
)l t.,, ¡ i
5' trerqy savj¡rg Pobential

If \de suFpose that the m a¡ values of energy consurption can becote

maxi¡rn¡n values tlrrougn ä t"tit'= enerqy rn¿ìnagenent progEam' we can

;"p""t large energY savings'

rn Franc€ (4) , erìergy consurption T hTll care tnrildirgs was

å=.råîä i'r', iösr t= ïo t of tire tertiarl¡ sector'

rt was reported i¡ 1e83 bv Grunnan '*-T:l<l¡ï"til.ä íed-t::;"gtî"tn
after a 6 year's energty managsrent proqram 1r

rnq. L. mffÀffif (6) after a 5 year's aqsrFnt Program' rn a

S18 becls trospital reduces tle gas co ø¡ aZ I and t}re

áiä.t.i.itv ànsr-rrPtion bY 2l t'

These t¡ere exaÍples arong a lot of .otlrers 
shcning trovr large can be t}lis

energy - and noney - "at'ing 
potential'

considering the Belgiar situation-'- 7 25 \:nerqy savi¡rq can rePresent

one rrr)r:e nurse for loö'rJ=-itc l9a4 enerqy prices) '
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SOLAR ENERGY USE IN OCCUPIED SINGLT.FAMILY IIOUSES IN GERMANY

LANDSTUHL - A PILOT PRûJECT FOR THE IHPLEMENTATION
OF ENERGY.SAVING CONSIRUCTION HETIIOOS

H. ERHORN, J. REISS, D. OSl,lALD

Fraunhofer-lnsti tut für Bauphysik
(Rereich Wärme/Kl ima)

Director: o.Prof.0r.-lnq.h¿bil. K.Â. Gertis
D-7000 Stuttgart, l.lest Germany

Objectives

Âbolt l5f of the primar.y oncrqy consurnorl in the Iorleral Roprrhl ic
of Germany account for heating private households. ln this respect,
there are stiìl many possibiìities to cut <lown on energy consumption,
in both renovating old br¡ildings and in raising new ones. In the lonq
run, the heating energy demand for dwoìlings in thp ted. Rep. of
Germany could be reduced to less than a third of today's consumfition
by consequently appìyin9 all of the ¿dvanced buitrlinq concepts and
technologies presently available (l) which hitherto have heen applied
only wi th hesitation. however.

0f impeding influence are mainly the lack of know-how concerninq
the various possibil ities of implnrnenting low-enerqy builrlin<l concol)ts
as welì as reservations against risks concerninq functionality and eco-
nony of new techniques ðnd ldst, but not ìeast. the lack of denonstra-
tion buÍldinqs. lt was for these reasons that the Federal l,linistr.y for
Research and Technol ogy (BMFT) rlecided to qive a concrete dcmonstrati orr
of the practical implement¿tion by frrndinq the present pilot pro.iect.

The pilot project is aimed at

o impì enenti ng prcmi sing sol uti ons for si nql e- fami ly dwel I i nqs
with lø energy consumption

o proving functional ity, efficiency and econony of the new tpchnol ogies
and bui I di ng concepts

r pointing out technicaì problems within the new systems and contribut-
ing to their eìimination

. estðblishing the econûnical, legaì, and social framework for the
lange-scale appì ication of energy-saving methods of construction.

Publ ique tutninj sLration
(1) Etudes, Prerniers eE

Erquête dans les
janvier 1983 '

t2t .î"1;"::'#,,=: nx::"de i:bticati

( 3 ) rns . de VRIES, Eners iebesPar Te' ii i:'-t"iitiåïå.Yí. iåi"Hilint,'"' ãã2".¿i*idszorg - lâtionaar ziekenhurs rr

ianuari 1984'

(4r J.c. ryT - F:-ni"fi:"r"-n?:#i:: !;;î.*" 
soins de santé -

Pronoclim E tcrre r

(5) David L' GRUPÞ| NN and A'S' Buryl^- Anatcnry of an Energy f4anagsr€nt

'-' il-i..,n - AsllR^E Journal June 1983'

