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SUMMARY Table 1. Energy use sectors, classes of end-users and pripcipal
end-uses of electricity

Measurements, surveys and billing data analysis in a sgfanergy use sectof End-user End-uses
ple of Buenos Aires households were used to estinate Pumping
principal residential end uses of electricity, and corr¢industry Industrial plant | Electrolysis
sponding hourly load shapes. Lights, refrigerators and Lighting
video appliances add up to over 75% of total electricity Other...
use. The (_jemand for lights and video appliances coinciffes Office building, | Lighting
strongly with household and system povyer.c.iemand peridgssmmercial and hospital, hotel, [Ventilation
Pe'ak dem_and may be degreased S|gn|f|cantly ,thrOL%blic buildings | restaurant, shop{ Air conditioning
efficiency improvement for lights and video appliancgs. ping centre, Elevators
Electricity distribution companies may promote sugh school, etc. Other
measures, if tariff structures are adequately designed. ——

Lighting

Refrigeration
INTRODUCTION _ _ Television and

Residential House or video

Reliable, quantitative information on energy consumptipn apartment Space heating
and time dependence of power demand curves for elecfric- Air conditioning
ity end-users can be used to determine current and fufure Clothes washing
requirements for power plants, as well as transmission and Audio equipment
distribution systems. It has also increasingly become gvi- Other...

dent that these requirements can be reduced, and the costs

of providing electricity brought down, through measuref this paper we first summarise our estimates of energy

that reduce demand through improved efficiency of elegonsumption for the principal residential end-uses in Bue-

tricity use and load management at the user level. nos Aires households. There is little seasonal variation in
electricity use. Thusourly variation in demand is most

Energy consumption data by energy-ssetorare gener- relevant for load management purposes. We present the

ally available from national statistical and energy agenciegethodology we used and our first estimates of the hourly

Electric companies usually collect data on energy cofvad curves for the three principal electricity end-uses in

sumption patterns at thend-userlevel. These data are Buenos Aires households.

generally adequate for planning system expansion in the

absence of energy conservation and load management

(ECLM) programs. ENERGY CONSUMPTION PATTERNS

Since ECLM measures are generally applied for specifigesidential electricity end-use components for a sample of
electricity end-uses, the design of appropriate ECLM prgrouseholds in Buenos Aires were quantified using a com-
grams requires additional and more detailed data on thgation of measurement, surveys and billing data analysis.
energy and power consumption patterns at the level of

individualend-uses Measurementsncluded both energy consumption as well
as other electric parameters. Energy-use measurements
consisted of monitoring household energy consumption
using the utility billing meter while a similar meter was
used to record refrigerator electricity consumption. The
No reliable data on the energy consumption and powgfeasurements were conducted during two 15-day periods
demand patterns of electricity end-uses were available fify each household, once during summer and once during
Argentina until the mid-1990s. Our group initiated the firsjvinter, and were used to estimate the annual energy con-
attempts in 1994, and our estimates for the residenti@hmption of the refrigerator.

sector have been progressively refined.

The differences in the ternenergy use sectpend-user
andend-usaare illustrated in Table 1.



For other electrical equipment we measured active pow&tOQURLY LOAD CURVES

current, and power factor, paying special attention to small

loads sometimes referred to as “leaking electricity”: peAs we have mentioned earlier, hourly variations in power

manent and standby power input of transformers, powdemand are more important in Argentina than seasonal

supplies, TVs, VCRs, hi-fis, telephones and answeringariations, both in the household sector, that is the subject

machines, clock radios, PCs, etc. of our study, as well as in other sectors. This is true not
only in Buenos Aires but almost everywhere in the country,

The energy consumption of all equipment except refrijgecause Argentina has an extensive natural gas network

erators was estimated from questionnaire-based surveysaati electricity is used little for space (or water) heating.

hours of usage pattern and measured power input. Bafforeover, the saturation of air conditioners in the residen-

usage pattern and power input are differentiated by type @l sector is relatively low, so far. In the Buenos Aires

use: operating, active and passive standby, where appropfiea, indeed the consumption is somewhat higher in the

ate. Lighting power input was estimated from lamp poweginter, which could be the result of higher energy use for

ratings and estimated losses for fluorescent lamp ballasts|ighting, as well as the use of portable electric-resistance
space heaters.

