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Effects of Commuting Distance Reduction by Teleworking on
Carbon Dioxide Emission: Focusing on the Seoul Metropolitan Area
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Abstract The establishment and operation of Region-based Teleworking Centers(RTC) in Korea is in the initial
stage at the moment. Although some studies have been conducted on telecommuting at home, few studies have been
performed on the effects of all-out expansion and diffusion of region-based Teleworking Centers. Therefore, this study
analyzed the reduction effect of commuting distance which is possible to obtain from the establishment of Teleworking
Centers, based on the network in the Seoul Metropolitan Area, Subsequently, quantitative reduction of the effects of
CO, were calculated from region-based Teleworking Centers. The results of the analysis indicated that region-based
Teleworking Centers could reduce a total of 911 tons of CO, per day. When applying these results to 258 working days
per year (according to Statistics Korea), 235,056 tons of CO, can be reduced annually by the establishment of
Teleworking Centers. With quantity on environmental utility to be obtained from the establishment of Teleworking
Centers, this study can be utilized as a guideline for selecting effective locations of Teleworking Centers in the future.
It can also be helpful in decisions to determine the priority of extending operations of Teleworking Centers through
comparisons among administrative districts.
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Figure 1. The Study Flow
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Table 1. GIS Data for OD Cost Matrix

Table 2. Data for Analysis

Data Elements for Analysis| Descriptions Data Sources Descriptions
- Origin point for Census Map-Building
O . H .. i
| Network Analysis ome Residential | (Statistics Korea, 2009) |Point Data from
. oy the Residential
Existing Building Land Cover Map o
L . o Building Map
. . |Destination points for| Workplaces, (Home) (Ministry of
Destination . . ) (Map Overlay)
Network Analysis Teleworking Environment, 2009)
Centers Road Network
Networks fi
Road and Public (The Korea Transport cworks . or
. . . Road Vehicle
Network Moving Routes Transportation Institute)
Networks Rail Network
Impedance | Costs for Moving Cost(meters) Network (The Korea Transport Networks
Institute) for Public
_ _ Bus Network Transportation
Hoh Agre &% YEY T 72+ oI A(Link)
Aok AR e U= _ o 2 A(Link)meh (The Korea Transport | (Map Overlay)
Ael(Meter) 4552 U2ste] HaAL N GEAL 4 Jnstitute)
slod F7ro 3l =2 =
Asteteh Zzrel AMeA A7 ENAE Purposes of Trip
e Aelol ol H4Q) A2E WU, H2ANE  pyymaton | Distribution
AP 4= QltH(Table 1). Modal Split| (The Korea Transport
Rate Institute) Travel Survey
3.3 A9 3= for Modal Choices of Trip Data
Commute Distribution
2 A1E £3shr] Q8 A4 A= A = Trips (The Korea Transport
HED AR, 2 59 BELT RS ARS Institute)
=3} ti(Table 2).
3.4 F3AT A3 A .
Teleworking Center
7129] AR FAANA ZFEAZA O Ao oo
1 %]_a% ﬂE‘]E‘/] 7‘lﬂ°] 7_101]/\_] 1_211%‘:[ ]E1 Home Workplace
EEee———

A9 Ao A5 o RN YATTAER 3|
A== 50874ﬂ% AbESt) o] HA AfE = A
22 YAIRAE R Ao o3t aute A osit}
(Figure 4)
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€O, Emission Reduction by Teleworking Center
(Reduced Daily Commuter Trips)

Figure 4. The Basic Concept of Teleworking Center
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Table 3. CO, Emission Factors in terms of Speed
(Passenger Car, Bus)

Ak FARAR] sk e 580k Ak Veticle Type | SpeedsCtml) | COAgm)
FHADe] S €O, vhEAAE Tha} ZriTable 3) - 7.9
ALR fAEE 84 SRo ga ARE SE 20 232039
AuFLR] FEU FHRE $a015 L ey Passenger . 183,245
o Aoy N Mg &Y Y FaAe) B Car 40 154986
BHEE LAY ARE BEIACH20). oleh 50 136.103
20108 $E PR RN 2AE 583 60 122.396
Az 1228/ 5 2 83ter. Wae) A9 oiF 10 2014.002
el §4 W olg 23] Bk W A6z o 20 1478.223
Aste] disige] S A= A g avh 30 1202.375
QL dol Bagt 72ARE ATl = Bus 40 1039.371
Ab-AlEsEaL Sl ool 2009 - FAFEARE 50 936.514
R A 19]0] weh e} BA Fa o 50 870,555

wale] Hadwe)l MABHE BAATE $8519
th(Table 4).
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Reference: Korea Rail Network Authority(2010)[18]