(6) L. vtuIlaert - Brergiebelteer in orynba¡-e c'eh'Glwen' Case StudY 
^'z'

st Jan - Brwge -';îä-: n'"t'git' Techrorogie - jt-i 1984 -

liuut*" Exeortieve D'r'R'v'



coDe of t

3B?

he Proj ect
S

383

State of the Pr ect

Measurements have been carried orrt as earìy ðs the heating seðson
of 1984/85 wtren the first houses were crmpleted. In the meantirne, all
the houses involved in the project have been crmpìeted and occupied,
Hence, measurements performed in the heating period of 1985/86 suppìied
the first csnparable results. Based on the energy consumptions thus
determined and a detailed occupants'profiìe it could be poìnted ott
in which way further reductions in heating energy consumption are to
be attained by either technicalìy improving the buildings or heating
i nstal I ati ons or by changi ng the occupðnts' behavi our.

Results of the Measurement and lnvestiqation Proqramme

Heatinq Period of l9B5/86

Since the individual project buildings differ in size and loca-
tion, it wðs necessary t-o normaìize the measrlred data. i.e. to render
them independent of parameters in order to be able to conpare the re-
spective heating energy consumption rates. The conparable speci fic
heating energy consumption is determined by way of the measured heating
energy consumption related to the rom floor area and to the measured
degree day number of the buiìding. In Fig. I the specific heating
enerqy consumption rates of t.he modeì hoUses are opposerl to t-hosa 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 therr¡al insuìation (l,lSV0).

Âs may be seen in Fiq. I, the nean specific heating energy con-
sumption is about the same for both the investigated model houses ¿nd
the reference buildings. In case of the model houses, a greater range
of heating energy consumption was measured wfiich is definitely a con-
sequence of occupants'behaviour. Energy-conscious "livinq with the
house" will further reduce the heating energy consumption, whereas
lacking energy-consciousness will result in a distinctìy higher con-
sumption (e.S. by cross-heating a solar greenhouse in the cold season
with warm air frqn the ìiving roon). As conpared to the heating energ.y
consunrption of buildings nade of elements meeting the reqrrirements as

specified in the statutory regulations on energy-saving thermal insuìa-
tion, almost aì I of the modeì houses and aì I the reference buildings
consumed ìess heating energy within the period of measurements.
This proves the investiqated objects'hiqh quality of insuìation.
The highest consumption of heating enerqy was found in a modeì house
wi th a design mainly featurinq energy storage instead of thermal insu-
ìation, a house that had been incìurJed in the study precisely for this
reason. The house wi th the seconrl highest heating energy consumption
h¿rl a facade with adventitious openinqs due to constructionaì defects
and problems in the execution of the work which resrrìted in srrbstantial
venti ì ati on heat I osses .

, n rhe s e b" 
"" i ?: èo:.: 

ilii:"i:i:;:i; f llË ; 
jI li,il^ iliiiilli'

I ; :1.:î'Ì Îi;' ît i::, "ii:, T:ili3i l',i :l[l;.:1i.,,
cûnponents are Present

Passive Technoìoqies

larqe south-front glazings
lltåä.áiv tt'"rmaì insulation
soìãr greenhouses
oebbl e-bed storages
irrmbn wal I

Âl I houses are occupied and provided wi th extensive rneasuring

er¡ui prnent, the f oì r o"'l ng"'rlitT' t'"i ^ó" 
t"^ti "'tously 

col I ected :

¡ a1 I veather data requi red

o alì the heating enerqies necessary for the system's evaluation

o all air temperatures ìn the rtifferent parts of the buildings

¡ alì measurable internaì heat gains

¡ ar r open i ns .po: I !i"l: :lr:l:i:u¿, Í3"[],; r å?Íol"'porarv 
thermar

insulation dr-'vices rl

¡ al ì the chðracteri sti c data of the acti ve systems '

l7 x

l3 x

l0 x

4x
lx

Active Technol ogies

t6 x ventilation sYstems

ii i solar coìlectors
6 x heat PumPs

2 x hYbrid ccrnponents
I x ground PtPe
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Model houses
o
(/t

