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SOLAR ENERGY USE IN OCCUPIED SINGLE-FAMILY HOUSES IN GERMANY

LANDSTUHL - A PILOT PROJECT FOR THE IMPLEMENTATION
OF ENERGY-SAVING CONSTRUCTION METHODS

H. ERHORN, J. REISS, D. OSWALD
Fraunhofer-Institut fiir Bauphysik
(Bereich Warme/Klima)

Director: o.Prof.Dr.-Ing.habil. K.A. Gertis
D-7000 Stuttgart, West Germany

Objectives

About 15% of the primary energy consumed in the Tederal Republic
of Germany account for heating private households. In this respect,
there are still many possibilities to cut down on energy consumption,
in both renovating old buildings and in raising new ones. In the long
run, the heating energy demand for dwellings in the Fed. Rep. of
Germany could be reduced to less than a third of today's consumption
by consequently applying all of the advanced building concepts and

technologies presently available (1) which hitherto have been applied
only with hesitation, however.

Of impeding influence are mainly the lack of know-how concerning
the various possibilities of implementing low-enerqy building concepts
as well as reservations against risks concerning functionality and eco-
nony of new techniques and last, but not least, the lack of demonstra-
tion buildings. It was for these reasons that the Federal Ministry for
Research and Technology (BMFT) decided to give a concrete demonstration
of the practical implementation by funding the present pilot project.

The pitot project is aimed at

® implementing promising solutions for single-family dwellings
with 1ow energy consumption

® proving functionality, efficiency and economy of the new technologies
and building concepts

® pointing out technical problems within the new systems and contribut-
ing to their elimination

® establishing the economical, legal, and social framework for the
large-scale application of energy-saving methods of construction.
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State of the Project

Measurements have been carried out as early as the heating season
of 1984/85 when the first houses were completed. In the meantime, all
the houses involved in the project have been completed and occupied.
Hence, measurements performed in the heating period of 1985/86 supplied
the first comparable results. Rased on the energy consumptions thus
determined and a detailed occupants' profile it could be pointed out
in which way further reductions in heating energy consumption are to
be attained by either technically improving the buildings or heating
installations or by changing the occupants' behaviour.

Results of the Measurement and Investigation Programme

Heating Period of 1985/86

Since the individual project buildings differ in size and loca-
tion, it was necessary to normalize the measured data, i.e. to render
them independent of parameters in order to be able to compare the re-
spective heating energy consumption rates. The comparable specific
heating energy consumption is determined by way of the measured heating
energy consumption related to the room floor area and to the measured
degree day number of the building. In Fig. 1 the specific heating
energy consumption rates of the mode) houses are opposed to those of
the reference buildings. For comparison, the specific heating energy
demand of a medium-sized single family house acc. to (2) is presented,
meeting the thermal insulation requirements as specified in the current
regulations on thermal insulation (WSVQ).

As may be seen in Fig. 1, the mean specific heating energy con-
sumption is about the same for both the investigated model houses and
the reference buildings. In case of the model houses, a greater range
of heating energy consumption was measured which is definitely a con-
sequence of occupants' behaviour. Energy-conscious "living with the
house" will further reduce the heating energy consumption, whereas
lacking energy-consciousness will result in a distinctly higher con-
sumption {e.g. by cross-heating a solar greenhouse in the cold season
with warm air from the living room). As compared to the heating energy
consumption of buildings made of elements meeting the requirements as
specified in the statutory requlations on energy-saving thermal insula-
tion, almost all of the model houses and all the reference buitdings
consumed less heating energy within the period of measurements.

This proves the investigated objects' high quality of insulation.

