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ABSTRACT

This paper presents a calibratiorethodologyusing
only two to four weeks ohourly monitored and
monthly utility records. Themethodology was
developedandtested usingwo case studpuildings.
The building andHVAC systemalatawere collected
from the building drawings and site visit¥On-off “
tests were conducted to accuratelgtermine the
power densities ofthe temperature-independent
loads. The 24-houuse profiles were derived from
the hourly monitored whole-building electricity use.

The results were analyzed statistically, by calculating
the CV(RMSE) andtotal percent difference; and
visually, by comparingthe hourly and monthly
whole-building electricity use,the 24-hour use
profiles, and thedaily and monthly peak demands.
Results fromthe two case studyuildings showed
thatwhen themodel was calibrated the short-term
hourly monitoreddata, it comparedavorably to

mass, aneffectivesolar gain areayhile Bronson et
al. (1992) focused oncalibrating the temperature-
independent loads only.

The above methods proposed different calibration
periods. Hsieh (1988), Bou-Saada (1994), and
Bronson et al. (1992) used a long-term hourly energy
monitoring from 6 to 12 months to calibrate the
hourly simulation results. However, while
conducting long-term hourly monitoring will provide
sufficient data for calibratiorthis approactbecomes

a burden forsmall scale retrofitprojects with a
limited budget(Reynolds etal. 1990). Carroll and
Hitchcock (1993) proposedising monthly utility
records with the assumptiothat most building
owners can easily obtain their utility records.
However,while this approachvould beappropriate
for retrofit projects with a limited budget, calibrating
the monthlyvalues only mayhinder thedaily or
hourly discrepancies. Subbaraoatt (1988) and

long-term monitored data as recorded in the monthly Manke et al(1996) calibrated the simulation inputs

utility records. This confirmsthat energy use in
existing buildings can be predicted wilcceptable
accurately without requiring long-term hourly
monitored data.

INTRODUCTION

In retrofit projects,the energy simulation model of
the building needs to be calibrated to measured dat
so thatretrofit strategies can be targetedstive the
building’s energy problems. During the last ten
years, several calibration methodologies hheen
developed. Most of these methodequire site
measurementand monitoring of thebuilding’s
energy use. Hsieh (1988)cused orcalibrating the
use schedules dhe lights andequipment,HVAC
equipment operation, thermostat settings, infiltration
rates, and theuilding envelope. Bou-Saada (1994)
proposed aimilar approach with additionateps of
using a visualization program teerify the positions

of the building envelope and several statistical
analysis tools to analyzbhe comparisotretween the
simulation resultsand measured dataSubbarao et
al. (1988) and Manke et al.(1996) focused on
calibrating the building hedbss coefficientinternal

using data from STEM (Short-Term Energy
Monitoring) test in threelays. Kaplan et al(1990)
used onemonth of measured data in three fiee
periods (cold, hot and temperate).

This paper presents a calibratiorethodologyusing
only two-to-four weeks ofhourly monitored data

Jrom any period in the year. After the simulation

model was calibrated fahat period, monthly utility
records were used to calibrdtang-term simulation
results. Thdocus ofthe strategywas to calibrate
the temperature-independent componefhitghting
and receptacle)and whole-building electricity use.
The two case studybuildings, located inCollege
Station, Texaswere simulatedusing the ENER-
WIN hourly simulationprogram (Degelman 1990,
Soebarto and Degelman 1995).

METHODOLOGY

The calibration procedure included thellowing
tasks: (1) dat@ollection ofthe building, theHVAC
systems and operations, weatherand monthly
energy consumption; (2) short-term monitoring and
development ofthe 24-hour use profiles; (3)




disaggregation of measured energy use; (4) analysesecond type wasimpler andess expensive because

of the simulation results using graphical and
statistical tools; and (5) changes of the input
parameters.

Data Collection

The building physical data included the building
orientation, surrounding structures, growsuifaces,
building envelopejnterior, lighting andreceptacle
types.The datawere collected fronthe architectural
drawings andsite survey. The HVAC system
equipmentand operational datavere obtained from
the mechanical drawings, sitebservations and
interviews. Thelighting andreceptacle loadsvere
obtained by conductintpn-off tests”. In these tests,
all electrical loads werdgurned on andoff in a

predetermined patterns while the changes in theroot-mean-squared-error

electricity use were recorded bydata logger. The
monitored data in each on pericghowed the
electricity use ofhe corresponding load. Thetssts
avoided the possibility of underestimating the
lighting andreceptacle loads withodtaving to go
through the buildingand count all the fixtures.

