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Abstract: Telework (or telecommuting has been proposed as a way of reducing transportation externalities such as congestion and
passenger vehicle energy use. While there is contention among sources about the secondary induced transportation effects, many stuc
have estimated net benefits as a result of transportation reductions. Analyses including effects from shifts in commercial and residentic
building energy use, however, are not as visible. It is expected that commercial building energy use would decrease, and residential ener
would increase as a result of telework adoption. We estimate macrolevel energy effects across these three energy intensive sectc
(transportation, commercial, and residential buildings help characterize the potential of telework as a policy initiative to improve
national energy efficiency. For current estimated teleworking populations and practices in the United States and Japan, we estimat
national level energy savings of only 0.01-0.4% in the United States and 0.03-0.36% in Japan. In a future scenario with pervasive
adoption of teleworking, where 50% of information workers telecommute 4 days per week, United States and Japan national energ)
savings are estimated at only about 1% in both cases. These energy savings are quite modest compared with currently available poli
options to mitigate energy demand. By comparison, an improvement in average vehicle fuel efficiency of 20% would save 5.4% of total
United States energy demand, suggesting that the direct benefits of adopting telework are relatively small given the large degree c
behavioral and structural change required. Still, presuming that future work practices tend to favor greater adoption, the potential energ
savings may merit direction towards environmentally beneficial implementation. If trends in the workplace favor more telework in the
future, we suggest that maximizing environmental benefits merits greater attention to how telework is adopted. Obviously the increaset
number of avoided commutes is a factor, but more importantly, elimination of office space due to virtual offices yields energy savings that
rival those from reduced commuting. Future analyses and implementation of telework should thus give greater attention to energy use i
buildings and residences.
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Introduction and cooling of unoccupied spaces, and a more extreme climate.
Telework has the potential to significantly reduce personal trans-
Telework (or telecommuting could become one of the major en-  port energy use through reducing commuting travel. Telework
vironmentally beneficial applications of information technology also affects energy use in commercial and residential buildings. A
affecting infrastructure sectors. Particularly affected are transportcertain degree of office space and associated energy can be elimi-
and buildings, both significant consumers of energy. The transportnated while additional time spent at home implies increased resi-
sector represents 26% of total energy demand in the United Stateglential energy use.
and 25% in Japan, of which around 1/3 can be attributed to  Presuming for the moment that telecommuting is, on the
commuting (EDMC 2001; Ministry of Public Management whole, beneficial for the environment, reaping net energy benefits
2001b, EIA 2003a Energy use in commercial and residential first and foremost requires that it be widely adopted. A recent
buildings combined represent 40% of total energy consumption in study by the USBLS2002 suggested 15%20 million persons
the United States and 27% in Jap&DMC 2001; EIA 2003a of the work force did work in the home. However of that number,
Major factors accounting for the dramatically higher share in the only 17% (3.4 million) were doing paid work at home, with the
United States are larger per capita building space, more heatingremainder bringing additionalunpaid work at home or were
self-employed. It is important to separate telework and potential
Iassistant Professor, Dept. of Civil and Environmental Engineering/ telework amongs these categories. While the United States has
Engineering and Public Policy, Carnegie Mellon Univ, Pittsburgh, PA been the world leader in adoption, Japan is well behind the United

15213-3890. E-mail: hsm@andrew.cmu.edu _ States with an estimated telecommuting workforce of 2.2 million
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This paper is part of thdournal of Infrastructure SystemsVol. 11, No. motives reported by firms and employees are desires to cut costs
1, March 1, 2005. ©ASCE, ISSN 1076-0342/2005/1-21-30/$25.00. and improve productivity wasted in long commutes. If environ-

JOURNAL OF INFRASTRUCTURE SYSTEMS © ASCE / MARCH 2005/ 21



mental benefits are significant, it is desirable that such consider-practices. One interesting difference in this vein is that central
ations are more effectively incorporated into the milieu of forces climate control systems are almost unheard of in Japanese
governing its adoption. One option is policy action to promote homes—rooms are typically heated/cooled individually according
greater adoption. Also, it is possible that benefits depend stronglyto demand. This should lead to a far greater sensitivity of residen-
on how telework is adopted, in which case assessment can play attial consumption to telecommuting adoption.
important role in ensuring that it is implemented in an environ-
mentally effective way. Methodology

Research assessing the environmental implications of telecom- . L .
muting began in the late 1980s; much of the United States work The main research question is how national-level energy use as-

to date has focused on analysis of transport impacts and has ofter?oc'auad with transport and building infrastructures changes ac-

been geographically centered in California. A variety of empirical fﬁédbm?té% csut;rt(zr;t::g J;tu;ﬁ v(\gﬂ?:aig(r)ptlgrs]s?afstserlr?gr?tnijr?::lljl}g]gslgnl
surveys characterizing changes in the travel behavior of telecom- pan. 9y y

muters have been undertakéamer et al. 1991; Pendyala et al direct shifts in consumption in vehicles and buildings, although
1991 Henderson and Mokhtarian 1996'.Koeni§ ot al y19‘96e " indirect factors such as reduced congestion and construction of

- . ._infrastructure could be significant.
consensus seems to be overall vehicle use reducing substantially The focus on the national level in the statement of the research
(50-70% reduction on telecommuting days is typic#hile the

: . . .. question is key: the ensuing method must formulate appropriate
number of noncommute trips generally increases slightly with . . . '
. . . averages of a variety of telecommuting practices. There is no
telecommuting, the total miles traveled for noncommuting pur- . - : e
oses, surprisingly, usually does risdokhtarian 1998 This is obvious appropriate bound on the complexity of quantitative
P ' P g, ya . models that could be formulated to address this research question.
perhaps due to people choosing closer to home locations for shop

ing or recreation if not commuting. A US Department of Trans- For example, in areas with congested traffic, energy savings is a
por?at'on studv from 1993 est'matgd that 5 2(5 of the work force nonlinear function of the number of cars taken off the road. Met-
P : udy : e W . ropolitan areas often have higher concentrations of information
telecommuting 3-4 days/week would save 1.1% of national

. . . . workers, thus it could be argued these should be modeled sepa-
gasoline co_nsumptl_omU_SDOT 1993. Mokhta_rlan synthe§|zed rately. The philosophy here is to start with an integrated scoping
telecommuting studies into a model suggesting that 6.1% of the model, the elements of which can be upgraded in future work.
workforce telecommuting 1.2 days a week saves 0.5-1% of ve-), .. ’00”0 ially. our intention is to provide back-of-the-
hicle miles traveled(Mokhtarian 1998 Kitou and Horvath quiafly, our | : I provi