The highest consumption of heating energy was found in a model house
with a design mainly featuring energy storage instead of thermal insu-
lation, a house that had been included in the study precisely for this
reason. The house with the second highest heating energy consumption
had a facade with adventitious openings due to constructional defects
and problems in the execution of the work which resulted in substantial
ventilation heat losses.
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Since, due to the climatic conditions in West Germany, the con-
tribution of solar energy to space heating has to remain only a very
limited one, buildings must haye an excellent thermal insulation in
order to prevent significant heat losses. In order to control ventila-
tion heat losses, ventilation openings for the necessary air change
should only be placed in defined, controllable positions (e.g. window
joints, ventilation grids) in the building envelope.

Rased on an energy price of 0.10 DM/kWh and on average German
climate conditions (degree day number = 3500 kd), heating costs amount
to a monthly average of about only 0.75 DM/m? for huildings with the
same thermal insulation standard as the model houses. For the most
aconomical buildings, values helow 0.50 DM/(m? *month) were determined.
1n such buildings, heating costs are <till affordable, even with sig-
nificantly rising energy prices.

In addition to measuring the rates of consumption, the huildings'
performance under summer temperatures has also been a subject of in-
vestigation. In Fig. 2, the mean valurs out of the ten highest air
temperatures recorded in sputh-orientated living-rooms of model houses
and reference buildings in the summer of 1986 are presented. Evidently,
temperatures in some of the model houses considerably exceeded tempera-
tures in the conventional buildings. In some cases, occupants responded
to this situation by mounting additional shading devices. In general,
the increased temperatures did not provoke complaints and could mostly
be compensated for by cross-ventilating or opening roams onto the
greenhouses.

Prospects

The present pilot project will be terminated by mid 19487.
By then, data on two heating periods and one summer period will be
available. The accompanying studies on users’ behaviour are to find
out whether model houses influence their occupants’ lifestyles, i.e.
whether there is a different way of living in solar houses as compared
to conventional buildings. In view of the present results it is to be
expected that the rates of heating energy consumption in the consider-
ed buildings will be significantly lower than in buildings meeting only
the minimum requirements as stipulated in the statutory requiations on
energy-saving thermal insulation. It has heen confirmed that efficient
use of solar enerqy depends on high-quality thermal insulation.
Accordingly, 2 high standard of thermal insulation allows greater free-
dom in energy-conscious architectural design, e.g. by integrating large
glazings, as well as rational utilization of energy by minimizing the
rate of energy consumption.

(1)

(2)

385

References

Gertis K., Erhorn H., Verbesserte Warmeschutz- und

Heizungstechnik i 5 .
(forthguming) en entlasten die Umwelt in den Ballungsgebieten

Erhorn H. Stricker R Warmeda i
A ) - edammung und passive Solar-
energienutzung, Deutsche Bauzeitung 34 (1986), No. 2, pp ;20-236




Specific heating energy consumplion (kWh/m' Kd}

006

-
—
=]

Note:

Maximum Wwing room temperature{°C]

Fig. 2.

386

Winter 1985/86
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Specific heating energy consumption rates of the reference

buildings and model houses recorded during the heating
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energy consumption of 2 conventional medium-sized single
family house complying with the thermal insulation re-
quirements as specified in the current regulations on

thermal insulation (WSV0) acc. to (2).
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LARGE-SCALE FIELD MEASUREMENTS OF ELECTRICAL ENERGY CONSUMPTION

S.G. HAUSER, R.S. CROWDER
Pacific Northwest Laboratory
Richland, Washington 99352, USA

Introduction

For those researchers, engineers, and architects who have tried Lo
understand the energy consumption patterns in buildings, the need for
empirical data is obvious. In the residential sector, some data exits mostly
for experimental type houses, but very 1ittle for occupied homes. Fven
less data exists in the commercial sector. Models have been used with
mixed success and with limitations. This paper describes a program designed
specifically for large-scale metering of bulldings. It represents the
largest metering effort of its type in the world. We will first discuss
the objectives and goals that were established for the program, followed
by a discussion of the data logaing technology used. Finally, we will
discuss the methods used for data reduction and analysis, and conclude
with some "lessons learned" from our experience.

