Indoor temperature predictionsin an energy efficient solar
house

SZiuku*and E L Meyer
Institute of Technology, University of Fort Hargj\Rite bag X1314, Alice 5700,
South Africa.

E-mail: sziuku@ufh.ac.za

Abstract. This paper presents results of long term temperatnonitoring in an energy
efficient solar house at the University of Fort elaBouth Africa. Measured data was stored by
a datalogger every 10 minutes. Formulas for predjdhe daily indoor maximum, average and
minimum temperatures were developed on the bas@utfoor climatic parameters. Passive
solar housing aims to raise and lower indoor temupees in winter and summer respectively.
As a result, analysis of the data and developmeptedlictive formulas of indoor temperature
were done separately on part of the winter and seimseasons. The models were then
validated against measurements taken in diffeierg periods. Results indicated that indoor
maximum, average and minimum temperatures can bdigbed on the basis of outdoor
temperature. Prediction of maximum indoor tempegatvas improved by incorporating daily
solar irradiance in the formula. It was also reedathat indoor temperatures are affected by
outdoor temperatures of the previous three days.

1. Introduction

Desirable thermal performance of energy efficiataishousing is based on two objectives: raisirg th
indoor temperatures in winter using solar radiatisrthe principal heating source and lowering imdoo
temperatures in summer through natural ventilatmmd minimising solar gains [1]. Indoor
temperature is influenced by the outdoor weath#iepss, thermal absorption, thermal capacity of the
house envelope and thermal mass, and presencetabsérheat sources. Human activity also
influences the indoor thermal behaviour. Togethéhwind speed and relative humidity, indoor
temperature is often used to determine thermal orrit]. The energy efficient solar house was built
at the University of Fort Hare and its thermal parfance has been monitored since 2009.

The majority of national meteorological stationsasigre and keep records of daily maximum,
minimum and average temperatures among other dlirfeattors. This data is often published through
public media and is made available to researchedsisterested parties. This article analyses the
influence of outdoor weather factors on indoor terapures. Measured outdoor weather data was used
to develop formulae for predicting indoor maximumjnimum and average temperatures. The
objective of the exercise was to develop formukes tse the least amount of measured outdoor data
which give a reasonable description of indoor terajees.

1 To whom any correspondence should be addressed.



2. Measurements

Outdoor and indoor temperature and relative husnidiere measured by a HMP50 probe. Global
solar irradiance and wind speed were measured ly-Gor pyranometer and wind sentry set
respectively. Data acquisition was made using a@RIdatalogger which recorded average values
every ten minutes. Measurements were done throaghewinter and summer seasons of 2009 and
2010.

3. Indoor temperature sensitivity to outdoor weather

Linear regression was used to analyze the reldtiprizetween indoor temperature and each of the
measured outdoor variables. For example, the medsoutdoor ambient temperature was plotted
against the indoor temperature. The best fit limegression correlation for June 2009 is shown in
figure 1. It was observed that both indoor and oatdemperatures do not exceed 27.00°C while the
outdoor temperature gets to subzero values. Thaoouttemperature range was 29.24°C (varying
from -2.46°C to 26.78°C) while the indoor range \28905°C, that is 46% lower.
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Figure 1. Correlation of indoor and outdoor temperature forel

The correlation relationship between indoor andioot temperature was found be:

T, = 0391, +1206 R® = 037 @
The relationship has a correlation coeffici@t 0.61 and a coefficient of determinatid®f = 0.37.
This means that only 37% of the variation of indeemperature about its mean can be explained
using outdoor temperature. This correlation is wéalplying thatT,, cannot individually be used to
predictT;,. Other parameters account for the 63% deficit.

The indoor temperaturd;if) was also plotted against outdoor relative humi(iRH,,), wind speed
(W), and solar irradiancés). The results are summarized in table 1.



Table 1. Correlations of indoor temperature with outdoariables

Y-variable X-variable R? Comment
Tin RHoyt 0.10 No correlation
Tin Wi 0.03 No correlation
Tin G 0.06 No correlation

It was observed that individual climatic factorsneat independently predict indoor temperature.
Combinations of independent climatic factors arel phevious day(s) climatic conditions have to be
used to model indoor temperature.