2003 develoned it ted del including t . envelope estimates as a baseline for upgraded models. For the
( 3 eveioped an Integrated model inciuding transport, com- purposes of being able to compare United States and Japan cases,
mercial, and residential buildings, and electricity use by equip-

we will use a simpler model for assessing transport impacts com-

men.t(.j Thﬁ reUar.e ;ssyet relat.i(;/e?/ few aslsessmkegts :f telewo:jkpared with, for instance USDOE.994 or Mokhtarian(1998.
outside the United States aside from early work by Hamer an The starting point is estimating how many workers can in

coII?b?r:aiofrs in the Nethefrlgncj%grﬂetr Tt al. 199)3‘ Arqfa:jlk r(:‘- h tprinciple telecommute. The assumption here is in line with exist-
ports that four surveys of swedish telecommuters indicate tha ing literature, that “information workers,” i.e., clerical workers,

20-80% do not experigqge any reduction jn tra(/Atn_faIk designers, engineers, could do @SDOE 1994. Mobile sales

19%9' How'fver,hthe (;_efpnlt:on O_f telecor.nmutlng ;’Sﬁd In the”s% forces are something of a special case, and are counted as infor-

f’ttul 'es ma tes }8%?; difficult to mterpreta :nany totht € so-called ation workers here. The next issue is how to interpret macrosta-
elecommuters80% in some casgspend time at the company tistics on the structure of employment so as to distinguish the

every workday. . . I . possible telecommuting subset of the work force, to be dealt with
In this paper we estimate national-level shifts in energy use in in later sections

United St%t(?s and japa_n buf'ld'?g and trgnsp_lc_)kr]t secFors due to The next step is estimating the average energy shift in trans-
current and future adoption of telecommuting. The main purpose port and building sectors. A simple linear model is assumed. An

Is to scope ﬂle rrkl]acrlolev?l po;entlal of tele?ommutmg as an eg'average energy per commute is estimated from macrostatistics,
€rgy savings technology, set.tlng a coptext or.|ts promotion and |, energy use allocated according to the relative amount of time
a_doptlon via governm_ent poll_cy {and firm gnwronm_ental stra’Fe- spent on commuting compared with other travel. This disregards
gies. We view the main contnbupons of th|§ analysis to the lit- any additional benefits due to reduced congestion, thus represents
erature as threefold. First, a particular effort is made to character-a lower bound on potential savings. There is currently insufficient

z€ ma(_:rolevgl . effects on energy use in commercial -and data to allow an accurate estimation of savings in commercial
residential buildings, a significant and complex factor that has buildings. This is estimated through review of the reported sav-

r'\ici'k:/eq Scigg atteng_or(; n thle Irllt_itrat_ure t% da_tel. Handy and ings of firms implementing telecommuting, from which plausible
okhtarian(1999 studied actual shifts in residential energy use scenarios are constructed. Residential energy is handled in Japan

but not the commercial sector, which actually uses much more ; . : ;

. . ' ; by assuming(quite plausibly that each day telecommuting re-
eng(rjgy t[nlthe dUnlted Sta}t?sb |.<|'(§.0u apd tl:o_rvgt? mc![ut(jjed bocl)tr quires increased heating/cooling of one average room. The esti-
Lestl e? 1al-an (_:onlwrtnerua ul 'T_gs |fn thelr mteglrafef_ MOCEL “mation of residential energy change is much more difficult for the

ut only In marginal terms accounting for the actual oflicé Space )njtaq states because central heating/cooling is relatively insen-

“assign_ed” to_th_e workefKitou and Horva'_[h 2008 HOWGV_e“ . sitive to occupancy. This is handled by making assumptions about
total office building space and corresponding energy use is typi- the effects of undoing the benefits of automated climate control
cally 3—4 times that of individual office€CPEEB 2001; USEIA systems in residences

2002, thus at the macrolevel where entire buildings can be elimi-
nated, potgntlal savings are much higher. Sgcond, we believe .th'SStatus and Trends in Telecommuting in the United
to be the first national estimates of telework-induced energy shifts States and Japan

that include the buildings sector. And finally, comparing United
States and Japan should provide insights into how environmentalWhat telework actually is poses a more complex question than
costs and benefits vary according to population density and localone might think at first. Is working at home after hours included?
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What about a freelance web designer who works from home? A In the United States, there are many federal, state, and local
variety of different definitions are possible and actually used in programs educating and encouraging firms and their employees to
practice, contributing to a great deal of confusion as to the statusconsider telework as an alternative to their current labor/work
of telework. Here we are mainly concerned with those workers practices. At the federal level, telework is linked with Transpor-
for whom communication technologigsnainly computers and  tation Demand Management as an example way of improving the
the Internet, but also phopenable productive off-site work ac-  efficiency of transportation systems. Large firms known to be
tivity, avoidance of commutes, and entire days spent in an office. active in adopting telework include AT&T, EDS, HP, IBM, and
The “classical” salaried telecommuter in a certified telework pro- ynjsys. These programs have participants from sales, clerical, and

gram is clearly included, but we also believe that workers for management staff. AT&T notes that 17% of its managers work
whom information technology enables work at hoteech as the ¢ time from home with an estimated annual benefit of $150
aforementioned freelance web desigretould be considered as | iiion (Roitz et al. 200% Six to ten percent of HP's United

tele_:rv;/]orke[]s as \évell. ber of dertaken b . States staff work at home at least once per week.
ere have been a number of surveys undertaken by various ¢, o Japan Telework Associati¢diTA) did a survey in 2002 of

organizations over the years to characterize the level and patternsJ - . .
o - apanese workers to estimate the telecommuting population. In
of telework adoption in the United States and Japan. Even so, the b 9 pop

field is still plagued with uncertainty on basic questions such as 2002, 4,125 surveys were record(_ad_ from company Wortéd 5_0
. 4 . . response raje(JTA 2003. The definition of teleworker entailed
the size of the current telecommuting population. United States

studies of population of home workers give figures ranging from working na place other.than their primary pu3|ne§s locagrat
3.6 to 15.7 million for 1997 and 1996FIND/SVP 1995; BLS necessarily homeand using ICT to accomplish their work tasks.