=

Re fe re nce
buildings

Snecific heating energy consumption rates of. the reference

;l,iiåi;;'';;ã 'Ë¿"r 
hóüses recordga {yri19 the heatins

season of l985/86 to oe"conpåied to the sþecific heating

;;;;;; ;;^;;ption or ' 'ãniãntion'ì 
medium-sized sinsle

i"Àlíí r'out. lotplying with the thermal insulation re-

;;'i;:å";Ë';t"ip'..irié¿ in the cu'ent resulations on

ì;;;;ì intulatìon (l'rSv0) acc' to (2)'

Winter 1985/86

heating energY consumPti on

roun fl oor area x degree daY number

Summer 19B6

For those researchers, englneers, and archi tects who have tried to

understand the energy 
-.ãnt,rnpiion páttetns in bui ldings.' the . 

need for

öì;;;;ï d.ii-i, ã¡uiä,,r. ln it. restdential .sector, some data exits mostlv

iãi .tp".frn.ntaì type houses, but -very .llttle lor occupied homes' Fvett

less data exlsts ln the commercial séctor. Models have been used with

,irã¿1r*.ii ind with ìirir.tiont. Ihls paper descrlbes a progran deslgned

îp.ãîrl.ãììi- ior ìarge-sfaie tet"rtng of bulldings' It--rep-resents the

iã.qåii-r.t'.ring effoîl ot it, type in the world. u,e will first dlscuss

rhp ohlec6ves and qoals- thai were establlshed for the progr_a-n, followed

;J"."iiä;r,"n 
'Jr "iÀ.-¿iii ìossrns technolosy .used.. flnal ly,, we wll I

äÌ.å;'"ç*-åãir'ãit ìi.J-io. dãËa ieductlon ãnd analvsis, and concìude

*iiñ .ot. "lessons learned" from our experience'
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LARGE.SCALI FIELD MEASUREMENIS OF ELECIRICAL ENERGY CONSUMPTION

S.G. HAUSER, R.S. CRO!'IDER

Pacific Northwest LaboratorY
Richland, l,lashington 99352 ' USf\
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partlcuìar conservatlon programs or

technologles. By 'nreasuring tnttgy tãn'utptlon at the end-use level' both

of these obJectlves are met'
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H¿ximum mean ai r temperatures (average of the ten highest

ïäîràt ...át¿ed) in souLh-facing I iving rosns of reference

ü;;î;i.s;-;;d-'å¿.1 t'oritt in tú""t oi tsgo' The values

¿re reìatecl to tne respãltive ìocation and have not been

normalized.

ELCAPhasseveralgoalstomeettheobJectlvesdescribedabove'Three
of the primary goals are:

. to rlevelop a meterlng technôlogy.

. to develop data management techniques

. to develoP anaìYsls software

When e exi sting technology for submetering

electrici unreì labìã to consider a xl00 bui lding

meterìng l, the metering technology had to be

inexpensìderof1000sites,tometermtrìtiple
end-uses as well as lower tirne resolutions'

to have rd uti I i ty meters ' arrd to nìeter

meteorologicaì condl tions.

Model houses
Reference
buildings

Fiq. 2
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Meterlns up to-1000 sites on an hourìv !':l"lÏ:,"Îi':'¿¿:i:i ii:i58;

å : ïJ : :i? nþÏi 
jit:î* i:,'; i'rl ; * r''rJ' ffn''; j ; o* ;' ï Ë ; ã ;

To make the data userul t;: 
î;'"î:tnt"tltt:";'o.li::

" lulät"iìt¡ti of users wlt an"d innovattve technlques

i :i;'# .iliJl;,'l;J T. Ii

Data Co ì I ecti on

Flgure l' Layout of Dlgltal Ileltl Data ÂcqrrisiLion SysLetn

(2,3) .

Reduc t i on

s).