Table 4. Expected CO, Emission in terms of Distance

. Average | Passenger | CO, Emission in
Vehicle .
Type Speed | Occupancy | terms of Distance
P (km/h) |(passengers)| (g/km-passenger)
P
ASSENEET | 264 1.22 161.80
Car
Bus 22.7 20.45 57.63
352 AxRR
AEREO A9, FAY ol 7 BolA AU B
@ v 2R AEste] TelAl Mel WelA
Mg 4 gk B AT FA7|E TIERIS 445
of CO Ml APYSIATH21] S5 hrite] 2

Tl 472 U o ARSI, AU
(1540) 2 Ae)). 17]2 ooz sl Ao
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2 884,26IMWho| 1L, o]& F3ll CO, vj&=F& 4t
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o} 0|2 4= Ao A7t % AR (T
A7}7)

2o g
5w
b

4.23kmE APFE QT fERETS B /1R B
B A 2023km(H G AN 79.36km(eFA])
2 H|=%E ZJol & Holal Qlon, HiS 43.10kmE
=2y 2o thh W o BAE

5, 27D QATRAE 2] Aoz Erg
o oJ3t Azl Y 8.73km, ThETED| et A ]
= B 930kmE ERYRUE= thFagidol ot
A7} 057km A% WA AT BT W
ARy ERgu EaEY B 7HgTe] 7
WA YeEPG =2 21.05km, S5, 22.19km).
oli= AEIS AT FAlHel AXAA HHT
o) A7)o} Bee] A wWol Wil wEoltt.

LA BT )20 22 Farielol AATTAY
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WAGAN S At gl gt At ¥
 32.50km, diE@EG] o3 712 H 33.80kmo]
uls) oF 4% AE B7h stgon, 7 AT
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Table 5. Expected CO. in terms of Distance(Subway)
Electric Power Consumption Train Kilometers Passenger .. .
of Subway in Seoull) of Subway in Seoul Occupaicy Carbon f;l;?;?;ncfzccordmg
Metropolitan Area Metropolitan Area (Passengers
(MWh) (SCarxDistance(km)) in a Car) (/km-passenger)
884,261 31,362,230.5 264 7.94
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Table 6. Average Distance Reduction by Teleworking

Unit: km
Passenger Car(Road Network) Bus, Subway(Public Transportation Network)
A B C D E F
Gapyeong 21.05 62.04 40.99 22.19 63.43 41.24
Goyang 7.49 25.90 18.41 8.47 27.33 18.85
Gwacheon 2.64 18.70 16.07 2.27 20.70 18.43
Gwangmyeong 4.53 19.01 14.48 5.16 20.23 15.07
Gwangju 13.99 40.20 26.21 10.80 41.61 30.81
Guri 2.14 18.83 16.69 2.60 20.57 17.97
Gunpo 4.56 27.31 22.75 3.71 28.09 24.38
Gimpo 9.48 39.77 30.29 9.88 41.57 31.69
Namyangju 11.68 30.59 18.90 15.46 32.02 16.56
Dongducheon 3.04 45.87 42.82 3.45 48.28 44.83
Bucheon 3.34 22.60 19.26 3.57 23.53 19.96
Sungnam 8.71 24.95 16.24 8.74 26.58 17.84
Suwon 3.26 36.96 33.70 3.75 37.88 34.13
Siheung 7.50 30.96 23.45 8.74 32.46 23.72
Ansan 429 35.65 31.36 448 37.31 32.83
Ansung 11.96 75.75 63.78 14.01 79.21 65.20
Anyang 3.28 23.53 20.25 3.73 24.52 20.80
Yangju 9.65 36.73 27.08 12.22 39.93 27.71
Yangpyeong 20.89 61.12 40.23 18.28 62.92 44.64
YeoJu 11.69 76.26 64.58 12.72 79.36 66.65
Yeoncheon 11.79 64.66 52.87 12.59 69.78 57.20
Osan 3.80 50.77 46.97 3.37 51.56 48.19
Yongin 12.70 48.40 35.70 13.05 49.27 36.22
Uiwang 5.22 27.94 22.71 5.96 28.78 22.82
Uijeongbu 3.57 26.49 22.93 3.82 29.12 25.31
Icheon 14.42 69.02 54.60 15.62 71.55 55.93
Paju 11.59 42.93 31.34 12.67 45.30 32.63
Pyeongtaek 11.04 67.83 56.79 11.71 71.24 59.53
Pocheon 14.41 58.43 44.02 15.03 60.09 45.06
Hanam 3.97 23.77 19.81 4.13 25.23 21.11
Hwaseong 15.18 53.50 38.32 17.36 55.41 38.06
Incheon 6.48 33.02 26.55 8.10 34.37 26.27
Sum 279.34 1319.49 1040.15 297.64 1379.23 1081.64
Average 8.73 41.23 32.50 9.30 43.10 33.80
Standard Deviation 5.16 17.50 14.34 5.33 18.06 14.84
Max 21.05 76.26 64.58 22.19 79.36 66.65
Min 2.14 18.70 14.48 2.27 20.23 15.07