Details of the data collection procedure as well as the RMSE =\/

on-off testscan befound in previous publications
(Soebarto 1996, Soebarto and Degelman 1996).

The hourly data of theutdoor dry bultemperature,
relative humidity,andwind speed were measured by
the local weather station. These d&@ad been

compiled by the Energy Systems Laboratory at Texas

A&M University. The global solar radiation was
locally measured bthe EnergySystems Laboratory.
A weather data processing program whickows a
model developed by Liand Jordar{1960) washen
used to split the global solar radiation into direct and
diffuse components (Degelmari991, Soebarto
1996).

Short-term monitoring and 24-hour use profiles
Hourly short-term monitoringsvere conducted in a
two-to-four weekperiod to collect: (a) electricity use
data todevelopthe 24-hour lightingreceptacle and
HVAC fan motoruse profiles, (b) electricity use and
thermalenergy uselata to calibrate the simulation
results, (c) indooair temperatures to be used as the
simulation input and toconfirm the HVAC fan
operation schedules.

Monitoring the electricity use

The hourlyelectricity use fothe 2-to-4weekperiod
was also monitored for calibration purposes. The
monitoringwas conducted in two wayél) by using

a multi channel data logger with current transducers
(CTs) and potential transformers (PTsthat are
connected tothe electrical panel to measure the
Watt-hour/hour, and(2) by using a data logger
connected tahe Watt-hour metethatsends a series
of on/off pulses othe electrical consumption. The

no current transducers argbtential transformers
wererequired. The data loggeeceivedthe pulses
and convertedthem into Watt-hourdased on the
“pulse factor” (e.g. 1 pulse = 0.864 kWh).

Use profiles

At leasttwo daytype profiles were developenhe for
workdays and one for weekends. If necessary, a
holiday profile was also developed. Fire same
daytype, the hourly value of the profiles was
calculated by taking the average of theorded data
for that hour. Toevaluate how welthe average
profiles representedhe measured dataseveral
statistical toolswere usedncluding the root-mean-
squared-error (RMSEYoefficient ofvariance of the
(CV(RMSE))and the
percentiles presented in box-whisker-plots.

The equationgor the RMSE and CV(RMSE) are as
follow:
|
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whereDy is the predictedsalue athouri, y; is the
recorded value ahour i, and n is the number of
hours in the comparison period, and

CV(RMSE) = RMSE Ty x 100 )

where'y is the average of the recordetles for all
hours in the comparison period, or )ﬁ_z(yi /n).

The specific percentiles of interesteere the 10th,
25th, 50th, 75th and 90tpercentiles. Fowrvery
hour the box-whisker was plottedvith the 25th
percentile value athe lower end of thebox and the
75th percentilevalue asthe upper end of theox.
By drawing thebox-whisker plots, variability and
outliers could be detectecthus data from the
“irregular day” could betaken out from the data set
and would be assigned for developing profiles for
different daytypes.

Monitoring the indoor and outdoor temperatures

To confirm the information on the indoor thermostat
settings given by the building operators, ti@urly
indoor temperatures in different spacesere
monitored using a data loggeronnected to a
temperature sensor. The monitored daéae then
used in the simulation model. Observing the patterns
of the hourly indoor and outdoor temperature
profiles also helps to confirm the operating schedules
of the HVAC fan motors.

Disaggregation of measured energy use

The measured totatnergy use was disaggregated
into the temperature-independeartd temperature-
dependent components. First, the temperature-



hourly CV(RMSE) was 20%and 15% for the
percent difference of the daily peaks.

