Water Supply Service O

The percentage of urban population that can continue to utilize

improved water sources

©) O O

O 0000

(OX©)

ONO)

Water loss O O
Leakage due to calculation error

Actual leakage volume

Amount of water flowing into the supply pipe

Amount of water supplied

Water leakage
management

00O

(OX©)

Smart meter installation rate

Network Automation Ratio (Electric, Gas, Water and Water)
Tapwater charge per liter O
flow meter accuracy O

Smart metering and fare management O
Utilization of Smart Water Meter O
charged usage

unchargeable usage

(OX©)

Smart metering

(OX©)

Urban Water Quality Monitoring with ICT @)
Ratio of Water Pollution Measurement and Management Using ICT O
water quality O O

Water quality
management

Water resource ~ Urban Water Resources Monitoring Using ICT O
management ICT-based water resource management and protection ratio O

Increase in reusable water
Water reuse Use of grey water and rainwater
Improved water reuse based on ICT

O)@)

Sewage treatment
untreated urban sewage ratio
Sewage treatment system

Water treatment . . .
Percentage of Urban Population Using Sewage Service

OO0O0O0 O

ICT-based sewage emission management

Water information

. Provides real-time visualized information about water usage O
service

Water Management and Processing Policy O O
Time required for cut off water recovery

The period during which water supply has been suspended due to
budget and other operations

©)

Policy and plan  Investment in water management facilities
investment in flood control
Strategic Planning and Performance Management
Water and sewage supply rate

Facility O

O00O0

Percentage of space occupied by green land and water O
Etc Flood Control and Prevention System O
Flood control and Cost O
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Table 2. Configuration of Smart Water Grid

Smart water service Function Contents
Lowering operation cost Low-cost production with demand-predictive production plans
. Securing stable water supply through water quality management and
Water supply Stable water securing g P p Y gh quality &
water supply source quantity
management

. Establishment of intelligent water treatment system including water
Intelligent water treatment process

treatment union process
Saving energy Saving energy to optimized pump operation
Water distribution . . L
Leakage and water loss reduction ~ Reduction of water loss through leakage monitoring
management

Intelligent water distribution Intelligent water distribution through block management

Advanced Measuring Infrastructure  Water Metering Using AMI

Customer service

management Charging accuracy Improving the accuracy of water bill by sharing water meter information

Water information sharing Expansion of Customer Service by Sharing Water Information
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Billing | Water-Info
Accuracy || Sharing

Savin
L Water loss Water Measuring

Solution (System)

Water Resourcell Block System Leakage Water Demand J§ Water Supply | Pipe Network Smart Water
Management Management Management Forecasting Planning Management Metering

5 Water - i Water-Infor
Consumer Water Quality Facility Water Decision .
M t M t leatment M t Distribution gMaking S Senc
anagemen anagemen lanagemen aKin, u 0
< < Blending £ B b Web/App

Fig. 5. Configuration of Smart Water Service Solution
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Smart Water q .
! Functions Solutions
Service
. 0 Water Resource Management ‘
Lowering operation cost
| Block System Management ‘
Water supply Stable water securing Leakage Management ‘
management
Intelligent Water Demand Forecasting ‘
water treatment process Wi Sl REnning ‘
Saving energy Pipe Network Management ‘
Water Smart Water Metering ‘
distributi Leakage and
Istribution water loss reduction Consumer Management ‘
management
Intelligent water Water Quality Management ‘
distribution -
Water Treatment Blending ‘
Advanced Measuring p— : ‘
Infrastructure =l SErEEETET
Customer Water Distribution ‘
service Charging accuracy
management Decision Making Support ‘
Water information sharing et S R ‘

Fig. 6. Combination of solutions for implementing smart water service functions

4. ADLES|E|R|E ML B

4.1 GaVEIRR|1ES| 7HE

/3787 A #(KPI, Key Performance Index)h 2219 @+, =3, =20 G475 SHol= AaA] At
£ SAY 7 UEE AT 52 dH 02 v 25 wRit Aukx] o] ofslf kAo 1l AslelA| Auke] ST
=

= =
S Qe Aol AEEle] B4 2 o /7] wheell x| s ] o) 71 a9t 8 47} HTk(Park,

AR SE(KPI= Fig. 7142} 0] A|E0] S48 7|20 2 2 ) £ E, TAE, A2 E, ArHEE o]