: Distance from Home to Teleworking Centers(Road Network)

: Existing Commute Distance(Road Network)

: Distance Reduction by Teleworking(Road Network, C=B-A)

: Distance from Home to Teleworking Centers(Public Transportation Network)
: Existing Commute Distance(Public Transportation Network)

: Distance Reduction by Teleworking (Public Transportation Network, F=E-D)
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97



Passenger Car(Road Network)

Legend

[ 4.99 km or Below
[ 5.00 Km -9.99 Km
I 10.00 Km - 14.99 km
I 1500 Km - 19.99 Km
I 2000 Km or Above

A: Distances from Homes to Teleworking Centers
(Road Network)

Legend
19.99 Km or Below
20.00 Km -
30.00 Km - 39.99 Km
I 40.00 Km -
I 50.00 km -

I 60.00 Km or Above

29.99 Km
49.99 Km
59.99 Km

— — T
0 10 20 40

B: Existing Commute Distances
(Road Network)

Legend

[ 11000 km
[ 2000 km
[ 20.00 Km - 39.99 Km
I +0.00 Km - 49.99 Km

I 50.00 km or Above

-19.99 Km
-29.99 Km

— —
0 10 20 40

C: Distance Reduction by Teleworking
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F: Distance Reduction by Teleworking
(Public Transportation Network, F=E-D)

Figure 7. Distance Reduction by Teleworking
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Figure 8. Amount of Daily Commute Trips to Seoul
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Table 7. Daily Commute Trips to Seoul and CO, Emission Reduction by Teleworking

CO; Emission(Before)| CO, Emission(After)| CO, Emission Ratio of

(kg/day) (kg/day) Reduction(kg/day) |the CO, Emission Reduction(%)
Gapyeong 10,192 3,474 6,718 66
Goyang 155,304 45,295 110,009 71
Gwacheon 22,753 3,140 19,613 86
Gwangmyeong 36,144 8,758 27,386 76
Gwangju 28,232 9,550 18,682 66
Guri 16,223 1,924 14,299 88
Gunpo 9,724 1,560 8,164 84
Gimpo 45,336 10,802 34,534 76
Namyangju 47,011 19,101 27,910 59
Dongducheon 5,524 372 5,152 93
Bucheon 67,808 10,065 57,743 85
Sungnam 100,245 34,599 65,646 65
Suwon 79,467 7,157 72,310 91
Siheung 26,728 6,527 20,201 76
Ansan 23,411 2,825 20,586 88
Ansung 8,961 1,494 7,467 83
Anyang 21,290 3,073 18,217 86
Yangju 11,432 3,080 8,352 73
Yangpyeong 11,028 3,692 7,336 67
Yeolu 11,425 1,773 9,652 84
Yeoncheon 4,452 812 3,640 82
Osan 6,529 473 6,056 93
Yongin 149,405 39,260 110,145 74
Uiwang 4,445 856 3,589 81
Uijeongbu 33,602 4,512 29,090 87
Icheon 24,903 5,236 19,667 79
Paju 24,252 6,601 17,651 73
Pyeongtaek 19,962 3,266 16,696 84
Pocheon 34,707 8,574 26,133 75
Hanam 19,752 3,282 16,470 83
Hwaseong 13,617 3,950 9,667 71
Incheon 115,288 23,050 92,238 80
Total 1,189,154 278,133 911,021 77
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Figure 9. CO, Emission Reduction by Teleworking
(Current Use)
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Table 8. CO, Reduction by Teleworking in terms of
the Change of Modal Choice Rates