1997, 2003; Cyber Dialogue 1999; Keil 2000; Kuenzi, and Re- ;I'hey estimgt_ed national teleiworkers in several categories. First,
schovsky 2001 to 19.6 million in 2000 (Telework America broad definition teleworkers” are thqs_e who telewor_k on average
2001). While it is not entirely clear why the figures should vary so €SS than é/week. Of these, 4.43 million were salaried and 1.91
much, Mokhtarian and collaborators suggest that differences inMillion were self-employed. Second, “teleworkers” are those who
the definition and survey questions as well as statistical problems!€/ework at least &/week. Of these, 3.11 million were salaried
associated with small sample sizes are important fa¢idokh- and 0.97 million were self-employed. The total telework popula-
tarian et al. 2004 At any rate, it is clear from the wide range of ton is 7.54 million salaried employees and 2.88 million self-
results there is as yet no consensus regarding the size of theémployed(10.42 million tota).
telecommuting population. The 2002 JTA survey did not report telework intensities but
The US Census Survey of Income and Program Participation the split of broad definition and regular teleworkers implies an
(SIPP has the virtue that workers who spend some time at home intensity of about 1 day/week. However a similar study done by
or are entirely home based are clearly distinguistiéaenzi and JTA (2000 reported 2.5 million salaried teleworkers with inten-
Reschovsky 2001 as well as the distribution of telecommuting sity of 20% 5 days/week, 20% 3-4 days/week, 30%
frequencies. The number of “mixed workers,” who work at home 1-2 days/week, and 30% 2-3 times/month or less. This trans-
at least 1 day/week and also elsewhere, is estimated at 2.9 mildates into an average telework intensity of 2.2 days/week. The
lion in 1999. The number of “home workers,” who work only at disagreement between the average intensities could result from
home, is estimated at 6.4 million, for a total telework population survey biases, nonhome telework, or simply workers doing extra
of 9.3 million. work at home after a day at the office. We emphasize that the
Data on the intensity of teleworke.g., number of days at  United States experience shows that survey results can vary
home per weekis scarcer than that of the overall telecommuting widely and having only one data point from Japan implies that
pOpu|atI0n As pOInted out by MOkhtarlan et al. 2004 many Sur:' uncertainty Correspondingly increases_
veys ask how many hours people worked at home, a quantity  Tywg percent of Japanese firms surveyed reported that they
difficult to translate into number of commuting trips avoided. paye a telecommuting progradTA 2000. Large firms well-

Also, it will become clear that the estimation of commercial | hown to be active in adopting telework are IBM, NEC, Price
building savings requires not only data on the average number of\y.iarhouse Coopers, and Fujitsu. Current telecommuting pro-

telework days, but their distribution as well. This is because oc- grams are mainly aimed at mobile sales and customer service

ca_spnal telecommuting will not save any appre_ua_lble office forces, though with some specialists and office workers also par-
building energy, but a worker with a virtual office eliminates the ticipating (Ibid)

need for an entire commercial offidaith associated overhead . . -
o IBM Japan has implemented telecommuting for a significant
space. The SIPP survey reports that the distribution of telework . .
numbers of its salespersons, system engineers, and customer en-

intensity for mixed workers is 60% for 1 day/week spent at .
home, 21% for 2 days/week, 7% 3 days/week, 4% 4 days/week,g'neers' In 2000, 4,500 of 20,000 IBM-Japan employees were
participating. Generally telecommuters are expected to only come

and 8% for 5 or more days/weéKuenzi and Reschovsky 2001 )
This translates into an average telework intensity of (© the office 1 day/week though some choose to come more

1.8 days/week for the United States. However the SIPP survey isften. The closing of a large office building was largely accom-
problematic because it forces respondents to work at leastModated by the switch to telecommuting and fitting four tele-
1 day/week to be in the mixed worker category. Many telework- Workers in the office space of three.

ers probably spend less than 1 day/week at home, as suggested Elmed-Eizai provides an interesting example of a firm that was
by a 1.2 day/week average for all teleworkers reported by Handy Planned from the start with telework in mind. The idea was to
and Mokhtarian1995. For home workers in the SIPP study, 8% operate a national pharmaceutical sales force via a slim adminis-
worked only 1 day/week, 3% for 2 days/week, 5% 3 days/week, trative center in Tokyo and salespersons telecommuting from dis-
3% 4 days/week, and 81% for 5 or more days/week for an aver- tant prefectures. Telecommuters only report to work once a month
age of 4.9 days/week. Note that the average for all workers is for group meetings. The headquarters itself contains only admin-
given as 0.3 days/week. istrative staff and meeting spaces.
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Potential Teleworkforce Table 1. United States Working Population by Categ¢2p02

Population

As mentioned above, a primary need is an idea about the potentialcategory Percent (rr?illion)
size of a teleworkforce given current job tasks and labor practices . .
S L . . Professional specialty 16.2 21.9
in industry. In principle, only information workers should be able Management 15.2 205
to telecommute: These workers deal in information and do not 29 ' '
necessarily have to physically be present at the workplace. Fourservfc‘_3 wo.rkers 13.7 18.5
characteristics are identified as key in determining whether aAdministrative support 136 18.3
given job can be partially or entirely switched to telecommuting: Sales(including retai) 117 15.8
1. individual versus group work; Precision production 10.6 14.3
2. availability of clear parameters for evaluation; Machine operators 4.8 6.5
3. whether the work requires ongoing personal contact with Transportation 4.2 5.7

customers; and Laborers 3.9 5.3
4. if it requires physical work to be done on-site or not. Technical support 3.3 4.5
Group work here means that the jobs require substantive interac-Agriculture 2.3 3.1
tion with co-workers at least several times a day. Much office Household service 05 0.7
work fits into this category. While phone and email serve as par- 1qig _ 100

tial substitutes for face-to-face interaction, activities such as strat-
egizing, planning, multiperson meetings, and maintaining work

relationships are better done in person. The issue of evaluation is 1 pe conservative, we assume that half of the sales positions
also important. Work with clearly defined outputs such as sales gre nonretaile.g., corporate sales forces, marketing,)etnd that
figures, qpallty, .and number of rese'arch/analy5|s generated iSmanagers will not be telecommuting in the near futtaéhough
more easily switched to telecommuting. Other types of work seyeral of the companies listed above show significant inroads in
often come in smaller packets and need closer contact with man-yis work category. Note that retail is roughly 50% of sales jobs
agers to communicate performance. Criteria 3 and 4 relate to they, Japan. It is not obvious to what degree telecommuting can
need for the physical presence of the worker. The obvious obser-crrently be adopted in the administrative support sector. Many of
vation is that only jobs f[hat deal in |r_1format|on processing pf the jobs qualify as “group work” and evaluation is not as simple
some sort can have their output mediated through communica-as compared to, for instance, salespersons and designers. Im-
tions systems. The neighborhood hair stylist, for example, will 5r5vement in communications technology could make a signifi-
not be telecommuting anytime in the near future. _ _cant difference. In particular, the availability of reasonable quality
As evidenced by the variations in telework population esti- ;gegconferencing-on-demand could help in circumventing barri-
mates above, accurately estimating the number of jobs that will be o o telecommuting in the clerical sector. We include all three
switched to telecommuting as well as the number of telework sectors in estimations of potential telecommuting sectors, where
days per week in practice, is clearly difficult. Our approach is t0 egtimations for energy savings per individual labor sector can be
use national level statistics describing the structure of the labor gpi5ined by multiplication of the appropriate ratio. Many jobs in
force to identify the “information workers™ in an economy. ggjes technical support, and professional specialty sectors can be
Clearly not all of these workers are or will be telecommuting, but made teleworkable, less so for the clerical sector. Overall we