Total household energy consumption estimated by the

above “bottom-up” procedure was compared to the billingor these reasons, we initiated our analysis of load demand

data from the previous two years. The “bottom-up” esteurves with a study dfourly demand patterns for the three

mates were adjusted, if a large discrepancy was found grincipal end-uses in the residential sector: lighting, refrig-

total energy consumption. Moreover, electricity used fagration, and video appliances.

space heating and cooling —not covered in our estimates—

were determined from seasonal variations in billed eleghe method used was based on:

tricity consumption over the two-year period. a) a questionnaire-based survey of the operating hours

for lights and video appliances;

A breakdown of the energy consumption for the principab) measured power input of video appliances in different

electricity end-uses in Buenos Aires households is shown operating modes;

in Figure 1. Each bar shows the average consumption for@ measured refrigerator energy use; and

specific end-use as a percentage of household total. d) a model for hourly variation of demand for refrigera-

tors.

4 I

One difficulty in our analysis was that the questionnaire
survey of lights and video appliances were conducted by
two different student groups in different sets of households
[2, 3]. In each case, they had billing data on the total en-
ergy consumption of each household, so that the end-use
that was analysed could be compared to the total. However,
the sample sizes were small and the average consumption
of the two groups of houses differed substantially from the
average consumption for Buenos Aires. The “lights”
households had an average consumption of 2485 kWh/year,
while the *“video-appliance” households averaged 2112
kWhl/year, against a utility-wide average residential con-
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Lighting ‘ A sumption of 1835 kWh/year during the survey period
0%  10%  20%  30%  40%  50% (1996-97). To_ partially compensate for these differences,
N the consumption patterns for the surveys were pro-rated to
Percentage of household total electricity use .
\_ W, a total household energy consumption of 1835 kWh/year.
Fig. 1. Contribution of major residential electricity uses in Buenos Aires ) . )
to total household energy consumption [1]. For refrigerators, we considered an average consumption of

) 650 kWhl/year, based on previous measurements. For
It should be pointed out that the number of households jgyrly time variation in electricity demand, we observed,
the sample is small, so that the figures are approximatgym data based on extensive monitoring of refrigerators in
Nevertheless, the principal conclusions are clear: the thrge, ysa [Dutt et al., 1994], that consumption variation
principal end-uses are lights, refrigerators, and visual egyer a day was approximately sinusoidal. The diversified
tertainment devices (TVs, VCRs, etc.) and add up to abogwer input of refrigerators has a minimum at 6 AM and a
78% of total household electricity use. The absolute a’ﬂ%ak demand at 6 PM that is 40% higher than the mini-

relative contribution of theemainingend-uses are likely to mum, This variation corresponds to the following relation-
vary as we expand the sample size but we expect that tg,:

three principal end-uses will continue to represent at least .
75% of the total, and it is to these end-uses that we limi\(t) = A, x (1+ 0.16 sinw t) (1)
our discussion for the remainder of this paper.



We assumed that the remaining electricity uses added upseyed, giving the larger absolute value shown in Table 2.
15% of the total (1835 kW/year), and that this demand hdagether with fixed estimates for refrigerator energy con-
no hourly variation. sumption and for other end-uses, total consumption adds up
to 2097 kWh/year, some 14% larger than the utility average
Figure 2 shows the resulting hourly demand pattern fof 1835 kWh/year.
Buenos Aires households, broken down among the three
main end-uses and “other”. To look for clues to the discrepancy, we compare the per-
centages in Table 2 to the values we had obtained in our
e ™~ earlier studies and shown in Fig. 1. There we had estimated
05 lighting energy consumption to be 32% as compared to
39% in Table 2. (Video appliances were estimated to con-
sume 16% of the total in Fig. 1 and 13% in Table 2; the
absolute value of this difference is small and probably not
significant considering the small sample sizes.)

0.4

0.3

I One reason for a larger consumption estimate in the light-
Lighting ing survey is that it was conducted during July (winter in
0.2 the Southern Hemisphere), and it is likely that respondents
reported the longer operating hours that would correspond
to the season.

Power input [kW]

Video appl.

