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An identification of optimized energy usage factors and monitoring System
development for safety identification for elderly living

Kim, Hosik' - Cha, Youna' - Chin, Sangyoon*
"Department of Convergence Engineering for Future City, Sungkyunkwan University

Abstract : The speed of aging society is increasingly getting faster in Korea, Currently, there are over one million
elderly living alone, which represents more than 19% of the total elderly in Korea, Although various policies
and research have been implemented for caring the elderly living alone, there have been obvious limitations in
realization of the caring system due to inconvenience, privacy violation, difficult operation and maintenance,
Therefore, the objective of this study is to develop a method and a prototype system to monitor safety of elderly
living alone by using energy usage information of automatic meter reading device. The proposed system is
expected to improve or resolve the existing limitations and to provide 24 hour monitoring and early detection of
death for the elderly living alone without adding staffs for operation and maintenance in a more effective and
economic way.,
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Table 1. Research procedure

- Existing research and developments
Literature review - Society change and government policy

- Limitations analysis

4

- Overview of a test bed

Analysis Energy - Analysis energy type usage

Usage - Derivation of measuring condition and optimum
energy type combination
{
o - Verification through a test bed
Verification
- Data comparison
g
System - Development of prototype system
Development - Operation and management plan
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Table 2. Ratio of Elderly living alone in Korea _
(Unit : 1,000)

2000 2005 2010 2020
Number of elderly people 3,395 4,383 5,357 7,701
Number of elderly living alone 552 783 1,021 1,512
Ratio 16% 17,8% 19% 19.6%

% Source : National Statistics Office, 2010
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Fig. 1. System Architecture of AMR
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Table 3. Floor plan of unit area type

26m? (12py.) 36m? (16py.) 46m? (20py.) 55m? (23py.)
118 family 238 family 191 family 112 family
corridor type corridor type corridor type stairs type
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Table 4. Average daily/monthly energy consumption of
common family

Electricity Gas Water Hot water Heat
[kwh] [m] [m] [m] [m]

Month | Day |Month| Day [Month|Day [Month | Day |Month|Day
Jan.| 177.7116.35| 4.43 [0.16| 6.63 |0.24| 5.32 [0.19]42.12 |1.50
Feb.| 184.16 |16.35| 4.32 [0.15| 6.76 |0.23| 5.60 [0.19|40.67 |1.40
Mar.| 195.90 (6.32| 4.41 |0.14| 7.48 [0.24| 5.85 |0.19| 32.98 |1.06
Apr. [ 188.94 |6.30| 4.12 |0.14| 8.16 |0.27| 5.35 |0.18| 16.44 [0.55
May.| 191.52 [6.18| 3.99 |0.13| 9.27 [0.30| 4.82 |0.16| 2.38 |0.08
Jun. | 195.1516.50| 3.95 [0.13| 10.53 |0.35| 3.92 [0.13| 0.19 |0.01
Jul. | 222.55 [7.18| 4.38 |0.14| 12.11 {0.39| 3.79 |0.12| 1.03 [0.03
Aug.|245.35|7.91| 4.26 |0.14| 12.51 |0.40| 2.80 |0.09| 0.18 (0.01
Sep.| 190.11 [6.34| 4.64 |0.15] 10.13 [0.34| 3.82 |0.13| 2.23 |0.07
Oct. [ 195.99 [6.32| 4.54 |0.15| 9.00 |0.29| 4.69 |0.15|11.83 [0.38
Nov.| 189.83 |6.55| 4.36 [0.15| 8.18 |0.28| 5.06 [0.17|30.19|1.04
Dec.| 205.72 [6.64| 4.50 |0.15] 7.30 [0.24| 5.99 |0.19|45.97 |1.48

Sum
Total

Avg.|198.58 |6.57| 4.32 |0.14| 9.0 |0.30| 4.75 |0.16| 18.85|0.64

2,382.9(78.9| 51.9 | 1.7 [ 108.0 |3.57| 57.0 [1.90|226.2 |7.62
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Table 5. Average daily/monthly energy consumption by
elderly living alone

Electricity Gas Water Hot water Heat

[kwh] [m] [m] [m] [m]