we assume, for the purposes of estimating the long term environ-estimate 53 million potential information worker jobs in the
mental benefits of telecommuting, that all information workers United Stategabout 40% of the total workforge

can in principle telecommute. Mohktarian, based on empirical
and behavioral considerations, suggests that about 50% of infor- ) )
mation workers could telecommut®okhtarian 1998 Labor Structure in Japan and Telecommuting

Table 2 summarizes Japanese national statistics on the distribu-

Labor Structure in the United States and Telecommut- tion of different types of jobs from 200Ministry of Public Man-

ing

Table 1 summarizes United States statistics on the distribution of rapje 2. Japan Working Population by Categd8001)
different types of jobqUSBLS 1997, 2008 Note some of the

official Census job category fitles have been truncated and ad-_ Percent P(?npi::ilg:,i;m
justed to match Japanese data below for comparison. The Profes- gory
sional Specialty category includes engineers, scientists, and techFactory, construction 28.2 17.7
nicians. The Sales category includes retail employees as well aLlerical 19.8 12.4
mobile sales staff, marketing personnel, etc. Administrative sup- Specialty, technical 13.7 8.6
port includes secretaries, as well as computer and data entry techservice 8.7 55
nicians. Technical support includes computer and other supportsgles 75 47
positions. _ _ ) ) Retail 7.4 4.7
The four categories we consider to be United States “informa- »gicyiture 5.2 33
FIOFI v_vorkers” are pr(()jfes]islongl spf?mallty, tgqhmcak: support, admin- Transport, communication 3.7 23
istrative support, and a fraction of sales. Given the current pattel.rnwIanagement 30 19
of adoption, it is clear that the nonretail part of the sales sector is : .
) . . . .~ Security, maintenance 1.6 1.0
already ripe for teleworking. The professional specialty sector is oth 12 07
telecommuting to a certain degree already and a very significant er : :
Total 100 62.9

fraction of jobs can clearly make the switch.
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agement 2000a The sector “specialty/tech.” includes research- area per office worker is 39 with 13%wffice area USEIA 2002.

ers, designers, engineers, and computer technicians. The sales Japan, the total building area per office worker is 1628 m
sector here is by and large, mobile sales and support beke while office space is 5.5 fa—more than 50% less in both catego-
is a separate retail secjoihe service sector encompasses mostly ries (CPEEB 2001 Taking a specific example, IBM-Japan re-
personal(as opposed to busingsservices such as restaurants, ports a 25% reduction in desk space with their 4 day/week tele-
hotels, entertainment, education, and medical. This crude divisioncommuting program for sales staff. If “supporting area” is
of work types is not entirely sufficient to inform what jobs are similarly reduced, office energy use should also fall around 25%,
telecommutable_ or not. For instance, _Whlle most jobs in the ser- pyt if only office space is reduced, these savings are cut to 6%.
vice sector require personal contact with customers at the place ofrhe potential for space reduction is related to the number of times
business, it also includes the advertising business, some COMPOper week workers telecommute: once or twice per week may not
nents of which are definitely telecommutable. Even given this |gaq to any change in commercial energy use at all. This is be-
caveat, the categorization is useful for a first-order approximation 5;se the office layout remains the same and as nearly all the
of the share of jobs for which telecommuting may be feasible. space is communal, the absence of a few workers will probably

The four “information worker” sectors we consider for Japan no¢ affect energy use. Currently, analysis of the relationship be-
are specialty/tech, management, clerical, and sales. Given the CUlfveen telework choice and building energy use as well as the

rgnt pattern of adopt.ion, itis clear Fhat the sgles sector is alrea.‘dydistribution of firm adoption of telework choice is insufficient to
ripe for telecommuting. The specialty/technical work sector is

telecommuting to a certain degree already and a very significant

fraction of jobs can clearly make the switch. It is perhaps safe to

assume that managers will not be telecommuting in the near fu-

ture. As mentioned above, it is not obvious to what degree tele-

commuting can currently be adopted in the clerical sector.

Table 2 shows the Japanese working populations in the sectord=ffects on Energy Use in Residences

considered as “information worker,” the total of which is 28 mil-

lion, about 44% of the total Japanese workforce. Workers spending more time at home implies increased energy
use in the residential buildings sector. The three main power uses
to consider are for climate control, lighting, and office/IT equip-

Effects on Energy Use in Commercial Buildings ment use. It is assumed that the difference between power con-

sumption of using IT equipment at home or at the office is neg-

ligible compared to the climate control and lighting factors.

make a detailed estimate. The issue will be treated in this estimate
through constructing plausible scenarios connecting telework
model and building use.

United States Case

Commercial buildings represent a significant share of energy use

in the United State€14%). Total site consumption of energy in  United States Case
commercial buildings in 1999 was>610MJ (USEIA 2002.
Note total primary energy consumption is roughly double -13.6
X 10*MJ. The total site energy consumed in United States office
buildings was 1.% 10MJ in 1999(USEIA 2002. Energy Infor-
mation Administrative statistics also suggest that 29 million

The majority of United States homes have centrally managed
heating/cooling system@&@s opposed to room-by-room conjrol
Further, many of the homes occupied by workers in these job
types and income ranges have programmable thermostats that re-
. ) ) L . duce energy use during the workday. Thus it is not straightfor-
Americans work in office buildinggUSEIA 2002, yielding a ward to estimate the additional heating/cooling effects of a tele-

naive "site building energy use per office worker" of 38,000 MJ. worker spending the day at home. Inefficient energy management
Note that the EIA source above has a fairly narrow definition of . P 9 y ) gy 9 ’

office buildings(such that only 29 million Americans work in 1.€., spaces he_ated/cooled regard_less of occupancy, implies less
such placesand has other similar categories that could be con- pot_entla_tl ben_eflt from_ teIecomn_‘nutmg. However one approach _to
strued as office environments. However, we desire an estimate offStimating this value is to consider the energy efficiency benefits

energy use pertaining to these office environments and thus usepf programmable thermostats—about 5_19%DOE 1?97 and
the specific office building definition to derive the per worker aSsume that these thermostats would be “turned off” for the day

ener while teleworking, thus eliminating that 5-15% benefit. Since the

gy use. _ ) .
average site energy use per United States household is
97,000 MJ/yeaUSEIA 2003h, 10% would be 9,700 MJ/year