0.1 7 i
Fr R b e e Refrigeration e .
“““““ e o Another reason for an overestimated annual energy con-

Other sumption is that people would report operating hours for
' lights (and other equipment) when they are normally home.
Since they are not home all days of the year —because of
Hour of the day holidays, out-of-town visits, etc.— the annual consumption
- / would be less than 365 times the reported daily load. Part
Fig. 2. Hourly load curve for major end-uses in Buenos Aires householdaay absences would alter the daily load curve as well as

reduce overall energy consumption.
Since we have chosen to ignore seasonal variation in de-
mand in the current study, the hourly load shape in Fig. 2T#e results presented are the first estimates in Argentina of
intended to represent an annual average. hourly variation in residential demand, disaggregated by
major end-use categories. Improved estimates would re-
The sum of the hourly loads over the 24-hour period, muuire the following steps:

tiplied by 365 yields estimates of annual energy consumpa) use of much larger sample sizes, segmented by socio-
tion for the different end-uses considered. The results are economic group;

0.0

1 3 5 7 9 11 13 15 17 19 21 23

shown in Table 2. b) surveys of all end-uses in the same set of households
to avoid biases in the relative magnitudes of different

Table 2. Annual energy use, estimated from load shapes end-uses; and
End-use Annual use, kWh (%) c) lighting surveys in different seasons to estimate
Lighting 818 (39%) variations over the course of the year.

1 0,
1F\_’$f;|g\1/(ia(;2t:rs 2%%0((13;/3) In a subset of the Igrger sample, the following steps should
Standby, except TV & video 88 (4%) also be u_ndertak_en. P

: 5 d) monitor refrigerator load curves in different seasons;

Other 275 (13%) e) monitor light and video appliance consumption pat-
Total 2097 (100%)

tern using loggers and comparing the results with sur-

N . . vey data.
The most significant result of this exercise is that the total

energy use, 2097 kWhlyear, is significantly higher than the

average for Buenos Aires households (1835 kWh/yeg®OTENTIAL FOR LOAD MANAGEMENT

considered here. The discrepancy is all the more remark-

able since we adjusted the total consumption of each sa@ur measurements confirm that residential lighting and
ple to this overall consumption value in obtaining loagideo appliances strongly coincide with the overall peak
curve estimates. The principal reason is that in the hougead, not only for this sector but for the Argentine power

of the lighting survey, this end-use was so large a part &fstem overall. Fig. 3 shows a typical load curve for the
total energy use that even when the total was scaled dopgentine interconnected grid.

to 1835 kWhlyear, the lighting consumption added up to

818 kWhlyear, the value shown in Table2. Similarly, themprovements in the energy efficiency of residential light-
video appliances consumed a larger fraction of total cofhg and video equipment will have a significant and fa-
sumption in the houses where this equipment was Swurable impact on the load shape, reducing demand dur-



ing the evening peak period. We quantify the impact aspreadsheet, the otherwise cumbersome calculation was

load shape using the following procedure. performed automatically. The lighting energy savings
potential for the surveyed households average 52% for our
e ™ assumptions. Moreover, energy consumption is concen-
12 trated in a few lamps in each household, so that 45% of the
energy savings potential requires replacement of only two
10 L\ lamps per household [6].
“
= 8 Table 3. Replacement of incandescent lamps by CFLs. Tectnical
% characteristics and minimum hours of daily use to make re-
S 6 placement cost effective [2]
> Incand. Lamp power [W] 25 40 60 75 100
Sy Luminous flux [Im] 230| 430] 730 950 1390
E Lamp cost [$] 050 049 055 05 0,0
) CFL lamp power [W] 7 11 15 20 23
Luminous flux [Im] 300| 600| 900 120D 15(0
o+ """+ Lamp cost [$] 21 21 22 23 24
0 2 4 6 8 10 12 14 16 18 20 22 Min. use for cost effective] 3 2 15| 1,5 1
Hour of the da y replacement [hours/day]
N J

Fig. 3. Hourly variation of electricitgenerationin the wholesale market Video appliances
on a typical weekday in Nov. 1998 [5]. o .
Television sets, videocassette recorders and players, and

Lighting cable converter boxes make up this category. This is the
third largest electricity end-use category in Buenos Aires
We consider the replacement of incandescent lamps wfiRuseholds. Their use is concentrated in the afternoon and
compact fluorescent lamps (CFLs) whenever the latter @y€ning hours, with even stronger coincidence with sector
cost effective. We useannualised lifecycle cosas the and system peak demand than lighting. However, few
criterion for determining cost effectiveness. The annualisé@untries give importance to this equipment, which is
lifecycle cost (ALC) of purchasing and operating a lamp idesigned, licensed for manufacture, manufactured and sold

given by: in a globalised marketplace. Energy efficiency improve-
ments would require coordination among the companies
ALC=CxCRF(d,n)+PEXE (2) and nations that define the technologies that reach house-