Objectives

In 1983, a program was established at the Pacific Northwest Laboratories
(PNL) to collect end-use informatfon on electrical energy consumption for
residences and commercial buildings. The program known as the End-use
Load and Conservation Assessment Program (ELCAP) 15 sponsored by the
Bonneville Power Administration (8PA) to inform their decision making
processes. BPA fs a regional federal agency which fs responsible for
generating and marketing electricity to public and private utilities. The
objectives of this program are two fold. First, it provides information
which can be used to determine patterns of energy consumption for various
types of users. These patterns provide an empirical basis for forecasting
future energy demands more accurately. The second objective is to evaluate
and assess the effectiveness of particular conservalion programs or
technologies. By measuring energy consumption at the end-use level, both
of these objectives are met.

Goals

ELCAP has several goals to meet the objectives described above. Three
of the primary goals are:

« to develop a metering technology
« to develop data management techniques
« to develop analysts software

when the program was initfated, the existing technology for submetering
electricity was both too expensive and unreliable to consider a x100 building
metering experiment. To be successful, the metering technology had to be

inexpensive enough to meter on the order of 1000 sites, to meter multiple
end-uses individually, to record hourly as well as lower time resolutions,
and to meter

to have the same accuracy as standard utility meters,
meteorological conditions.
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Metering up to 1000 sites on an hourly basis for several years produces
very large data volumes. We set as our goal to maintain a greater than 90%
data capture and accuracy rate while minimizing manpower needs.

To make the data useful to utility analysts we set as our goal to support
a large number of users with wide and easy access to the data at any time.
Wwith such a large amount of data this required new and innovative techniques
for both managing the data and analyzing it.

pata Collection

The current data colleclion network consists of over 700 data loggers
installed fin buildings qcogranh{cally dispersed in Washington, Oregon,
Idaho, and Montana. 1hree separalte versions of the data logger were designed
to allow for the diversity of buildings. A 16 channel version(1) fs
installed in 450 residences measuring space heating, water heating,
refrigeration, laundry, 1ights, and sometimes other uses. for many of the
sites the logger also records meteorological conditions, Indoor temperature,
and wood stove use.

The commercial bufldings are much more diverse requiring from 30 to over
200 separate channels recording up to 22 different end-uses. The commerclal
data logger can accept up to seven g-channel boards which can be combined
for a total of 56 available channels per unit. A line drawing of the
commercial data logger is shown in Figure 1. The largest commercial building
we have metered is about 90,000 sq m (1,000,000 sq ft) and requires eight
separate data loggers.

The third version of the data logger has 15 channels with many improved
features like increased memory and the ability to daisy chain the loggers
together to minimize data collection costs. These units are currently
being used in apartment houses where one unit is installed in each apartment
with a central unit used as the main communication device.

The data logger technology is based on the use of a Motorola single-chip
microprocessor with additional battery-backed memory for data storage. A
standard serial interface allows the unit to connect to a modem for
telecommunications and on-site checkout. special signal conditioning
circuits allow direct connection of commercially available meteorological
sensors with the data logger. The watt-metering consists of voltage and
current sampling transformers whose signals are multiplied in real time to
yield a voltage directly propnrtional to the power being consumed.  The
data logger stores a average value of watts for the integration period,
usually one hour.

A central computer located at PNL is set up to automatically contact
each of the data loggers when their memory is about 50% full. standard voice
grade phone lines transmit the control signals to each data logger which
identify it, check the clock, and set the integration period. Once the dalta
is collected from the data logger, it is converted into engineering units
and stored in the central on-line archive.
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Figure 1. Layout of Digital Field Data Acquisition System

lo assist in the analysis of the engineering data each site is usually
inspected and pertinent values recorded. For example, we obtain informat ion
on floor area, insulation levels, window type amtl area, rool Lype, space
heating type, etc. Dozens of other values are ohtained and stnred'in the
central computer. Occupanlts are also surveyed to determine dcmngrmﬂnQ
t;lg;s such as income, education, and attitudes toward energy rnnsnrvalinﬁ
3).