=

Input Activity/ QOutput +—— OQutcome
Process
Efficiency Effectiveness

Fig. 7. Concepts and Types of Key Performance Index (Park, 2004)

4.2 ufHI | B &2 2f6H H2HHE
Deloitte(2005)+= 7 A S5 VDT, Value Drive Tree) & Z-8<F HAA-5-2 Q1(CSF, Critical Success Factor) 2 A7}
H7EX H(KPI) &= Framework= A6 0, 2 Aol A= BSC 75 W E(Ko, 2006)0l14 AAlekAl Q= 7H] 55



A Study on the Development of Smart Water Grid Key Performance Index for the Implementation of Smart City ¢ 33

(VDTS &85t A %’—_Q_O](CSF) 9 PR 7EX (K PI) & Framework=
SWG KP)2 &

EREISE B AR
A A5 BelE

LAEES AnlEEAY

speet

iTo
—ar !

Logic Model Components

Components for SWG KPI

water
management
efficiency

=20 =
=

1—

e BESFE o= ol

Al'5B

$

o]-85}o] Fig. 80|42t o] ARtES]
Z5l312} 5199} AntE Qe 18] = 0] A8 Q(CSF) T OW
B LAE= AntESE 18] E 0] AEE(Output)©] thh
E Q] 18] = 9] AFZE(Output) T} *M(Outcome)oﬂ ot
o2 BAkrt AMPESIE TR E o] XEk:
T AVERIZERHCT R o5t o & o 83 &5 %
2(SWS)ZE, 254

I} Aasojol gicka g
01 Fig 591 AXIFI e 2 A 74840 527
CEEDEEE S
A2 (SWM).02 Holstdr). A5 2l el w i
20 AuE S AntEQlE 18]S I ESWG KP)E

Fig. 8. Applying Performance Indicator Properties for SWG KPI Configuration

4.3 20IEQIE{02|=
431 REEY

AHPH7 R | B(SWG KPI)
ok 2l

SAFEQIEAEI2 84717 S B ACSF)- ST KDY 5 ZE9)9E 245t An
THE7 A Z(SWG KPI) =232 Fig. 99] A75FAAE Fall sHict
. ) L Presentation of Combination
Definition of Setting the Classfication of . i
— function the [ of functional
SWG scope for SWM SWS i
SWS solutions
CSF-KP!
Definiti f Analysis of KPI B3C derivati
efinition o nalysis o erivation
> | Methodology [
KPI Methodology ) framework for
Presentation VDT

Fig. 9. Flow chart of SWG KPI

?J_—Eaé7]\_ [e]

[RERRISE




34 + J Korean Soc Disaster Secur Vol. 13, No. 1, March 2020

R

32, ol5 West] $I5H 2]

st

Step | Step Il

Critical Success
Factor(CSF)

Value Drive Tree

Systematization of
Causality and Causality
Affecting the Final
Objectives

Defining Key Success
Factors for Strategic

Achievement

22 280 Qlolo] AIHOIE 0 2 B Ao Fig. 99 W
[e)

AUFEQE A HIAS LS| 919 2 7]'5(Functions) W 2 47]%&(Solutions) T

Step Il
Strategy Map

Clarify strategies and

share across the enterprise

N

482 59l Fig. 103} 2o]

T o
=2 590 A 3F]RACSFy2 A

AAGEe 2H AntEQE T2 E APE7 A E(SWG KPS EE5He 3HlS AlA, 24

Step IV
Key Performance
Index(KPI)

Deriving the basis of
judgment on the basis of

strategic achievement

Solution-CSF
Combination

Key Function for
Smart Water Service

S.W.S-Solution

SWG KPI

Fig. 10. SWG KPI Derivation Methodology Based on CSF-KPI Framework Using VDT

AR 52 A1 AT B0l AR HEe o] AnPEQIE 1R = AJIEZ A B(SWG KPI) =E2] A3 A1)

Ii

0l

4

AE= A= 4, ARSI

Smart Water Functions
Service
*+ Lowering operation cost
Water supply Stable water securing
management
Intelligent
water treatment process
+ Saving energy
Water |
. . Leakage and
distribution T water loss reduction
management
Intelligent water
distribution
Advanced Measuring &
Infrastructure
Customer
service Charging accuracy
management
Water information sharing

A58 R1(CSF) 2] IeE2 Fig. 117 go] ARTELQIEIAHIA(SWS) o] B 83t 8 A7]<(Solution) 9] X3+ 5ol