Data Survey, Building, use profiles,
Collection: | on-off tests, thermal‘l properties of After the simulationwas calibrated tthe short-term
Sr:g:;tﬁ:? s S?g\r;esoggh:\égg el monitored data, the monthly utility recordsere
g y : T used to calibrat¢he simulationfor the long period.
Using the same billing periods as shown in the
Simulation utility records, the simulated monthlgnergy use
input 47 (electricity, gas, or otherthermal energy) and
J, monthly electric peak demandere compared to the
Simulation & Disaggregatioh | Run energy monthly repordeddata. The comparisongere
disaggregation: | of energy use simulation presented in bar chartgand the monthly percent
differences were also calculatedThe allowable

maximum percentifferences werd 0% for each of

v
[ Results ¥ Results | the monthly temperature-independesriergy end-
uses, 20% fothe temperature-dependeand 10%
Calibration: Graphical and for the monthly electric peak demands. Figure 1
statistical shows the flow chart of the calibration procedure.
analyses N

Changing input parameters
Use calibrated modgelyes v No| Adjust Before simulating the buildingfwo types ofinput
to analyze retrofit ¢ MATCH ? |-»  input parametersvere confirmed. The first onewas the
design strategies. parameters “basic data”, whose values were defini@nd could

be obtained from the building drawingsd site
survey, such athe building orientation, areas and

dimensions of alenvelope surfaces, positions of the
windows onthe walls,and any shadingdevices on
the walls. Othewaluesthat were confirmed from
independent energy end-usesthat is the lighting  the building drawingsand site survey, although
and receptacles -- were calculatesing theload through estimationonly, included the thermal
density obtained fronthe on-off testsand the 24-  properties of the buildingenvelope, reflectance of
hour use profiles developed frorthe short-term  ground surfaces, infiltration rateand the HVAC
monitoring. In thetwo case studybuildings, the system specifications  (typessize, efficiency,
HVAC fans operated on a regular schedule; thus, thepercentage of outsidgir). The secontlype ofinput
fan energyuse could also be calculated. The parameters to be confirmedas the “measured/
temperature-dependent energy use cothldn be  derived data”. Thesewere the parametersvhose
calculated by subtracting tlemergy use folighting, values were obtained fromme survey, on-off tests,
receptaclesand fans from the totalenergy use. and short-term monitoringsuch as theoccupancy
Results from the disaggregationwere used to levels and schedules, thdighting and receptacle
calibrate the simulation. loadsandschedules, space temperature settings, and
the HVAC fan horsepower and schedules.

Figurel. Flow chart of the calibration procedure.

Analysis of simulation results
The first step was to comparethe hourly The simulation process started witithe model
temperature-independent componeatsd the 24-  containing thebasicdata and theneasured/ derived
hour average electricity use profiles fbeworkdays data. If discrepancies occurred, the fatp was to
and weekendsduring the2-to-4 weekperiod. The  adjust theuse profilesand peak values of the
latterwas to determine if any discrepancies occurred temperature-independent loads. Thedel was
during certain hours in day. The next stevas to  simulated again using theew profiles and peak
compare the daily electric peak demands. valuesuntil the simulated temperature-independent
end-uses matched the measured data within the
predetermined tolerances. After the temperature-
independent componenigere calibratedthe model

was used to simulatehe temperature-dependent
energy use. Usinghe known efficiency of the
HVAC systems (fronthe sitesurvey),the simulated
spaceheating anctooling energy were compared to
the actual heating andcooling energy. The
discrepancythat occurred was assumed to be an
indicator of theinefficiency of the actualHVAC

Graphical presentationsere used to analyze these
comparisons. The total disaggregattergy use
was compared in a bar chart, while the hourly energy
end-useand residuals were plotted in a time-series
plot. Statistical analysewere also performed by
calculating the hourhRMSE, CV(RMSE) for the
hourly whole-building electricity use; percent
difference forthe daily peaksandpercentiles for the
24-hour use profiles. The acceptabldimit for the



systems. lIrthis work, no further stepweretaken to
calibrate the temperature-dependent energy use.

CASE STUDY BUILDINGS

The proceduresabove were used toalibrate the
simulation models ofwo case studypuildings. The
first one was a campus building consistingffices,
laboratories, and classrooms, located in College
Station, Texas. The second om@s amunicipal
building, also located in College Station, Texas.

Campus building

The building, built in 1971, hasteasemenandfour
stories connected liwo elevatorsandstaircases in a
large 3-story atrium.  Each floor, except the
basement, is air-conditioned. The total conditioned
area is 251,375 sq.ft. The exterior walle precast
concrete and insulated aluminum paneWith
gypsum board on the interior surfaces. Wi@dows
are single pane tinted glass, shaded onldéfieand
right sides bythe freshair intakeshaft. The interior
floors are concrete, coveredvith carpetand tiles.
The buildinguses chilled water for space cooling
and hotwater for spacéeating and isnainly served
by dual duct variableair volume systems. The
building was heavily occupied froi:00 a.m. to
5:30 p.m. and, to &esser extentwas occupied for
the remaining 24 hours peday. During the
weekendsand holidays, the buildingvas generally
occupied from nooruntil after midnight. Thepeak
occupancy level was estimated to be 2,000 people.