pata Reduction

As each site is installed, carefu) documentation is made of each channel
measured, its rated size, and the type of load it represents. This
documentation is digitized and stored in the central computer for use in
converting the digitized data into engineering units. The instrument
installation and data conversions are so complex that mistakes are common.
To Fombat these problems, the total power to the building is metered, in
addition to all power being consumed by individual end-uses(4). Comparisions
of these redundant measurements provide a powerful tool for verifiying the
correctness of the data before it is released Lo analysts. Artifical
intelligence techniques have been applied to the time consuming task of
verifying the data and have resulted in a savings of 40% over the original
manual method of inspecting the data(5).
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The challenge does not end after the quality of the data is assured.
Simply managing a data base of this size, currently 150 million data points
and growing by 3.2 million data points per week, is a monumental task. No
single commercial package provided all the features required to solve our
problem. Our data management system is a combination of custom software
and a commercial relational data base package. To save disk space, the
engineering data fs stored using a special compressed format which uses
1/6 to disk space required by standard ASCII format. The characteristics
and demographic data are stored in a relational data base which allows
greater flexibility when selecting relevant portions of the data.

Data Analysis

Although the purpose of this paper 1s not to present, in any exhaustive
sense, the many types of analysis that 1s being done with the collected data,
it is important to show what typical results of this type of data collection
program can be(6,7). The analyses can be split into two general types. The
first is the routine analysis which is meant to provide general fnsights
into the energy consumption of a building or group of buildings. Figures
2 through 4 give examples of this type of analysis for a single commercial
building for the month of June 1986. The data represents a 600 sq m (6,500
sq ft) offfce building in a mild climate. Figure 2 shows the percentage
of energy consumption for each of the seven separate end-uses. The mixed
HVAC accounts for hoth the primary cooling and the fans. The heating end-
use accounts for the primary resistance heat only. The specialty end-use
accounts for a main frame computer in this building. Cooling for the
computer room is included in the mixed HVAC.

Figure 3 shows the energy consumption for each day of the month. One
can find the weekend/non-working days by looking at the changes in interior
lighting consumption.

Figure 4 shows the average daily profile for this building by averaging
all 30 records/days for each hour of the day. One can see the morning
heating peak followed by a large afternoon cooling peak. The lighting
profile follows working hours closely and the computer profile {s flat as
one would expect.

These types of plots can also be shown for residential buildings,
however, of more interest in the residential sector are the combined profiles
of a large number of buildings. Table 1, as an example, shows the mean
share of energy consumption for an entire year for 112 residences. Other
refers to lights, refrigeration, cooking, etc.

The second type of analysis is more exploratory in nature. Certain
techniques are used Lo address a particular problem or issue(B,9). For
example, 1f one 1s interested in determining the dependence of energy
consumplion of a particular residence on outdoor temperalure, onc can do a
ccatter plot of all the hourly values vs. delta T between Lhe indoor and
outdoor air dry bulb temperature. Figure 5 shows an example of this type
of plot for a particular site. Other techniques we have been using involve
principal component analysis, robust regressions, and pattern matching.
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As a result of the three plus years since this program was started, and
the hundreds of megabytes of data that 1s a testimony Lo il's success, we
__________—___—-_dﬂ__—w will briefly discuss some of the lessons we have learned atong the way.
Hot First, and 1ikely the most important, is to plan very carefully before
:‘!":fz :‘J:Ii\a; r?':ﬂ; you begin. Although this sounds simple it has tremendous payoff in both time
] e L and money. The objectives and goals you have for the data collection effort
Mean 7,781 should be driven by the type of amalyses you plan to perform. The more
Load 8,363 | 4754 g specific your analysés goals are the more iikely you can control both the
KWH ! 4— schedule and the costs of the data collection effort.
Mean
Share 37.2 24.4 2 Second is to develop standard procedures for all parts of the project.
(%)
Ny 1 The larger the project, the more important this becomes. You must still
Vorionce 18.8 10.8 15.2 have the flexibility to deal with anomalies since each building is different
ofSharel |  }— but as the exception and not the rule.
Srore | 37 s | 37 L . .
Third is to not underestimate the data management requirements. The
(%) N