Passenger Public
Car Use |Current Use | Transportation
Only Use Only
The Ratio of
Publi 50 9
e 0 % o 100 %
Transportation (mean value)
Use
CO
Reducticjn b 1,509 ol 320
Teleworkingy Ton daily | Ton daily Ton daily
Public
Passenger Transportation
t
| car 1000, [ CvTen 100%,
Descriptions Modal .
Road . Public
Choice Rates .
Networks Transportation
Networks




Legend

[ 119.999 Ton or Below
[ 120,000 Ton -
[ 40.000 Ton -
I 50.000 Ton -
I 0.000 Ton -

I 100.000 Ton or Above

39.999 Ton
59.999 Ton
79.999 Ton
99.999 Ton

Legend

[ 19.999 Ton or Below
[T 10.000 Ton - 19.999 Ton
I 20.000 Ton - 29.999 Ton
I 30.000 Ton or Above

— —
0 10 20 40

(a) Passenger Car Use Only

(b) Public Transportation Use Only

Figure 11. CO, Reduction by Teleworking in terms of the Change of Modal Choice Rates

B ATe] Ane AL AR 4= BAT
(A ) & Shbe] PATFAEE QI F CO; A
AL 19 712 % 91E(Ton 0 2 HAE|3c. o]o]
19 2RAREAH 2589 AguuE Az
235,056 9] CO,Z 1231,—}5[’«* 51 2 9 oH A7 2

o

olet. 0|2 A} 72 B
45 A4,

E5t WE Bgo]
7ol o g
e v 27 ekt

gAzRAE ] 279}
sto] ool Ao} rzh:m sk,

B AT THe] AATRAIE 4

T o= A a8E ATHeR AEdo RN F
T dATHAE S BabE IAE ffRt Tto|=Egle
2 2ol 7kttt o5 Ft AT TAlE S 2
o] SH49 AAHS 93 A7 W V| ZAREE &
& 7hedtth =3k A AAIF R 247RAS A3l o
gk galo] SHiEaL Lo R CO, Attt i B4

2 el 3B oy J1 st e
A 7uke] 7|z A 389 4 ok
AT to] 7P e Tuke R Fhael o
AAlE Aol st Hajo] HaH o] HB CO;
Avtet w7 ojgich. wEw 22 917
5=, B AR § Av] 92 X

2= 2o, e

TR

Ha

s

o= 7o

101

=
i
HHE e
i
Tiio
1o
”La
)

4 2 YA
B Ay

References

[1] Bailey, D. E; Kurland, N. B. 2002, A Review of
Telework Research: Findings, New Directions, and
Lessons for the Study of Modern Work. Journal of
Organizational Behavior, 18(4):480-488.

[2] Cho, S. H. 1998, Characteristics of Telecommuting
and Changes of Travel Demand, Applied Geography,
21:85-114.

[3] Dissanayake, D; Morikawa, T. 2008, Impact assesment
of satellite centre based telecommuting on travel
and air quality in developing countries by exploring
the link between travel behaviour and urban form,
Transportation Research Part A: Polcy and Practice
42(6):883-894.

[4] Ha, W. G; Choi, M. S. 2012, The Direction of the
Progress and the Scheme of Reorganization of the
AToN-based Hyper-connected Infrastructure. Elec-
tronics and Telecommunications Research Institute,



AAT, 24

27(6):182-196.

[5] Henderson, D. K; Mokhtarian, P. L. 1996, Impacts
of Center-Based Telecommuting on Travel and
Emission: Analysis of the Puget Sound Demonstration
Project, Transportation Research Part D: Transport
and Environment 1(1):29-45.