15Þ-.æ

000 t
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Site 286 6ll/86 Lo 6/30/86
'lhe chaìlenge does.not end after. the qualitv of the data ls assured'

: lf iT"n l¿J lf ï,, ffi ,','"T ¿ä i'ù i+1.,"' VAlt L': 

"1,1 

il:;i.Í' t:,f ''. i;
sinoie corrmer.iut putruii'p".o;itd. ;11, Jn-t I:td"ts requlred to solve our
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jT:¡"T'::j:',i[:

lïËiÍ...;iî àaia is_1li,Ji¡';;'iii;.iåïSì;tf;lJ.ïl'o,n'."'ål.l'.î['$,iì::
ti6 to dtsk sPace requ

and demosraphic data J;.="rîå;à-'i-n- a .el.atróñài-¿at" base whlch allows

greater flexibilltv *nJi''stltîtits reìevant portlons of the data'
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I essons I e¡rnctl

0

As a result of the three plus years since this proqram was started' and

Û,.'r,únä.eár-oi megabytés of rl,rta that ls à.restimonv to it's success' rve

wlìl briefly dlscuss tñ;; it'.'ì.ilo.r we have leari¡ed alorrq I¡e way'

Second ls to deveìop standard procedures.for alì parts o-f the project'

ïhe larger the pro¡eci,' inï *átt ìmportant.this becomes' You must still
have the flexlblttty to''deii"wiit'i""ri.lles slnce each buiìding is different,

¡ut as the exceptiõn and not the rule'

ïhird is to not underestimate the data manaqement reqtlirements- The

lack of appropriate.orpîi.r t'u.¿iu.. and softwaie will more ìikely ìimit

the success or tn. proiä?i'ì'n.r"tt'.-¿ãta togging equipment or anything else

issociated with the instaìlation'

Fourth ls to focus on the reliability of the eqtripmgn! lld.the quality

of the data coìlected. 
"ör. 

ãr our colleigue.s has sald that it ls easier to

recover from a bad .nulv]i'ì it'un-it-it frðm bad data. Automated procedures

for data quaìlty checking are a must'

Table l. Residential Data for ll2 Buiìdings
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Last is to make sure that the data can be easily acce.ssed by the analysts

w¡,o witt most use it. Thls may be the hardest one to achieve because of the

;i;.;;iiy;i- ir*"; that dati of this nature can address. Many dlfferent
;;;ii;i;'-iil ¡å.õr. invoived, each wlth their own preferred software and

lnterface requl rements '
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EMPIRICAL CHARACIERIZATION OF RESIDENTIAL ENERGY USE

G . I',l. Stokes and E . l{. Pearson
Pacif ic Northwest Laboratory

Richland, l{ashington 99352, USA

Statement of the Problen
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until recently, the major data sets avaiìable for studying._re.sidentiaì
energy consurnptión at thË household level were utììity bilììng data.
Aìthéúgh thesé data cover very large tirne resoìution ìs on

the oräer of a month, and no-end-use on is avaiì'rbìe' 0ver
the past few years, however, a nunb involving coìlection of
hiohör-time r-esoluiion data with e se disaggregation have

beÉn carried out. lhe availabiìity akes possible nuch nore

detailed understanding of residen ial energy consumption..- However,

analytical techniques 'designed for application to minim-al.ìy- disaggregated
data- sets collected for iery large sampìes are not likeìy to be well
suited to the end-use data.

In this paper we describe a generaì approach to analysis of high-tine
resolution end-use data, and iììustrate that approach wìth examples drawn

from a thermal perfornance characterization project- lhis approac-h has

three features that distinguish it from traditionaì work in the buiìding
energy fieìd:

. tt is model-free. Basic empirical characterizations of the d¿t¿ ¿re
highìy fìexible and, are not based on fitting pàrðr¡eters to simpìe
mode ì g.

. lt is sequential, with initiaì sirnpìe characterizations derived from
hiqhìy aggregated data, and subsequent refinements based on det¿iled
analyses of disaggregated data.