Japan Case in additional energy use for a 5 day/week telecommuter. Note

Commercial buildings also represent a significant share of energythat total primary energy uséncluding primary energy used to
use in Japan(13%). Total consumption in 1999 was 191 Jenerate electricityis 174,000 MJ/year. Separately, the USEIA
X 101° MJ. The total energy consumed in Japanese office build- (20039 Residential Energy Consumption Survey 2001 found that
ings is 34x 10'° MJ in 1999(EDMC 2001). Labor statistics sug- ~ average energy consumption for households where at least one
gest that 28.7 million workers work in office buildings, yielding a person is home all day was 103,000 Mérsus 92,000 MJand
naive “building energy use per office worker” of 11,800 MJ. 121,000 MJ when a home is used for businéssrsus 95,000

The question of actual savings in office building energy use MJ). The differences between these subsequent household types
due to telecommuting is complex to answer. Much depends onare generally in the 5-15% range noted above but could encom-
how the program is designed and managed by the firm. One pointpass many scenarios other than telework business. Thus, we ex-
is that reducing office space does not automatically lead to sig-clude the primary energy needed for electricity generation and
nificant energy savings. Around two-thirds of the area in office assume a conservative 9,700 MJ more per year needed as a result
buildings (and energy uges not actually office space, but rather of 5 day/week telework. Any less telework per week is a linear
hallways, meeting rooms, etc. In the United States, total building function of the 5 day amount.
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Japan Case Table 3. Annual Energy Use Per Worker/Household in Building and
Transport Sectors

With respect to climate control, central heating/cooling is almost

unheard of in Japanese homes: temperature is generally control- United States Japan
lable room-by-room, on demand. This means that the additional (M) (MJ)

energy use for the home office can be estimated by calculating the©ffice Bldgs(per workey 38,000 11,800
requirements of a single room. Annual per household use of en-Residentialper household 97,000 14,250
ergy for climate control is 14,250 MEDMC 2003). A home Commuting(per workey 42,000 14,400

office probably takes one third the area of an average Japanese
residence when energy of the primary workspace and ancillary

space is considered. The average wattage/room for climate con-
trol can be estimated by assuming 12 hour/day usageway(ORNL 1995, we assume a 24 nig8 km) average commute

S . per day. Over 250 workdays per year, this is 6,0009600 km
365 _days_,/_year, yielding an estimate Of. 300.W per room. _For commuted, which would consume 353 gd!,330 L) of gasoline.
lighting, it is assumed that one home office will typically require

200 W of power. Using these figures, a 5 day/week telecommuterAt 120 M‘.J per gallon, this is 42’090 M.‘J of comr_nut|_ng_ energy

. . T consumption per yeaithe 80% savings is dealt with inside the

should expect to see residential energy consumption rise by 3,200

Lt mode).

MJ annually. Regardless, these values are significantly less than
the United States case.

Japan Case

The total energy consumed in Japan by automobiles, passenger
Effects on Transport Use trains and buses is estimated at 22001, 8.2x 10'% and 6.1

X 10 MJ, respectively, for 1999EDMC 2007. National sur-
Transport energy saved per worker is estimated via macrostatis-veys of time use indicate that the population over age 10 spends
tics on energy and time use. A telecommuting day, by definition, on average 72 min/day on travel, of which 56% is for commuting
is set at no commuting travel for that day. We assume that ato and from work or schoo(Ministry of Public Management
telecommuting day means that the full distance of a commute is 2001h. Statistics do not distinguish between energy use for com-
avoided, but only for workers in a single-occupancy vehicle. The muting to work and school, thus an assumption is needed to es-
first part of this assumption is that there is zero noncommute timate the share used by only work commuting. The conjecture
travel induced by telecommuting. We find this counterintuitive: used here is that most school travel is via low-energy bus and
One would expect that a fair number of shopping and entertain- train modes and thus can be neglected: all energy use by cars,
ment trips are normally combined with commuting: i.e., stopping buses, and trains is allocated to adults from age 20 to 74. The
by the grocery store on the way home. Empirical work, however, Japanese population fitting this criterion is 91 million persons
suggests that noncommute travel decreases with telecommutinglbid), combining this with the previous figures yields that the
as often as it increaséMokhtarian 1998 This may be because energy use for personal transp@atitos, trains, busgs commut-
some noncommute trips are eliminated because without the working is 14,400 MJ/person in 1999.
commute, these destinations are too far away to be attractive. Residential and commercial building energy use and commut-
Also, multiperson use of automobiles complicates the issue. Theing energy per worker for the United States and Japan are sum-
rate of single occupancy vehicle use for daily commutes in the marized in Table 3. The much smaller values for Japan in all
United States is around 80%JSCB 2003, an indication that categories is notable. For residences, we believe the main reasons
people sometimes ride to work and school together, and unless allare significantly smaller house size in Japan and the lack of cen-
persons involved telecommute, travel may not be avoided. We tral heating systems, which means that heating and cooling is only
assume that only single occupancy commutes will be avoided andapplied as needed in particular rooms. We believe this also ex-
apply an 80% savings factor to telecommuters in both the United plains why energy use per residence in Japan is close to that per
States and Japan. More precise estimates of these factors is a tasifice worker, while for the United States there is a factor of 2
for future work. To sum up, commuting energy is estimated by difference. For commercial buildings, smaller office sizes in
simply allocating its share according to the relative distance com- Japan are likely the dominant factor in explaining the smaller
muting versus other travel, and then assuming that 80% of thisfigure. For transport, greater uses of public transportation and
energy is saved on a telecommuting day. shorter commute distances are likely the main factors accounting

for the difference.