On-off test results

Since 1991, the Enerdyystems Laboratorgasbeen
monitoring the whole-buildingand fan motors
electricity useand the thermaknergy use for the
HVAC systems. The on-off tests were performed in
July 1995. The results of the tests, presented in
Figure 2, clearly showetthe lighting andreceptacle
loads on each floor. The power density of each
electrical load was calculated by dividitite load by
the floor area.

Short-term monitoring results

The hourly monitored data of the whole-building
electricity use were used to develdipe 24-hour
profiles forthe workdaysandweekends.The results
showedthat theprofiles developed frontwo weeks
of monitoringweresimilar tothose from foumeeks
of monitoring. Thebox-whisker plots, presented in
Figure 3, also showmall variability. Thus, in this
building where theschedulesare similar for the
entire monthtwo weeks ofmonitoring canprovide
sufficient data to develop the use profiles.

The RMSE and CV(RMSE) ofthe workday profile
over the 240 hour comparison periogere 16.54
kWh and 2.57%respectively. Forthe weekend
profile, theRMSE and CV(RMSE) werell.72 kWh

and 2.08%over 96 hours of comparison period.
These showthat theaverage 24-hour use profiles
well representedthe measured dathecause the
CV(RMSE)s were lower than 10%.

These profiles were also disaggregateto the
indoor and outdoor lighting, receptaclesand fan
motors. Except the fan motetectricity use, which
was monitored separately e data logger, the
values for the lighting and receptacles were
calculated by using the ratios of the loatgained
from theon-off tests. Figures 4 showvike workday
disaggregated use profilesThe use profiles for
lighting, receptacles,and fan motors werethen
developed. The hourly fractions (up to 1.0) in the
profiles were calculated bglividing the maximum
electricity use in the end-use by the use in each hour.
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Figure 2. On-off test results in the campus building.
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Figure 3. Box-whisker plot of the workday lighting
and receptacle profiles.
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Figure 4. Disaggregation of the 24-hour workday
profile in the campus building.



Municipal building

This two-story building consists ofmostly offices
and one mechanical room. The totdor area is
19,321 sq.ft. The exterior walkre constructed of
insulated concrete panel witlypsum board on the
interior surfaces.Thefloor is concrete coveredith
carpetandtiles. The working hourgrere from 8:00
a.m. to 5:00 p.m. with peak occupancy level of 62
people. About 3 peoplenter the building at 7:00
a.m. and 6people workeduntil 7:00 p.m. during
working days. Onthe weekend, up to 3 people
worked from9:00 a.m. to afternoon. This building
was served by an air-cooletiller for space cooling,
gas for spaceand hotwater heatingand two air
handling units. The air handling unit®nstantly
operated from 5:0@&.m. to 9:00 p.m. including on
the weekends.

On-off test results

Because of a budgbinitation, only the pulses of the
hourly  whole-building electricity use were
monitored. The pulséactor was obtained from the
utility company and confirmed by comparing the

during unoccupied period when most tife office
equipment wasurnedoff. Therefore, theslectricity
use forthe equipment awell asthe chillerobtained
from the testswould not be used to calibrate the
simulation. Theon-off test results are presented in
Figure 5 and Table 1.

Short-term monitoring results

The electricity use was monitored iNarch 1996
when the chiller did not operateontinuously.
Therefore, to develothe use profilesall datafrom
the four weeks ofmonitoring were used. First, the
box-whisker plots ofthe workday and weekend
electricity use profiles were developed. Figure 6
showsthe workday profile. Nextthe CV(RMSE)s
were calculated, and they wedé% forthe workday
profile and 15.31% forthe weekend profile. These
results showedhat therewas variability in both
profiles, which meanthat theprofiles contained the
temperature-dependent components. The st
was to plotthe hourly electricity useagainst the
outdoor drybulbtemperature (Figure 7). Thidot
shows that the electricity use between 20 to 65

monitored results (the number of pulses multiplied |\yh/h was independent from the changes in the