] ] holds in Argentina and most other countries.
whereC is lamp cost ($)E is the annual energy use

(kWhlyear) andPE is the energy price (S/KWhLRF is 1o estimate energy and power savings in TVs and VCRs
the capital recovery factor that relates an investment, Suﬁ%ich add up to most of the energy use in this appliance
as lamp purchase, to an annual equivalent VallRE  group) we considered that all TVs and VCRs are replaced
depends on lamp lifen( years) and discount ratd, (per by the most efficient models in their category, considering

year) used and is given by: the size of TV screens. For the efficient TVs and VCRs we
n assume a standby power input of 3 W.
CRF= —(clj (1d+)nd) 1 3)
+ - We do not know with precision what the additional costs

would be for improving the energy efficiency of TVs and
Since lamp life is generally rated in hours of operatinyCRs. However, two observations are pertinent:
time, whereas for financial purposes, the appropriate lifed) there appears to be no correlation between appliance
time is the time elapsed, years, which depends on hours  cost and energy consumption and
of lamp use per day. We assume a life of 1000 hours fd¥) the additional appliance cost that may be economi-
incandesent lamps and 8000 h for compact fluorescents. cally justified per wattof reduction in power input is
(The latter figure is lower than the manufacturer-rated relatively large, for standby and “On” operation of
value of 10000 hours, to account for the shorter operating both TVs and VCRs.
cycles in our case.) We consider PE = 0.10 $/kWh and a
real discount rate of 0.09 per year. Other assumptions &rer these reasons, we believe that the additional investment
summarised in Table 3, which also lists minimum lamp ude going from the average model in use to the most effi-

for which replacing an incandescent with a CFL would beient is highly cost effective. Indeed, by limiting ourselves
cost effective. to the most efficient models of our survey, our estimates of

potential savings are conservative: we do not consider more
From the lighting survey we can calculate the hours-pegfficient models that are available. The technical and eco-
day of use forachincandescent lamp in our sample, andomic potential for savings is much higher, if we consider
determine whether it is cost effective to replace that lampew technologies [7].
Since the survey data were available on an electronic



Refrigerators appliances, instead of average models, against a backdrop
of increased demand for lights and appliances, as a conse-
Refrigerators have little variation in power input, mostlyquence of an increase in the number of households, more
reflecting variations in kitchen temperature and dodamps per household, and an increased saturation of appli-
openings. The kitchen is hotter and there are more daamces. Nevertheless the “overnight” substitution is a simple
openings during the early evening hours, which coincidegay of visualising the potential for load management and is
with system peak loads. (Also consumption is higher ishown in Figure 4.
summer.) One way for altering fridge operation for load
management consists of storing cold within the appliance~ ™~
to greatly reduce power input during peak demand period 05
Fridge power demand would thus be shifted to off-pea
periods. 0.4

Our estimate

—o— Efficient lights and video appliances

While this idea was proposed at least 20 years ago [8] 1
residential refrigerator with significant load shifting capa-
bilities is known to exist on the market. There are severg
practical difficulties. Most appliances in this category have
compartments at two or more different temperature. S
cold must be stored at different temperatures, or else ter
peratures of the different compartments cannot be mait
tained stable. In principle, for (deep) freezers, cold could b

stored at a temperature lower than the thermostat setpo
without affecting food quality. Even in this case, however 0.0

effective cold storage would require that part of the interio 1t 8 5 7 9 11 13 15 17 19 21 23

<
w

<
o

Power input [kW]