United States Case

It is assumed that the energy relevant to commuting in the United Scenarios for Adoption of Telecommuting and

States pertains to use of personal automobiles, as it is the primaryNational Energy Use

mode of transport for workers in most of the country. In addition,

using less public transportation on a marginal basis is unlikely to The preceding discussion of labor structure and energy use by
lead to any reduced scheduling of bus, rail, or other mass transitworkers in commuting, office and residences are now combined

vehicles. with scenarios for adoption in order to estimate macrolevel status
In the United States, the average personal vehicieluding and potential for telecommuting to reduce energy use of informa-

cars and light trucksin 2001 drove 11,800 mi/yedd9,000 km tion workers in the United States and Japan.

and consumed 700 ga(2,650 L of fuel at an average fuel The three scenarios of telework adoption we consider are:

economy of 17 mi/gal(7 km/L) (USEIA 2003a. The fuel for 1. Current adoptionno self-employed workeys assume 2.9
these vehicles is predominantly gasoline. Assuming no rideshar- million telecommuters spend 1 day/week at home in the
ing and an average commuting distance of 12(d8 km) each United Stateg0.4% of total worker daysand 2.5 million in
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Table 4. United States Energy Savings According to Telework Adoption Scenarios

Telework Average Transport Resid. Total

population intensity savings Commercial building Increase savings Share of
Scenario (millions) (days/week (10 MJ) savings(10'° MJ) (1010 MJ) (10 MJ) total energy
1 (with 0% office savings 2.9 1 1.9 0.0 0.6 1.4 0.01%
1 (with 16% office savings 2.9 1 1.9 1.8 0.6 3.1 0.03%
2 (with 60% office savings 9.3 4 25.0 21.2 7.4 38.8 0.39%
3 (with 70% office savings 26.3 4 70.7 70.0 21.0 119.6 1.2%

Japan also at 1 day/week. Net savings in office energy use ofemployed home workers are included: 9.3 million work@nixed
0 and 16% are considered for both countries. See below for and home workers from the SIPP sury@ythe United States and

further details on assumptions.

2. High end current adoptiofincluding self-employed work-
er9: the number of teleworkers set at 9.3 million in the
United States and 4.1 million in Japan, with average
4 days/week spent at hont®.5% of total worker days in the
United States The commercial building energy saved per
teleworker is considered as 60%.

3.  Wide adoption of occasional telecommuting: 50% of all in-

formation workers in the United States and Japan, both

4 days/weeK16% of total worker days in the United Stafes

4.1 million in Japar(all teleworkers in a JTA 2002 stuglyith an
average intentity of 4 days/week. Note that 9.3 million is cur-
rently about 1/6 of United States information workers. The dis-
tribution is 60% 5 or more days/week and 35% 1-2 days/week
(SIPB. We assume that those working at home 5 or more days per
week have no space in an office building, and that there are no
energy savings for the infrequent 1-2 days/week telecommuter.
Thus, overall office buildings savings are 60%.

Scenario 3 reflects a hypothetical future where 50% of all pos-
sible information workers telework 4 days/week. This reflects

with a 16% average reduction in office building energy use roughly a factor of 3 increase over current levels in both countries

per teleworker.

and is a reasonable bound on the composition of the workforce

To set the stage for the assumptions on office energy savings:ithat could telework. Of course 5 days/week is certainly a safer

An idealized office with perfect elasticity of energy use with re- choice of upper bound. However, we do not believe that face-to-
spect to worker occupancy would save energy proportional to face contact can be entirely eliminated from the workplace, thus
telework intensity(i.e., 2 days/week average yields 40% energy we set a 4 day/week average as a lower, though more uncertain,
savings per teleworkgrThis does not occur in practice, indeed upper bound. Given complete elasticity as a function of occu-
for low-intensity telecommuting it is likely that no energy, other pancy a 4 day average telework week would save 80% of office
than perhaps computer electricity use, is saved because lightsbuilding energy. We use a slightly lower figure of 70% savings,
heating, etc. are operating regardless of whether a particularassuming that while most telecommuters would have virtual of-
worker is in the office or not. fices, a few will not and there is also need for additional meeting
For Scenario 1, the average telework intensities for the United spaces.
States and Japan are inspired from the SiRRed worker$ and The effects of these telecommuting scenarios on macrolevel
JTA 2000 surveys, respectively. However due to potential bias in energy use are estimated by multiplying the number of workers
responses of these surveys, we adjust downward the teleworkper sectoTables 1 and Rby the per worker figures for transport
frequencies to 1 day/week on average in the United States andand building usegTable 3, adjusted according to scenario data.
Japan. To estimate office building savings, we use the SIPP sur-The results of these calculations appear in Tables 4 and 5. Fig. 1
vey, which shows 81% telecommuting 1-2 days/week and 19% visualizes the effects across the three sectors in the current tele-
3-5 days/week. We assume that no office building energy sav-work Scenarios Iwith and without office space reductipand 2
ings are achieved for 1-2 days/week telecommuting and that ain the United States case. Results from Japan do not differ sig-
flexible/virtual office system is in place for those workers tele- nificantly.
commuting 3-5 days/week. This translates to an average 16% Current annual site energy savings estimates range from 0.01
energy savings per telework€&r9% of workers needing no office  to 0.4% for the United States and 0.03 to 0.4% for Japan. Note
80% of the time on avera@eln lieu of firmly estimating the that in Scenario 1 with 0% office space savings, even 2/3 less
office space savings, we bound the result with 0 and 16% casestransport energy savings—i.@ 4 mcommute—would have en-
Scenario 2 reflects the case where self-employed home work-ergy benefits due to the intensity of transportation energy. In the
ers are included in telecommuting population. This represents an16% case the office building savings are a factor of 3 higher than

upper bound on current energy savings as many such(galch
as a self-employed building contrackshould not be classified as
telework. The frequency of telework is much higher if self-

the residential increase.
Future telework energy savings are 1.2% in the United States
and 1.3% in Japan. As a point of reference, even if 100% of

Table 5. Japan Energy Savings According to Telework Adoption Scenarios

Telework Average Transport Resed. Total

population intensity savings Comm. building increase savings Share of
Scenario (millions) (days/week (1019 MJ) savings(10'° MJ) (1019 MJ) (10t MJ) total energy
1 (with 0% office savings 25 1 0.6 0 0.2 0.9 0.03%
1 (with 16% office savings 25 1 0.6 0.5 0.2 0.4 0.06%
2 (with 60% office savings 4.1 4 3.8 2.9 1.0 5.6 0.36%
3 (with 70% office savings 13.8 4 12.7 11.4 35 20.6 1.3%
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30 make estimations based on plausibility arguments. Residential
energy use in Japan appears to be elastic with respect to occu-
pancy, allowing a reasonably accurate estimate of effects of tele-
commuting. The prevalence of central heating systems in United
States homes makes an accurate estimation much more complex.
However, we want to emphasize again that an accurate estimation
is not our intention here, rather to bound potential energy savings
according to different levels and patterns of adoption. We believe
the analysis should be robust at this level.