Solutions

Critical Success Factor

Water Resource Management

Profitability improve

Block Syster Management

Optimal pump operation

Leakage Management

ﬂ* Development of AMI

Water Demand Forecasting

|
|
Selective intake for water treatment ‘
|
|

,j?' Improving the charging accuracy

Water Supply Planning

Water information sharing

Implementation of Water Welfare

Pipe Network Management

Civil service improvement of Charge

‘Water source management based ICT

Smart Water Metering

Use of multi water resources
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Fig. 11. Key Success Factors (CSF) Linkage with Smart Water Service Element Technology
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Fig. 12. Development of Smart Water Grid Key Performance Index

Table 3. Key Performance Index of Smart Water Grid Based on Key Success Factors

Critical Success Factor SWG KPI
Profitability improve Improvement of water flow rate
Optimal pump operation Reducing the power usage of the water purification plant

. Reduction in water treatment costs
Selective intake for water treatment o
Medication input volume

Number of generations to install a digital water meter
Number of remote detection generations

Development of AMI .
Water Fares per Generation Decreased rate
Water Usage Reduction Rate

Improving the charging accuracy mean accuracy of water meter

Water information sharin Water Information Service Web System Access Rate
£ Water Information Service Mobile App Usage Rate

Customer Satisfaction Index

Urban Population Ratio Using Smart Water Service
Water supply rate

Tapwater charge per liter

Implementation of Water Welfare

.. . Rate of reduction in charge complaints
Civil service improvement of Charge ) o ) .
Average duration of civil service processing

Acquisition Rate of Water Source
Water source management based ICT . .
Achivement rate of water quality standards for water resource
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Table 3. Key Performance Index of Smart Water Grid Based on Key Success Factors (Continued)

Critical Success Factor SWG KPI
Use of multi water resources Dependency of single water resource
Drainage Optimal Water Level Operation Ratio of Usage to Water Supply

Real-time Water Demand Forecast Pump operation count

Water Leakage Monitorin leakage rate in block
& & Rate of installation of flow meter in block

Water network Blocking Deployment Ratio
Optimal Network Distribution Operations Number of day of cut off the water
Average cut off water accident recovery time

Efficient operation of meter man Reduction rate of meter man

.. .. . Hourly wages for related duties
Efficient internal administration ywag

Reduction rate of working hours for related work

. Annual Investment Cost for SWM
Securing Infrastructure Investment

Number of staff for SWM
Reinforcement of Service Education Personnel Training Program Completion Rate
Improving work satisfaction Staff job satisfaction level
Securing Sustainability Replacement Water Utilization Rate

5. ADFEQE{12|S Majm} 7jo|=2jel

5.1 ADIEQIE|{02|= MW7 I7}=(Challenge evaluation Card)
47501]/\1 Zﬂ/\]rd _/_\_E]'E‘?’J]ﬂj-a]E -‘%‘7]-X]E_(SWG Index)—Eg 01%8]_04 E./\]Q] iﬂ}E%Ei:LE]E /};]J_/’]'-‘%]7]*E‘—__-,_— —",‘—@8]—7] _‘H
SHErAE ol 7ol 8 Fig. 137 2ol AWIsieict

{i} Present 35 Key Performance Index for Smart Water Grid l

Weighted by considering the link between key functions of each smart water service I

$ Configure Smart Water Grid Performance Evaluation Matrix ]

Q} Checking targetvalue for SWG Index }

$ Enter the achievement by index of the cities to be evaluated ]

$ Calculation of Weighted Score for Step 2 ]

Calculation of City-impact application scores reflecting the characteristics of the target cities ]

| Ste p8 $ Calculation of Performance Evaluation Score and Rating of Smart Water Grid ]

Fig. 13. Smart Water Grid Performance Evaluation Guide

AUTEQJE| 12 E AR F(SWG KPI)= 97112] ARTE e AH|A(SWS)E 3-8 7]%5(Function)THe] GAAS 11
23t 7}52|(Weight) & FoI5t AntEQJE] 72| = AvRE7T o E 2] A(matrix) S 7-J519] “d7HE7 17 F=(Challenge evaluation
card)E 2/JoHA| =T, Fig. 149] A7 FHEA= AAE F 35709] ARFEQIE] 12| E B7EX 3F(SWG Index)ol] T =
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Ei](Target)—% 710 2 o A P EE oA B, ARFEQEAH| A 97)0] 875 5 TAIE 715l tish 4