Jack of appropriate computer hardware and software will more likely Timit
the success of the project than the data logging equipment or anything else
associated with the installation.

Table 1. Residential Data for 112 Buildings Fourth fs to focus on the reliability of the equipment and the quality
of the data collected. One of our colleagues has said that it is easier to
recover from a bad analysis than it is from bad data. Automated procedures
for data quality checking are a must.
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Last is to make sure that the data can be easily accessed by the analysts

who will most use it. This may be the hardest one to achieve because of the
diversity of issues that data of this nature can address. Many different
analysts will become involved, each with their own preferred software and
interface requirements.
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EMPIRICAL CHARACTERIZATION OF RESIDENTIAL ENERGY USE

G. M. Stokes and E. W. Pearson
Pacific Northwest Laboratory
Richland, Washington 99352, USA

Statement of the Problem

Until recently, the major data sets available for studying residential
energy consumption at the household level were utility bitling data.
Although these data cover very large samples, the time resolution is on
the order of a month, and no end-use disaggregation is available. Over
the past few years, however, a number of studies involving collection of
higher-time resolution data with extensive end-use disaggregation have
been carried out. The availability of such data makes possible much more
detailed understanding of vesidential energy consumption. However,
analytical techniques designed for application to minimally disaggregated
data sets collected for very large samples are not likely to be well
suited to the end-use data.

In this paper we describe a general approach to analysis of high-time
resolution end-use data, and i)lustrate that approach with examples drawn
from a thermal performance characterization project. This approach has
three features that distinguish it from traditional work in the building
energy field:

« It is model-free. Basic empirical characterizations of the data are
highly flexible and- are not based on fitting parameters to simple
models-. .

« It is sequential, with initial simple characterizations derived from
highly aggregated data, and subsequent refinements based on detailed
analyses of disaggregated data.

- It emphasizes the use of classification techniques as opposed to
aggregation techniques in interpreting the data.

This paper exhibits this general approach by summarizing a series of
investigations into residential thermal performance during which a number
of specific analysis techniques, as well as the approach itself, were
developed.
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The Basis of Lhe Analysis

Thermal Performance Analysis

i i igati i jal thermal performance,
king our investigation of residentia

we h:; 2222:;1 g;%ls. Using an end-use dlspggregated data ?f% io!lected
at hourly resolution (described in more detail below), we wished to:

« characterize the individual thermal performance of several hundred
disparate residences

f these residences
. the thermal performance of groups © e -
E?ZQ?EZUished on the basis of construction techniques and, in
particular, on the basis of installed conservation measures

« determine the impact on space heatin% :ﬁquiﬁrmﬁ;fscf;msa:er:;e{ﬁgéog?
i oc i
that affect thermal performance, inclu ing R
i i trol strategy, residen
heating equipment, temperature con ! t
:::gma\ int;%rigg, internal loads, and patterns in occupant behavior.

Even partial completion of this set of tasks would be valuable for both
forecasting and conservation planning.