by the pulse factor) to the meter readiogthe same
period. Because onthe pulses were monitored, the
time required to turn the lights on and wffs longer

than that in the first case study building. This was to

temperature. Thus, iwvas estimatedhat the peak
temperature-independent load was B&h/h and
any loadbeyondthatwas assigned to space cooling.
From the sitesurvey it waslearned that the air

allow the data logger to record enough pulses in eacrhandling unitsused 10kWh/h. The on-off tests

step. The on-off tests were conducted

TABLE 1.
Loads from on-off tests in the municipal building.
Step Total Load (kWh/h)
Pulses
Lights and HVAC 7in other = 18.14
systems off 20 min
2nd. flr. lights on 15in | other+2nd flr = 29.9
26 min | 2nd flr. lights = 11.8
1st. flr. lights on 15in | other+all lights=43.2
18 min | 1stflr. lights = 13.3
HVAC systems on 20in | all loads = 86.4
12 min | HVAC (part) = 43.2
Puse /suligrtamd%T Setmiﬂﬂ ‘ Erstﬂoor‘ ‘ HVAC ‘W\Hh
HVAC systens lights on lights on systems on
4—‘—» 4—‘—»4—‘—»4[_—%: 0

[— Puse -=

Average load (calclatec)

showed that the total lighting load was 25.06 kwWh/h.
Therefore, the pealeceptacle loadiuring occupied
periods was about29.94 kWh/h, obtained by
subtracting the lighting and fan motor loads from the
total temperature-independent load.

During the unoccupied hours,only emergency,
night, andoutdoorlights were turned onfor a total
load of 4 kWh/h. Theeceptacleand othedoad for
this periodwas 18.14 kWh/h, obtained from the
beginning of theon-off tests. Fronall of these data,
plus the data from the siturvey,the workday and
weekend profiles could be disagreggatadd the
actual values of the use profiles were determined.

kWh/h
5 8
=
-
=y
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Figure 5. On-off test results in the municipal building. Figure 6. Box-whisker plot of the workday electricity

use profile in the municipal building.
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Figure 7. Hourly electricity use in the municipal Respectively,the RMSE and CV(RMSE) of the

building vs outdoor temperature. hourly whole-building electricity use were 61.54
kWh and 6.7%overthe 672 hour simulation period.
80 Since theelectricity was only used fdahe lighting,
L sEEpENEs 0 receptacles, fanand HVAC auxiliary equipment, it
N e was concludedhat the simulated electrical loads
wl - o L L were accurate. The next stepvas to compare the

kwhrh

- thermal energy use. The resultshowedthat the
| difference between the simulateshdmeasured total
L chilled water use was only 1%.
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[ Outdoor Lights 8 AHUS @ RecepiaciesaOther @ ndoor Lighs @ Chler] short-term period, thenodel was used to simulate
Figure 8. Disaggregation of the 24-hour workday the buildingfor a twelvemonth period. Measured
profile on March 8, 1996. data from 1994were used becaus¢he 1995
measured dataere not complete. No changes in
the input parametersvere made except for the
[ rouns | (24 mow Peor | [ Dot Peak ] [ Fan Mowors | | Latia | | Foseptacts | equipment load in thenain computer room which
—sotenis | Lop Couws | Domeses] [ tobece | [ onien: | was increased based te actuause in 1994. The
2onn omnior: BRVAN/COLEGE STATION. 1849 1 b results showethat monthly electricity useind peak

demands matched the monthly data within the
acceptable differences (Figure 11 he simulated
monthly space cooling energyluring summer
months also matched the measudeda,but it was
lower during winter months (Figure 12)Because

16500
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. 1

o o the internalloads from lightsand receptaclesvere
0 R L S DN calibrated, it was assuréidat thediscrepanciesvere
| —— b Py e not QUe to theinternal loads. The inputs of .the
Actua Simuloted Residual building envelope were also re-checked and adjusted,

. — but no obvious impacts were discovered.
Figure 9. Four weeks calibration of the whole-

building electricity use in the campus building. To investigate thecause ofthe discrepancies, the
hourly chilled water usesvere plottedagainst the
outdoor temperature (Figure 13)The plot shows
[ Hewes | 50 Ex | !fZ':;;'LZ::;L ooty ) [ vow ) (Een] that the actuaHVAC systemsstill usedthe chilled
gy Lot aNCOLLEGE STATION, TE4S - water tocool the buildingeventhough theoutdoor
temperatures were already low. Sitlse simulation
1125 program used ithis work did notallow the user to

simulate dual ducvAV systemsthat always operate
= even if not required (theHVAC systems were
sim. weekend simulated with 100%efficiency), the simulated
results wereaalways lowerthan theactual use at the
low temperatures. Therefore, no further attempts

376

a:00 a5:00 1200 s 1200 were made to calibrathe thermalenergy use, and
ey the discrepanciesvere assumed tandicate the

“inefficiency” of the actual HVAC systems.