E 7FSA1gkel ofel = ghito] Hoh F 3573 T O] ATt EA= 35719 ARFESIE 12| = H7EA] H(SWG Index)d
A ol el 0005 I el 0] 1 £l 54 10071S] A7} 7o) e, £Slsle
J8|E AP e s B &2 B4 SE(1~55H0E T8, 153(91~100), 25-2(71~90), 352(51~70), 4
SH(31~50), 55H(0~30) 2= &, AA|5HA I?‘r ﬁﬂtﬂ** AR AAE ATEQE 1= E APE7 e Fol AFA1E

e g ST OMF/} LOFEE IR = ARSI BN = 2tEE IR E AARe 2skeHlol=
75

Smart Water Service
SWGKPI Target ':n“:rl'; PT':E"" Lowering | g Intelligent — aﬁv";ﬁr o Charging | Weter -
operation e water treatment eneray loss i [ s accuracy \nfmtlu Score Impact Scorell
cost process reduction | distribution [T nsharing
Improvement of water flow rate: 100%  100% 1.00 070 030 1.00 4 am
Reducing the pawer usage of the water purification plant 0% 30% 1.00 0.50 ' 050 4 200
Reduction in water treatment costs 30%  30% 1.00 0.20 050 1.00 3 300
Medication input volume 0% 30% 1.00 Q.10 010 080 1.00 3 300
Number of generations to install a digital water meter 100%  100% 1.00 1.00 1.00 4 400 91-100 1
Number of remote detection generations 100%  100% 1.00 1.00 1.00 4 400 T71~e0 2
‘Water Fares per Generation Decreased rate 0% 20% 1.00 0.80 020 100 3300 5170 3
Water Usage Reduction Rate 0% 10% 1.00 070 010 020 1.00 3 300 31-50 4
mean accuracy of water meter 100%  100% 1.00 0.90 010 100 3300 0-30 5
Service WebSy R 0% 20% 1.00 0.20 010 070 100 3 300
Water Information Service Mobile App Usage Rate 0% 20% 1.00 010 010 080 1.00 3 300
Customer Satisfaction Index 100%  100% 1.00 0.20 0.20 020 040 100 3 300
Urban Population Ratio Using Smart Water Service 100%  100% 1.00 0.20 0.20 0.20 020 020 100 3 300
Water supply rate 100%  100% 1.00 0.20 020 020 0.20 0.20 1.00 3 300
Tapwater charge per liter 0% 20% 1.00 0.10 010 0.10 010 0.20 0.20 020 100 3 300
Rate of reduction in charge complaints 0% 10% 1.00 0.20 0.20 0.30 030 100 4 400
Average duration of civil service processing 12 12 1.00 0.30 0.20 0.20 030 100 3 300
Acquisition Rateof Water Source 100%  100% 1.00 100 1.00 -1,
Achivemnent rate of water quality standards for water resource 100%  100% 1.00 070 0.30 1.00 3 300
Dependency of single water resaurce S0%  S0% 1.00 o7 030 1.00 3 300
Ratio of Usage to Water Supply 100%  100% 1.00 0.20 0.20 0.40 0.20 1.00 3 300
Pumpoperation count 30%  30% 1.00 0.20 0.20 0.30 030 1.00 4 a0
leakage rate in block 5% 5% 1.00 0.90 0.10 1.00 4 am
Rate of installation of flow meter in block 100%  100% 1.00 090 0.10 1.00 3 300
Water netwark Blocking Deployment Ratia 100%  100% 1.00 1.00 1.00 3 300
Number of day of cut off the water 5 5 1.00 0.20 0.80 1.00 4 a0
Average cut off water accident recovery time 12 12 1.00 0.20 070 010 100 3 300
Reduction rate of meter man 30%  30% 1.00 0.90 010 1.00 1100
Hourly wages for related duties 0% 20% 1.00 080 010 010 100 1100
Reduction rate of working hours for related werk 30% 0% 1.00 080 010 010 100 1100
Annual Investment Cost for SWM 5% 15% 1.00 015 01s 015 01s 0.20 010 010 100 2 200
Number of staff for SWI 0% 20% 1.00 010 0.20 0 ” a0 0.20 020 1.00 1100