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

This paper exhibits this generaì approach by sumrnarizing
investigations into residential thermaì performance during.wh
of speCific anaìysis techniques, as welì as the approach
deve ì oped .

of the ELCÂP Base

Paclfic Northwest

a series of
ich a number
itseìf- were
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Even partial compìetion of this set of tàsks would be valuable for both

iåi..åitinq and conservation pìanning'

temperature, wind speed and direction, indoor relative hurnìdity, .and. tota.ì

l,ãrizontal insolati'on. Whil" t¡" dat,r collection interv.rl is adjrrst,r¡le,

itte ¡rlt of the data is being coìlected at hourly resolution'

The Thermaì Performance Analvsis

ln line with the general approach described above' the thermaì

pe.få.nrance analysis has 
-proceeded in severaì steps, as foììows:

. development of a modeì-free characterization of thermal performance

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

. aggregation of thi s chðracterization across groups . of structures to
pËi.ii petrormance comparisons between groups of resìdences

. refìnement of the characterizations of jndìviduaì structures based on

day-type cl¿ssifications derived from the hourìy data

. application of these resuìts to important forecasting or conservation
olannino issues tuãh.t the impäct of wood heat use or control
!i;;iúi (e.q. setback behavior) on residential energy consumption'

Each of these steps is discussed below.

Model Free Characterization of Thermal Performance

p Basi Analvsi!Ih ç of

.r'
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lndoor /Ou tdoor TemPeralure Dlflerence' 
oC

IJ

fðctors taken in determìnìng ôctuðl energy consumption' lt shouìd be

noiã¿, lnci¿entally, th¿t foi ¿ substantial fraction of the sites studied,
itandår¿ ìinear moáeìs provide neither ôn ðccurate ch¿rôcterization of the

data nor a usefuì predictjve tooì. lhis is particuìarly true for very
weìl insuìated homei or homes with ìarge thermal capacitance'

Characterizino OccuDant Behavior

1.:îå:;::.0'ifl .'ål,l"l,'li"å"tll' l;'?i'å';iil "l'll:iil'" 
"'

Estimated Annual HeaÙng

ConsumPtion, kWh/m'-Yr

Éstimaled Annual Heattng

ConsumPlion. kWh'/m'-Yr

occupant behavior, such as internal gains or viìcðncy'

There are two resuìts which folìow from the above anaìytic approach'
The cìassification of days gives an indic¿tion ol the freqttency of
particuìar occupant behaviorsf while the intercomparison of days allows
bne to estimate the magnitude of the effects of the behavior on energy
consumpt i on .

lhe cìassìfication of days according to thermost¡t sel-b.rck behavior
was based on an anaìisis of the intcrior tempcr.rture data using a trec-
matching approach (t4l . lhe resul ts are shown ìn tigure 3.

The analysis of the use of wood stoves by the residences was bðsed on

an examinatión of the hourly record from the wood stove sensor (15) lhe
resuìts of this analysis is shown in tigtrre 4.

lhus, use of the fuììy disaggregated data set pernrits refinenent of
the standardized estimatei of arlnuaì space heating energy consumption,
estimation of the i behaviors h¿ve on that
¿nnuaì consumption, riahiìity in rlay-.to-rlay
energy consumption. such as cstinr.rt ion of
poteñiial changes in ed with fuel switching'
br the effect ón bot profi ìes of setb¿cks or
other controì strategies can be investì9ated.
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determining energy consumption.

Further, use of patterns in the hourìy data to cìassify days appeals
to be a simpìe and powerful method of distinguishing these various
factors.

Currently, the concept of a day typc is primarily .app.licrl lo
situations in which one wishes to distingrrish between week days anci

weekends. ln a sense this simple cìassification scheme is just â

lhe authors wish to acknowledge the work of many individuals who have
contributed to this synthesìs, ìn particular Nancy Milìer, Brock LeB¿ron,
and Brent Cooke. ThC support of Michael l'larwick and Philìip l,linrlelì, of
the Bonneviììe Power Admìnistration, for this particular path of inquily
is aìso grateful ìy acknowledged. This work was supported by the
Bonneviììe Power Administration through Contract DE-AC-6-76R10 1830.
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