Figure 10. Calibration of the 24-hour average use
profiles of the whole-building electricity use
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Figure 11. Calibration of monthly electricity use in
the campus building in 1994.
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Figure 14. First calibration results of the hourly
electricity use in the municipal building.
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Figure 12. Calibration of monthly chilled water use
in the campus building in 1994.
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Figure 13. Hourly measured and simulated chilled
water use from January to July 1994.

Results from the municipal building

Since the buildingvas monitoredduring theperiod

of March 4 to 31, 1996, the simulation was
conducted forthe same period. However, since
hourly gas and energy end-usedata were
unavailable, only hourly electricity usnd the 24-
hour averageprofiles were comparedThus, the
simulated lightingreceptacleand fanmotor loads
were the same as in the actual building.

= Hourly Whole Building Electric
Calibration Guidelines
w Cietie | [24-hour Prof | [[Daily Peak | [_funatore | [ tiwmiing | [ Bocoptonte |
Bomestic 5] [ Total Disag. | [ Main Menu_|
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Figure 15. Final calibration results of the hourly
electricity use in the municipal building.

The buildingwas first simulatedising the datérom

the interviewsandsite surveys.The comparisons of
the hourly whole-buildingelectricity useare shown

in Figure 14. The resultshowedthat therewere
discrepancies in theuse profiles, and these
discrepancies causeithe hourly CV(RMSE)over
672 hours to be 20.2%. Using the data from the
short-term monitoring, the electrical loadsd the
use profiles were adjustednd the building was
simulated again. Thaeew simulation significantly
reduced the discrepancies as shown in Figures 15
and 16. The final CV(RMSE) of théourly
electricity use wasl6.3%, whichwas within the
acceptable range of error.

The calibratedmodel was used to simulate the
building for a longer period without any changes in
the input parametersMonthly utility records from
May 1995 to March 1996 were usadd thebuilding
was simulated month-by-month basedtba billing
periods in the utility records. The comparisons of
the monthlyelectricity use, peak demandmd gas
useare presented in Figures 17, B&d 19. These
results showedhat the monthly simulated results
compared favorably with the monthly utility records.



100 The largesdifference ofthe peak demandccurred
100 N = *3 y in February 1996; however, no adjustment was made
I %&%&ﬁ‘; s becausehe discrepancy may h_ave been qaused by a
It DN o - @Aﬁﬂﬁ“# iy construction that occurred during that period.
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0 thatwhen themodel of buildingsvhose use profiles
o2 ® m‘dzzrm(;" . oo can be derived from monitored data was calibarted to
the short-term hourly monitored, would compare

favorably to long-term monitored data. This
confirms that energy use in existing buildingm be
predicted with acceptable accurately without
requiring long-term monitoring. However, this is
only possible ifthe input to the simulatiomodel is
ffffffffffffff derived from prescribed procedures.

Figure 16. Hourly measured and simulated
electricity use vs outdoor temperature.
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Several statistical as well agaphicaltools were
used to analyz¢he calibration results. Bar charts,
time seriesand scatter plots helped visualize when
the discrepancies occurre@V(RMSE) was used to
analyze the hourly calibration while percent
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fuaSepooa N Deeodm b difference was used for monthtalibration. Results
from both case study buildings showed the

CV(RMSE) to be between 10 to Zfercent. The
Figure 17. Comparison of monthly whole-building CV(RMSE) ofthe secondtase studybuilding was
electricity use (May 25, 1995 to March 24, 1996). higher than the first one mainbecause no electrical
end-use meteringwas conducted. However,
acceptable results couddill be achievedecause the
************** temperature-independent electrical loadsre well

Sl 18 IR IR 1E 1B S calibrated.
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