Fig. 14. SWG Challenge Evaluation Card
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Smart\{Vater Functions SWGKPI Target Achive Guide
Service ment
. . Annual Average Water Supply Area Flow
Lowering operation cost Water flow rate 100% 90 E G [
Water supply Stable water securin Water Source Acquisition 100% 100 Rate of securing planned quantity through
management E Rate water source
Intelligent Reduction in 30% 10 Reduction rate of water treatment costs
water treatment process water treatment costs over the previous year
Saving ener, Reduction rate of pump 30% 10 Reduction rate of pump operation of water
L, . o i . .
E & operation count purification plant over the previous year
Water - - - -
e e Leakage and Rate of installation of flow 100% 70 Rate of flow meter installation compared to
e water loss reduction meter in block planin pipe network
Intelligent water i . .
disﬁ’ihutiﬂn Waéi;?:vt:’lz:lt BRIaOt(i::mg 100% 60 Water network Blocking Deployment Ratio
Advanced Measuring Number of remote detection 100% 50 The ratio of remote number of generations
Infrastructure generations to the total number of generations
Custo_mer Charging accurac Rate of reductionin charge 10% 5 Rate of decrease in civil complaints related
SENIEs + e Y complaints to charges over the year
managemen
. . . Water information service Percentage of water information services through
0,
flatedinioumatishatine rate 20% 10 system out of total water information services
Fig. 15. Write of SWG KPI

Fig. 160142} o] ZF AntE Qe 18 = ATFE7 A FH(SWG KPI)E BAES 5P 194 H4x(Score) 7 A=,
of 7)o BIH Aol A FLEES FAL Qs AUEE Qe AH] 20| thet A7 RS2 (City Impact) & WA 28] 47 A
7g]o] ZFH(Result)” AP = AIPE7 PI=7 -3

Score/Grade
Achi
Smart Water Service Function SWG KPlIs Target Score Gi
ot 1ty Scorell
Impact
Lowering operation cost Water flow rate 100% 90% 0.90 13| 1170 56.8 3
Water supply management Stable water securing Water Source Acquisition Rate 100% 100% 1.00 10 10.00
Intelligent water treatment process Reduction in water treatment costs 30% 10% 033 10 3.33 | 91~100 1
Saving energy Reduction rate of pump operation count 30% 10% 033 10 333 | 71~90 2
Water distribution - - - -
e — Leakage and water loss reduction Rate of installation of flow meter in block 100% 70% 0.70 12 840 | 51~70 3
Intelligent water distribution Water network Blocking Deployment Ratio 100% 60% 0.60 10 6.00 | 31~50 4
Advanced Measuring Infrastructure Number of remote detection generations 100% 50% 0.50 13 6.50 | 0~30 5
Customer service " — -
Charging accuracy Rate of reduction in charge complaints 10% 5% 0.50 7 3.50
management
Water information sharing Water information service rate 20% 10% 0.50 8 4.00
Fig. 16. Challenge evaluation card using Smart Water Grid Key Performance Index
60 =2 =
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1. 2RFEQIEIATHIA(SWS, Smart Water Service)E 15| QoA = 4252 Sl AiAES 4-Hotk= 0483
2AH| A0 G824 Q1 Fte AV d-S 918t oA, £S5 5 @ adAEA, F, 44, il
7h59 RUEE B Aol E S1t QAT AHIAE 7|REC & AH|AA A7} o] Fo] Kot

2. 258 E7IAIA(SWM, Smart Water Management) & 15, 36| $1all41= ‘Sensor Domain’, ‘Network Domain’,
‘Service Domain’, ‘City Management Domain’ 5 4712 2|4 T1F0] A= ofof 5HH, AntEAJE] SSHE(F+
AH|2) 7Sl A 7152 F-ASHA Hok

#

B

N AntELE IR E AMPE7 P E=E F ol A5 /] ARPEE 1 B0 AR E e 4 e 7Rk nhels
A, B7rAME QIR FFE SEE Tl AEE IR E AIPE7IAE(SWG KP) 2] AF| S FAI714L, APFEIE
TJRE SHE7IE AT FIH 1| =E AT o2 ANFEAIEU AntEQIE 112 = Al g A o) AP g7l 288 4= 9l
= 0% watEw, AntEQfE 2| =0 ARETIE T o Sl 712 vhst, @] AntESE IR Eof tieh 3
7HE A el B 7 s d A= Z]diE
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