[6] Hong, K. S; Lee, S. H. 2003, Potential Demand for
Telecommuting in Seoul Metropolitan Area, KSCE
Journal of Civil Engineering, 23(5-D):605-613.

[7] Hopkinson, P; James, P. 1999, The environmental
impact of teleworking, Proceedings Telework 99
Conference, Aarhus, Denmark, September 22-24:
187-195.

[8] Illegems, V; Verbeke, A; S'Jegers, R. 1999, Tele-
working a multipurpose policy tool, Proceedings of
Telework 99 Conference, Aarhus, Denmark, September
22-24:172-187.

[9] TPCC, 2006, Guideline for National Greenhouse Gas
Inventories.

[10] Kim, S. N; An, K. H. 2010, Estimating the Travel-
related Impacts of Home-based Telecommuting-
Focused on the Vehicle Kilometers Traveled(VKT)
in Seoul Metropolitan Area, Journal of Korea Planners
Association, 45(7):147-164.

[11] Kim, S. N; An, K. H. 2011, Home-based Tele-
commuting and Cities: A Synthetic Literature
Review and a Framework for Future Research, The
Korea Spatial Planning Review, 70:111-138.

[12] Kim, S. N; An, K. H. 2011, The Relationship
between Home-based Telecommuting and Residential
Location-Focused on the Salaried Workers in the
Seoul Metropolitan Area, Journal of Korea Planners
Association, 46(7):37-55.

[13] Kim, S. W. 2001, Impacts of Home-Based Tele-
commuting on the Commuting Patterns and Urban
Spatial Structure, Journal of Korea Planners Associa-
tion, 36(6):41-55.

[14] Kim, Y. O; Jung, G. N; An, S. Y. 2002, Current
State of Teleworking and Policy Issues at the
Enterprise, Korea Women’s Development Institute.

[15] Koenig, B. E; Henderson, D. K; Mokhtarian, P. L.
1996, The Travel and Emissions Impact of Tele-
commuting for the State of California Telecommuting
Pilot Project, Transportation Research Part C:
Emerging Technologies 4(1):13-32.

[16] Korea Energy Economics Institute, 2012, Yearbook
of Energy Statistics 2011.

[17] Korea Rail Network Authority, 2010, Statistical

102

yearbook of Railway 2009.

[18] Korea Rail Network Authority, 2010, Study of
Revision about Railroad Investment Evaluation
Handbook.

[19] Korea Transportation Safety Authority, 2010, The
Resulting Report of Public Transportation Investigation.

[20] Metropolitan Transportation Authority, 2009, Study
on Transport Demand Forecasting and Response
measures for the Seoul Metropolitan Area.

[21] Ministry of Land, Transport and Maritime Affairs,
2011, The Preparation of the 4th, A Study on the
Transportation Facility Investment Evaluation Gui-
delines.

[22] Mokhtarian, P. L. 1998, A Synthetic Approach to
Estimating the Impacts of Telecommuting on
Travel, Urban Studies, 35(2):215-241.

[23] Nilles, J. 1975, Telecommuniting and Organizational
Decentralization IEEE Transactions on Communica-
tions 23(10):1142-1147.

[24] Oh, 1. G. 2012, SMARTWORK: The Revolution of
Work and Work Space, Sung An Dang Press.

[25] Perez, M. P; Sanchez, A. M; Carnicer, M. P. L;
Jimenez, M. J. V. 2004, The environmental impacts
of teleworking-A model of urban analysis and a
case study, Management of Environmental Quality:
An International Journal 15(6):656-671.

[26] Park, E. J; Kang, K. Y. 2009, Quantification of CO,
Uptake by Urban trees and Greenspace Management
for C Sequestration, Gyeonggi Research Institute.

[27] Seoul Development Institute, 2009, Basic Research

on Carbon Emissions management for the transport

sector in Seoul.

Shim, 1. S; Han, H. S. 2004, The Trend of Tele-

commuting through the IT and Its Critical Observation:

Focusing on State Government of Germany, Journal

of Korean Association For Local Government Studies,

16(1):369-385.

[28]

©2014.7.8
12014.8.29
©2014.8.31