The Data Set

JLALLS - AL

i i i the End-use Load and
The data used in this analysis comes from A
Conserﬁaticn Assessment Program {ELCSP) aronifgfd ggp;r:;:::ni;‘]éieig;?;
i ictration (BPA) and managed Dy the F.5. 1 n
Qgﬁ;?;i Eiikhwe;t leoralcry (operated by'Bg:;e‘ESareTﬁ;;f‘cL;;;;luhg{;
ic a collection of metering Pprojects tue G dat
EEE?:ct;:n and data acquisition protocols. 1hef1n§tv\gza1iﬁr0%:i;s :;;t;;
i i SSU
ELCAP are designed to resolve a series of 1 ] . enerdy
i d program evaluation E
conservation resource assessmept an luat o o
i i i 1y sectors. Descriptions of ¥
residential, commercial, and mu1t1faT1 y t o g
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temperature, wind speed and direction, indoor relative humidity, and total
horizontal insolation. While the data collection interval is adjustablie,
the bulk of the data is being collected at hourly resolution.

The Thermal Performance Analysis

In Vine with the general approach described above, the thermal
performance analysis has proceeded in several steps, as follows:

« development of a model-free characterization of thermal performance

for each residence, designed to be as closely related as possible to
the thermal integrity of the structure

« aggregation of this characterization across groups of structures to
permit performance comparisons beiween groups of residences

« refinement of the characterizations of individual structures based on
day-type classifications derived from the hourly data

o application of these results to important forecasting or conservation
planning issues such as the impact of wood heat use or control
strategy (e.g. setback behavior) on residential energy consumption.

Each of these steps is discussed below.

Model Free Characterization of Therma) Performance

Our most useful characterization of individual residences is an
estimated annual space heating energy consumption under certain standard
conditions. This estimate is derived from a scatterplot of daily space
heating load against daily average inside-outside temperature difference.
After eliminating from the scatterplot points representing days on which
wood heat was used, or on which the occupants were not present, a robust,
nonparametric curve is fit to the scatterplot using the "lowess" procedure
(11-13) (see Figure 1). This curve provides a relationship between
spaceheating loads and inside-outside temperalure difference. Given an
assumed inside temperature (single value or time series of daily average
values), convolution of this curve with a standard set of climate data
provides an estimated annual energy consumption. The estimate so derived
is partially standardized, in that differences in external temperature,
mean interior temperalure, vacancy patlterns, and frequency of use of
auxiliary heating sources have been removed. Internal heal gains, solar
effects, and many details of control strategy and occupant behavior do
affect these estimates. However, they do appear to represent a much more
readily comparable characterization of structures than is obtainable by
the usual practice of fitting a linear mode] to total load data. Details
of this procedure, along with a discussion of its strengths and
limitations, are available elsewhere (11).

Figure 2 shows Lhe use of Lhis measure for comparison of lwo groups of
residences constructed under a demonstration program for a strong
construction conservation standard upder consideration for implementation
in the Pacific Northwest region of the United States and a third group of
existing residences. This and related results have been used both to test
the predictions of the engineering models used to design the standards,
and to serve as the basis for investigation of the role that various
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factors taken in determining actual energy consumption. 1t should be
noted, incidentally, that for a substantial fraction of the sites studied,
§E 0 86— " \4easured Da1a standard linear models provide neither an accurate gharacterization of the
32 ) Lowess Curve > data nor a useful predictive t_ool. This is parhcu!ar]y true for very
22 —— Rob R e gl}"f' well insulated homes or homes with large thermal capacitance.
Ne _— Robus .
€3 043 .:ﬁ.'/:z " Characterizing Occupant Behavior
2 E _.u,‘#u . As indicated above, an analysis of the daily data yields a description
3% O s = 20 30 40 of a residence that can be used to infer an annualized heating energy
4T 0 10 Difterence, °C consumption for each residence. The interesting point about this approach
Indoor /Qutdoor Temperature ‘ . . is that the inferred energy consumption reflects the performance of the
. ; lysis of thermal performance © residence as it is operated by the occupants. To gain further insight
Fig. 1. A typical data set for U{\e an:he 158%/86 heating season.
residence. The data is trom

into the role of occupancy patterns in determining thermal performance, we
have focussed on the analysis of the hourly data record. The current
discussion will emphasize the effects of thermostat setback behavior and
wood stove use, but the concepts are generalizable to other aspects of
occupant behavior, such as internal gains or vacancy.