We next discuss those factors not considered in the analysis.
With regards to the potential telecommuting population, possible
changes in the structure of labor were not included. Given in-
creasing servicization (including increased importance of
e-commerce and other Internet-related wadsit likely that the
fraction of the labor force doing work suitable for telecommuting
will increase in the future. There are also nonlinear effects on
transport systems that come into play with wider adoption of
telecommuting, such as reducing congestion and idling time.
While there is a large correction factor on the results for Scenario
3, this does not change the order of magnitude of savings. In
Japan, however, the congestion factor becomes much more sig-
information workers teleworked 4 days/week, the net energy sav- nificant (see “Effects on Transport Use”
ings would only be about 2% in both countries. While these levels  \ynile including the above factors would affect the estimation
of telework may take many years to achieve, the results show thatys 5 certain degree, we suspect that these corrections could be
even if achieved, the energy benefits would be minimal. Kitou gma|l compared to the potential of indirect effects. One issue is
and Horvath(2003 focused on air emissions, which tend to be  th4t of what workers do with the time they save via telecommut-
dominated by transportation impacts, but came to the ConCIUS'Oning. If this is primarily additional work, the potential to increase
that S|gn|f|c§1nt emissions savings pould be achieved. Our fOCUSproductivity, and thus stimulate economic growth and associated
on energy yields more m_odest savings. . . consumption-related energy use, is significant. Another possibility

It is n_otab_le that d_esplte radically different energy |_nten5|t|es, is that if energy prices rise, increased telecommuting implies
the rglayvg SIZes of different factors are very close, which leads to higher energy bills for residences, which would encourage greater
the S|m|Iar|ty in results for_ the tWO co_untrle_s. FOT Very frequen_t energy efficiency, an area with huge potential gains, at least in the
telecommuting, the potential savings in office building energy is United States. Also, potential changes in urban design and lif-
similar in magnitude to transport reduction, thus this factor in estyles could have a’m important effect. While telecommuting was
particular deserves increased attention. Note that the energy SaVeonsidered in isolation, in actuality it is embedded in a milieu of

:?fgi |gaS(/:er;zzr||(o ?n;e.ma':l pgst'gvtehgvgnt:g;i\qeri?re ;elsr\]’q"g”;td?;sevolving technologies and lifestyles, such as online shopping and
YIWeex, Nty due x y large. u delivery of goods and services. It could also become part of a
transport energy consumption per worker. However, it should be

. . .__package of internet-delivered modes of communication that allow
noted that in particular cases the energy balance can be negatwe'D N

For office workers who commute via public transport, infrequent beople to travel virtually while fiving a more local lifestyle. On
. e via pu ransport, d the other hand, telecommuting and e-commerce could contribute
telecommuting can lead to a rise in residential energy use larger

than savings in commuting energy to urban spread, increasing travel .distan(.:e gnd _sizg of residences

) (Matthews et al. 2000 Both potentials exist in principle, so the
guestion becomes that of which direction societies will adopt in
practice, a question still very much unresolved.

Energy Savings (10 210 MJ)

[BTransport EIComm. Bldg. BResidential |

Fig. 1. Display of energy effects across sectors in current scenarios
(United Statep

Caveats and Uncertainties

We separate the discussion of caveats into two components: one .

being uncertainties in those factors estimated here and the seconfiscussion and Issues for Future

the potential importance of issues not included in the analysis

(although this distinction is sometimes difficult to makiegard- According to this analysis, do the potential national level savings
ing the former: In the estimation of potential telecommuting due to telecommuting merit greater policy attention? One ap-
population, we relied on categorization of types of work based on proach to answering this question is comparison of the macrolevel
aggregate labor statistics. This is clearly a rough approximation, savings expected from telecommuting with other major changes
the error in which is difficult to characterize. For scenarios of in society or technology. Under extremely optimistic assumptions
current adoption, figures for telecommuting populations and prac- for the long-term future adoption of telecommuting, potential en-
tices were taken from surveys. As Mokhtarian and collaborators ergy savings are only 1-2% of national energy use. In compari-
argue, there is a high degree of uncertainty in these figuresson, increasing the fuel efficiency of the United States vehicle
(Mokhtarian et al. 2004 It is also not clear what fraction of fleet (assuming no rebound effegtsy 20% would save 5.4% of
homebased/self-employed workers ought to be counted as telenational energy use. Alternatively, United States people switching
commuters. We also believe there are substantial error bars for theo Japanese style homes would save around 15% of national en-
estimations of office building energy savings in the United States ergy consumption. While increased telecommuting and fuel effi-
and Japan, and residential building savings in the United States.ciency are not mutually exclusive goals, it appears that the poten-
From above, it is clear that lack of pertinent data compelled us to tial (direch benefits of telecommuting are relatively small given
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the large degree of behavioral and structural change needed tdiamer, R., Kroes, E., and Oostrom, H. (2991). “Teleworking in the
achieve large benefits. Netherlands: An evaluation of changes in travel behaviotmahspor-

On the other hand, in the United States at any rate, the average tation, 184), 365-382.. ) o _
consumer has shown little interest in more fuel-efficient vehicles, Handy. S. L., and Mokhtarian, P. [1995. “Methodological issues in the
even quite the opposite given the recent boom in SUV sales. The estimation of travel, energy, and air quality impacts of telecommut-

. ; . . ' ing.” Transp. Res., Part A: Policy Pract29A(4), 283-302.
recem po_pula_rlty of hy.b”d vehicles is an effect that may be worth Henderson, D. K., and Mokhtarian, P.(1996. “Impacts of center-based
tracking in this domain. Workers have, however, displayed the

! . telecommuting on travel and emissions: Analysis of the Puget Sound
desire to avoid long commutes on congested roads. Thus from @  gemonstration project.Transp. Res. Record, Part, Di(1), 29-45.

public acceptance and thus political will perspective, telework japan Telework AssociatioTA). (2000. White Paper on Telework

appears more attractive in the United States policy context. In 2000 (Terewaaku Hakusho 2000pan Telework Association, Tokyo
Japan, reducing congestion comes to the fore as an important (in Japanese