4. Indoor maximum, minimum and aver age temperature predictions

The energy efficient solar house was designed téope differently in summer and in winter. It
follows that the analysis and development of piadicformulae of indoor temperatures was done
separately for the summer and winter periods. Thasured data for each period was divided into two
sub-groups. The first was used to generate theigtnezl formulae and the second dataset of the
subgroup was used for validation as independeat dat

Scatter and regression plots of indoor temperat@gsdependant variables against outdoor
temperatures were performed. Kruger and Givonigf® Ogoli [4] reported that indoor climate is
influenced by that day’s weather conditions andwikather conditions of the previous days. With the
first day of the dataset taken to be dayhe outdoor temperatures were lagged by ofB,(two (-2)
and three 1f-3) days. The procedure involved analyzing the coiffit of determinatiori?, the p-
value and standard error of each indoor paramétdted against various outdoor variables. Rie
values greater than 0.5 were deemed to signifylid liaear relationship and a p-value less tharb0.0
was considered to be statistically significant. igflales which gave correlation relations which were
statistically insignificant were neglected. Cort@as for Tomax, ns @nd Tomin, n3 @nd lower, gave p-
values which were statistically insignificant afmd values which were trivial. The relationship
between indoor temperature and the moving avenage) (Outdoor temperature of the previous days
was also investigated.

The indoor temperature formulae generated for tikewperiod were:

T maxn = 0631 0 +0.05I7 0+ 019T) . + 029G+ 376 2
where T, is the outdoor temperature

Tin is the indoor temperature

max IS maximum

min is minimum, and

mav is moving average.

The correlation coefficient for the generation pdrivas 0.87 and for the validation period was 0.80.

Tin_ave,n = Ozgro_max,n + 0'14T0_max,n—l + 0'05ro_max,n—2 + 0'15ro_min,n + Ozgro_mav + 360 (3)
The correlation coefficient for the generation pdrivas 0.90 and for the validation period was 0.80.
Tin—min,n = 0'20T0—max,n—l + 0'01T0—max,n—2 + 0'5I|-0—min,n + 0'13T0—min,n—1 + O'lIro—mav + 2'83 (4)

The correlation coefficient for the generation pdrivas 0.87 and for the validation period was 0.80.

For the three formulae generated in winter, th@@mndnaximum temperature is the only one which
appears to be influenced by the daily solar irnacka The daily indoor minimum temperatures are not



affected by the outdoor maximum temperature ofdhme day. The minima cannot be physically
affected by the maxima which were observed to oabout seven hours later. Minimum temperatures
generally occurred just after sunrise in wintegufe 2 and figure 3 show the measured and computed
indoor maximum and minimum temperatures during wheter and summer seasons respectively.
Equipment failure caused data loss in the periotb1I® July.
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Figure 2. Measured and predicted indoor minimum and maximemperatures in winter.
The indoor temperature formulae generated for tinenser period were:

Tin—max,n = 0'47T0—max,n + Ozgro—max,n—l + O'lgTo—mav + 01% + 637 (5)
The correlation coefficient for the generation pdrivas 0.91 and for the validation period was 0.80.

Tin—ave,n = 0'26To—max,n + 0'29To—max,n—l + 0'16To—min,n + 0'14T0—mav + 0'1£ + 5'79 (6)
The correlation coefficient for the generation pdrivas 0.94 and for the validation period was 0.91.
Tin—min,n = 0'37To—max,n—l + 0'05ro—max,n—2 + 0""-:;7-|-0—min,n + O':I"r:’,-ro—mav + 377 (7)

The correlation coefficient for the generation pdrivas 0.92 and for the validation period was 0.87.
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Figure 3. Measured and predicted indoor minimum and maxirtemperatures in summer.

The relationship between the average indoor tertyrerand predicted average temperature is shown
graphically in the scatter plot of figure 4 in thenter season.
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Figure 4. Scatter plot of indoor measured and predicted gestemperatures.

Indoor temperatures have been shown to respondtlglite outdoor climatic conditions. This can
be attributed to the fact that the solar house datshave heating, ventilation and air conditioning
equipment. Outdoor temperature has been provea togarameter that can serve as a basis for indoor
temperature predictions for this type of buildingsaddition, the amount of climatic data requined
these formulae is only a fraction of that requitedun simulations and computerized models.

5. Conclusion

The developed models have maximum temperaturesdetdwo days earlier and a three day moving
average parameters. Correlations with moving aesragthn greater than four gau@ values which
were trivial. Thus, the thermal mass retains heegived extending to the third previous day. Rezord
of outdoor temperature can be used as a basigddicting indoor maximum, minimum and average
temperature. However, it is envisaged that the ldpee formulae can be improved by including the
thermo-physical properties of the building compdaen
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