. The approach is to use the hourly data to classify individual days
) 4 Annual Heating Esnma‘ed_Annual Heat;_ng based on inferred occupant behavi_or. The effect of these different
i g 'nkWh/m’-r Consumption, kWh/m®-yr occupant behaviors on space-heating energy consumption can then be
FenSERpHan: (Ul " o & & B % described. 1In performing this analysis, one modification of the above
o D @ g 3 8 8 o o o 0 approach is required. As previously noted, the use of the cross-envelope
e o 9 z2 '—T—'——'——r—qg 3 temperature differential as the predictor of energy consumption
rr_'—“r—l_gg Existing e e 127 incorporates important elements of the occupant behavior in the resulting
Existing »——D]— — . B ® n=38" o inferences. For the current analysis we will be examining the effect of
n=89 o 83 occupant behavior on the relationship between space-heating energy
S 3 Proposed Std 8w consumption and outside air temperature. While a somewhat less precise
Proposed Std ¥ 3 - n=24 o predictor of space-heating energy consumption, the exterior temperature is
n=28 9 2.3 a measure that is independent of occupant behavior.
Current 3 Current :‘/ w
Construction % . n cOnsgrL;ccllli‘zfe! 5 There are two results which. follow f'rom_ the. above analytic approach.
Practice o n=15\’/———/§ The classification of days gives an indication of the frequency of
n=12 3 particular occupant behaviors, while the intercomparison of days allows
Fig. 2. Annualized heating consumption for e”?ﬁl??o:"'?iiad';?ﬂfsand homes ! ggssut':pteiitnl.mate the magnitude of the effects of the behavior on energy
. conslructet(ii :g : 222:\;213 z:;g{tg’i‘iiic of current construction
Cfgit?éiesn the Pacific Horthwest The classification of days according lo thermostal set-back behavior
P was based on an analysis of the inlerior lemperature data vsing a lrec-
matching approach (14{. The results are shown in Figure 3.
‘. The analysis of the use of wood sloves by the residences was based on
an examination of the hourly record from the wood stove sensor (15). The
- results of this analysis is shown in Figure 4.
» =]
oile n Thus, use of the fully disaggregated data set permits refinement of
bt B the standardized estimates of annual space heating energy consumption,
5 18 8 estimation of the impact that various occupant behaviors have on that
] 4 € annual consumption, and understanding of the variability in day-to-day
g ll!l I E energy consumplion. Thus important questions such as estimalion of
Z o potential changes in energy requirements associated with fuel swilching,
o 20 40 60 80 100 Percent of Available Days or the effect on both total load and hourly load profiles of setbacks or
Percent of Available Days

59 residences other control strategies can be investigated.
k behavior for residen

Fig. 3. The frequency of thermostat sethac v (a) weekdays, and (b)

inferred from interior temperature dat
weekends
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Discussion of the Results

The investigations from which the results presented here have been
excerpted illustrate the power of a systematic approach in which
aggregated data are used to derive model-free characterizations, useful
for summaries and for comparisons across groups of residences. lore
detailed analyses, based on the fully resolved data, can then be employed

to elucidate important details regarding the role of various factors in
determining energy consumption.

Further, use of patterns in the hourly data to classify days appears

to be a simple and powerful method of distinguishing these

various
factors.

Currently, the concept of a day type is primarily applicd to
situations in which one wishes to distinguish between week days and
weekends. In a sense this simple classification scheme is just a
surrogate for analysts feeling that week days and weekend days are
behaviorally different. By using hourly and higher time resolution data
the concept of day types can be extended in many interesting ways. fFor
example the identification of "wood stove use" days, "thermostat setback”
days, "nobody home" days, "laundry" days, and others offers unique insight

into both the frequency of and overall effect of those specific behaviers
that modify residential energy consumption.
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