factor in the telework equation. Also, we believe the more rel- Japan Telework AssociatioTA). (2003. “Actual conditions of tele-
evant policy question may be not whether telework should be  workers in Japan as of FY2002Summary of 2002 Telework Suryey
promoted or not, but rather how should it implemented assuming  Tokyo.
adoption. Recent progress in adoption of broadband Internet ac-Keil, J. (2000. “Home workers and their homestiousing Economics
cess can enable enhanced modes of communication such as vir- (January, 6-11. o
tual interactive offices that enable more workers to telecommute. K't?/b‘érﬁ-;, Eﬁii:)?\rvggl %(f'?r?(?l-;E(;‘g)rgé’zgat;‘l‘?esm'55'0”3 from tele-
O e W or T ocores e sl L i, 5. . renason, D1 and Hoknatan, 159, The
. - ) . ) travel and emissions impacts of telecommuting for the State of Cali-
case, appropriate poI|_C|es and firm stra_teg|es should be deployed ¢ o telecommuting pilot project.Transp. Res., Part C: Emerg.
to assure that the environmental benefits of telework are actually  technol, 40(1), 13-32.
realized. As noted above, conservation of office space is critically Kuenzi, J. J., and Reschovsky, C.(®001), “Home-based workers in the
important and the way in which it affects several scenarios has  United States: 1997.” United States Census Bureau RepPR®.78§
been shown. United States Department of Commerce, Economics and Statistics
We want to reemphasize that this analysis is a rough estimate Administration, Washington, D.Ciwww.census.gov/prod/2002pubs/
of direct factors; indirect effects such as productivity and/or lif- p70-78.pdf, (Feb. 15, 2002
estyle changes could be significant. The estimation of direct ef- Matg(‘)‘tat";’rs’a:d tshe :;gﬂﬂcgzoglz(%eﬁgyng'éagzé;rfrﬁg?-(;ga”y
o e e g e oy My o Pbk Hanegemeriaois. Lsbor Sy . St
. . . Office, Home Affairs, Posts and Communications, Tokyo Japa-
the macrolevel scale of indirect effects of telecommuting is a

- nese.
priority area for future research. Ministry of Public Management2001h. Society and Lifestyles Study,

Statistics Office, Home Affairs, Post and Communications, Toliyo
Japanese

Mokhtarian, P(1998. “A synthetic approach to estimating the impacts of
telecommuting on travel.Urban Stud. 35(2), 215-241.

Collecti f data for the J d by Kenichi Mokhtarian, P., Salomon, I., and Choo, (@004). “Data and measure-
oflection of data for the Japan case€ was done by Kenichi ment issues in transportation, with telecommuting as a case study.”

Umeda, at the time a Master’s course student at the Tokyo Insti-  technical Rep. UCD-ITS-RR-04-2@stitute for Transportation Stud-

tute of Technology. The research was partly supported by the jes, univ. of California-Davis, Davis, Calif.

Japan Foundation—Center for Global Partnership as well as anoak Ridge National LaboratoryORNL). (1995. “1995 NPTS da-

AT&T Foundation Industrial Ecology Faculty Fellowship. The tabook.” Document No#ORNL/TM-2001/2480ak Ridge National

writers thank Patricia Mokhtarian for guidance in choosing data  Laboratory, Oak Ridge, Tenn.

and methods. Pendyala, R., Goulias, K., and Kitamura, ®99J). “Impact of telecom-
muting on spatial and temporal patterns of household travehhs-
portation, 18, 383-409.

Roitz, J., Allenby, B., Atkyns, R., and Nanavati, 2003. “Organizing

Acknowledgments

References around networks, not buildings - 2002/2003 AT&T employee telework
research results AT&T Corporation Telework White Papethttp:/
Arnfalk, P.(1999. “Information technology in pollution prevention: Tele- www.att.com/telework/article_library/survey_results_2002.
conferencing and telework as tools in the reduction of work related html) - - -
travel.” Licentiate dissertation, Lund Univ., Lund, Sweden. Telework America(2001). 2001 Telework America Research Rep., Inter-
Committee for Promoting Energy Efficient of BuildiiG@PEEB. (2001). national Telework Association and CoungITAC), Silver Spring,
Rep. of the Committee for Promoting Energy Efficient of Building Md.
(Biru Enerugii Shiyou GourikaSuishin linkani Houkokughdrhe United States Bureau of Labor StatistiédSBLS). (1997). “Current
Building-Energy Manager’s Association of Japan, Tokjo Japa- population survey.” Census Bureau, Washington, D.C., http://
nese. www.bls.census.gov/cps/cpsmain.htm, accessed September 15, 2004.
Cyber Dialogue(1999. “Telecommuting boosted in 1998 by internet &  United States Bureau of Labor Statisti¢$SBLS). (2002. “Work from
economy.”News ReleaseéDctober 28, Fulcrum Analytics; New York home in 2001.” Press Release, March(\Mashington, D.C., http:/
(http://lwww.cyberdialogue.com/news/releases/1998/10-28-sb- www.bls.gov/news.release/homey.nr0.htpaccessed December 10,
telecommuting.html, accessed July 19, 2001. 2003.
Energy Data and Modeling CentéEDMC). (2001). Handbook of energy United States Bureau of Labor StatistildSBLS). (2003. “Current
and economic statistics (Enerugii Keizai Toukei Your&iergy Data population survey.” Census Bureau, Washington, D.C., http://
and Modeling Center, TokyGn Japanese www.bls.census.gov/cps/cpsmain.htm, accessed September 15, 2004.
FIND/SVP. (1995. “The new home office consumers.” “InterActive  United States Census BureduSCB). (2003. (Washington, D.C., http://
Consumers.” Monthly Primary Res. Rep.2(1), 1-7. Contact: factfinder.census.gov/jsp/saff/SAFFInfo.jsp?_pageld
postmaster@findsvp.com. =tpll_transportationaccessed September 1, 2004.

JOURNAL OF INFRASTRUCTURE SYSTEMS © ASCE / MARCH 2005 / 29



United States Department of Ener@ySDOB). (1994. “Energy, emis- United States Department of TransportatipfDOT). (1993. Transpor-
sions, and social consequences of telecommuting.” Technical Rep.  tation Implications of TelecommutingSDOT, Washington, D.C.
Ong Washington, D.C. United States Energy Information AdministratiddSEIA). (20033. An-

United States Department of EnergySDOB). (1997). “Energy savers: nual Energy Review 200Jable 2.9, USEIA, Washington, D.C.
Energy-efficient air conditioning.” (Washington, D.C., http:/ United States Energy Information AdministratiqySEIA). (2003b.

www.eere.energy.gov/consumerinfo/factsheets/aircond.html, accessed “Residential energy consumption surve2001 Consumption and ex-

ySeptember 19, 2004. penditure data tablesTable CE1-1c, USEIA, Washington, D.C.
United States Energy Information AdministratioftySEIA). (2002. United States Energy Information AdministratiquSEIA). (20039.

“1999 Commercial Buildings Energy Consumption Survey “Residential energy consumption surve001 Consumption and ex-

(CBECS.” Table C-1, USEIA, Washington, D.C. penditure data tablesTable CE1-6.1u, USEIA, Washington, D.C.

30/ JOURNAL OF INFRASTRUCTURE SYSTEMS © ASCE / MARCH 2005