Month |Day |Month [ Day |Month|Day |Month|Day | Month | Day

Jan. | 132.37 |4.73| 3.61 |0.13| 3.52 [0.13| 2.23 |0.08| 28.9 [1.03

Feb. | 135.54 |4.67| 3.84 |0.13| 3.39 |0.12| 2.29 |0.08| 25.3 |0.87

Mar. | 165.24 |5.01| 3.95 [0.13| 4.03 [0.13| 2.41 [0.08]| 19.3 [0.62

Apr. | 146.33 |4.88| 3.50 [0.12] 4.42 [0.15] 2.19 [0.07| 9.54 [0.32

May.| 145.63 (4.70| 3.42 (0.11| 5.14 |0.17| 1.86 [0.06| 1.77 |0.06

Jun. | 148.99 |4.97| 3.60 |0.12| 6.02 [0.20( 1.51 |0.05| 0.12 |0.00

Jul. | 160.57 |5.18| 3.78 (0.12| 6.36 (0.21| 1.33 |0.04| 0.09 |0.00

Aug. | 173.87 [5.61| 3.59 |0.12| 6.44 |0.21| 0.99 |0.03| 0.00 |0.00

Sep.| 136.44 |4.55| 3.80 [0.13| 5.73 [0.19| 1.40 [0.05| 1.12 [0.04

Oct. | 139.47 |4.50| 4.20 [0.14| 4.98 |0.16| 1.74 |0.06| 5.74 (0.19

Nov.| 137.33 |4.74| 3.50 |0.12| 4.23 [0.15[ 1.98 |0.07| 16.22 |0.56

Dec.| 151.56 |4.89| 3.65 |0.12| 3.77 |0.12| 2.58 |0.08| 31.21 |1.01

Total[1,763.3(58.4| 44.4 |1.47| 58.0 [1.92| 22.5 |0.75| 139.4 |4.70

Avg. | 146.95 [4.87| 3.70 [0.12| 4.84 [0.16| 1.88 [0.06| 11.62 [0.39
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Fig. 2. Average monthly energy consumption used by common
family/elderly people living alone(continued)
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Fig. 2. Average monthly energy consumption used by common
family/elderly people living alone(continued)
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Table 6. Comparison of average daily energy consumptions
by common family/elderly living alone

Electricity | | Hot |
(kwh] Gas[m] | Water[m'] water[n] Heat[m']
Common
) 6.57 0.14 0.30 0.16 0.64
family
Elderly
) 4.87 0.12 0.16 0.06 0.39
living alone
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Table 7. Average daily/monthly and weekly/weekend energy
consumption of energy by Male/Female Elderly

living alone
Electricity Gas Water Hot water Heat
[kwh] [m] [m] [m] [m*]

Month[Day [Month|{Day [Month{Day|Month|Day|Month|Day

Week |162.4|5.33| 2.82 |0.09| 4.20 [0.14] 1.60 |0.05 10.1 |0.33
Male |Weekend|164.5[5.39| 2.99 [0.10| 4.33 {0.14] 1.86 |0.06| 9.49 0.31
Total |326.9(10.7| 5.81 |0.19| 8.53 |0.28| 3.46 (0.11| 19.6 [0.64
Week |151.1(4.96| 3.55 |0.12| 4.32 |0.14 1.40 |0.05| 7.01 [0.23
Female|Weekend|157.95.18| 4.12 [0.14| 4.98 |0.16| 1.62 |0.05 6.85 (0.23
Total |309.1(10.1| 7.67 |0.26| 9.30 |0.30] 3.02 (0.10| 13.8 [0.46
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Table 8. Frequency of day unused energy by common family/
elderly living alone

Gas Water Hot water
normal e!dlerly common Sledoepr:é common e!d.erly
family | "9 “ramiy | living | famiy | 9
alone i alone
Jan. 5.58 4.89 2.33 2.27 2.36 3.67
Feb. 5.52 5.60 213 2.91 2.14 4.44
Mar. 6.09 4.93 2.29 1.64 2.21 4.24
Apr. 6.36 5.51 2.22 1.51 2.19 4.07
May. 7.01 6.04 2.26 1.58 2.47 5.33
Jun. 6.85 5.33 2.03 1.02 2.53 5.78
Jul. 6.77 5.69 1.93 1.73 2.88 7.56
Aug. 7.01 6.11 1.93 2.18 3.66 10.18
Sep. 6.59 5.58 1.91 2.20 2.72 8.40
Oct. 6.33 5.96 2.03 2.47 2.35 7.09
Nov. 5.64 5.07 1.64 2.04 1.77 4.76
Dec. 5.81 4.24 1.85 1.42 1.97 4.27
Sum
Total 75.56 64.95 24.55 22.97 29.25 69.79
average| 6.29 5.41 2.04 1.91 2.43 5.81
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Fig. 3. Frequency of monthly day unused energy

by common family/elderly living alone

Table 9. Frequency of day unused energy by common family/
elderly living alone and energy combination

Water and Gas Water and Gas and Hot
Water
common | elderly people | common | elderly people

family living alone family living alone
Jan. 1.70 2.00 1.59 1.93
Feb. 1.45 2.73 1.36 2.62
Mar. 1.51 1.47 1.42 1.40
Apr. 1.44 1.29 1.37 1.27
May. 1.61 1.42 1.51 1.42
Jun. 1.48 0.91 1.39 0.91
Jul. 1.40 1.56 1.33 1.56
Aug. 1.45 2.09 1.40 2.09
Sep. 1.31 2.09 1.24 2.07
Oct. 1.38 2.27 1.30 2.27
Nov. 1.1 1.96 1.03 1.96
Dec. 1.28 1.33 1.21 1.33
Total 17.12 21.12 16.15 20.83
Avg. 1.42 1.76 1.34 1.78
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Fig. 4. Safety identification monitoring system using AMR
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Table 10. Alert Frequency by combination of gas, water, and

hot water
Analysis Data (2012) Proof Data (2013)
Sum Total Average Sum Total Average
March 63 1.40 51 1.13
April 57 1.27 50 1.1
Avg. - 1.33 - 1.12
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Table 11. Safety identification monitoring process

Contents
. - Alert event when unused energy usage for a
Data Analysis . .
day is monitored.
Alert - Presentation of Building and unit number as
er
well as alert message
Step 1 - Call through video—phone of the unit or cell
e
P phone of the elderly living alone
Safety - ;
. - Text messaging and calling to preregistered
Identification | Step 2 . - o
st family or guardian for the elderly living alone
eps -
- Unit visit/inspection under the guardian’ s
Step 3
approval
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