0.1

volume be used for this purpose, an inconvenience the._ Hour of the da y /
may discourage potential users. Figure 4. Our estimate of total household demand compared with a sce-

nario where lights and video appliances are efficient. The difference
Parts of Brazil suffers from a sharp early evening systeffiows the potential for load management.
peak, when the end of the office building load coincides
with the start of the residential and street lighting demanBecause of the significant contribution of lights and video
At least one electric utility —CEB, serving Brasilia— hasappliances to peak demand, the potential for reduction in
tried to shut down fridges for an hour to reduce the shotbad management from these energy efficiency measures is
term peak. Besides many difficulties in implementing thiarge: maximum demand would fall from 0.49 kW to 0.31
program, they recorded little reduction in peak demand [9kW per household. As mentioned above, we suspect that
our surveys overestimated lighting energy use. Thus, the
In Argentina, the evening peak is much more extended, aotual potential for peak demand reduction is likely to be
that effective management cannot be limited to shutting c§bmewhat less than that suggested by Fig. 4.
fridge power input for a short time. Rather, enough cold
must be stored to move the peak power input from 6 PM to
past 11 PM, resisting many door openings in the intervdPROMOTING ENERGY CONSERVATION AND
This appears to be a tall order... While it might be easier tDAD MANAGEMENT
store cold in freezers, the number of hours of load shifting
required, and the low saturation of freezers in Argentindanufacturers of efficient equipment and other market
suggests that this option is unlikely to be pursued. players promote some ECLM but this leaves a significant
potential untapped. What part of the potential for energy
Thus, we believe that the practical potential for demarshvings and load management that can actually be obtained
shifting through storage of cold in refrigerators and freezedepends on the nature and effectiveness of energy conser-

in Argentina to be insignificant. vation and load management (ECLM) programs. Such
programs may be determined by government policy and
Peak demand reduction action, as well as the activities of electricity companies.

The participation of the latter in promoting ECLM is gen-
We consider a hypothetical substitution of all eligible inerally referred to as Demand-Side Management (DSM).
candescent lamps with equivalent compact fluorescent ones
(whenever cost effective), and of all TVs and VCRs witln a deregulated market such as Argentina, generating
the most efficient models in their class. This substitutiooompanies compete with one another to provide electricity
represents an “instantaneous” or “overnight” potential failo a wholesale market. Transmission companies get paid
load management through energy efficiency improvemenfer wheeling power from generators to purchasers. Distri-
A more reasonable estimate of the potential for enerdpution companies, large users, and power marketers pur-
savings and load management would involve a graduahase electricity from the wholesale market for their own
replacement of lamps, and the purchase of efficient videse or for resale.



In a previous paper we identified the distribution compaFhus, we believe that there is a significant potential for

nies (Disco) as best suited to provide DSM services to theinergy efficiency improvement and load management in
residential customers [10]. They may do so in their owtne residential sector that can be promoted through the
financial interest. An increasing electricity demand inparticipation of distribution companies, provided the regu-

creases their revenue but may also require them to investdtory structure gives them a financial stake in the process.

increasing distribution system capacity. Their benefit cost

ratio (BCR) for different types of demand increase is given

by the following equation [10]: REFERENCES
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In the case of video appliances and refrigerators, When'leo]
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Hourly demand curves for residential end-uses in Argentina
and potential for load management

Gautam S. Dutt , Carlos G. Tanides

The three principal end-uses of electricity in Argentine households, adding up to about 75% of energy
use, are (a) lights, (b) refrigerators and freezers, and (c) TV sets and associated equipment (video and
cable). The hourly demand pattern of these end-uses was determined from surveys and measurement:
in a sample of households. The diversified peak power of lights and TV sets amounts to 0.4 and 0.8 of
installed demand for these end-uses, respectively.

The replacement of incandescent lamps with compact fluorescent lamps and the gradual incorporation
of more efficient TV sets offer significant potential for reducing demand during peak periods. We
guantify the potential for load management for these options Another possibility, though requiring
technology development, would be to increase the thermal inertia of refrigerators and freezers so that
they may be turned off during peak periods. We also make some preliminary estimates for peak load
reduction for this alternative.

Electricity purchase price of the distribution company is different for peak, valley and shoulder peri-
ods (currently 22.30, 13.60 and 21.30 US$/MWh respectively). Moreover, the company needs to in-
vest in equipment to meet maximyrawerdemand, while their revenues to residential customers
depend exclusively oanergysales independent of time of use. Hence, distribution companies stand
to gain financially by reducing peak demand (efficient lights and TV sets) or by shifting demand to
off-peak periods (refrigerators and freezers).

One electricity distribution company of Buenos Aires is currently developing a program to finance
compact fluorescent lamps (CFLS) to their residential customers, with repayment of the lamp cost
over time through the electric bill. Other mechanisms by which electricity distribution companies may
promote load management alternatives for other residential end-uses within the context of the Argen-
tine electricity market are also discussed.



