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ABS~CT . An energy €?fficient building w~ designeq and built, ft'.aturing energy 
conservation, passtve so.Jar tieatmg and natural cooltng strategies. Located m the semiand 
region of central Argen!ina, the resulting compact design houses 350 m2 of usefull floor 
area, w:ith main spaces facing north and service spaces facing south. Solar upper w:indows 
provided for all mai,n spaces, contribute to add solar gain to The south side SP.ace. Summer 
cooling st:J:ategies ~cluqe passi,ve ind.uotion of extenor air into de building (daytj.me) and 
cross vent:JJatJ.on (mghttime). SunulatJ.on analyses were performed along the design stage 
to assess performance. Results obtained so far anticipate encouraging possibilities. 

1. INTRODUCTION 

The territory of the province of La Pampa can be divided into two regions namely East 
and West, according to a simplified macro-environmental classification that takes into 
account geomorpho_fogicaJ, alt4netric, pluviometric and phytogeographic data. The East 
appears. as the r:egi9n presenbng the greatest. d~velop,ment and maJOr pr.oductive and 
economic QOtemialit:Jes. It belongs to the sermand region of Argentma with an annuaJ 
rainfall of 050_ rrun. ~t is)n this area that the city of Santa Rosa, La P~pa is .!;ituated. 
North of I.be c1fy outside me urban area we Jfind the CoUege of Agrononucal Engineering 
of the National University of La Pampa, ·which concentrates in tts campus a series of 
isolated buildings for teacning and research pUiposes. 

Table I: Geo_gra_phical coordtnates and climatic data of location: 
Santa Rosa, La Pa.~~t· Arf entina 
Geographical coor ates atitude:-36.57° Lonrotude:64.45 Alhtude: 180 m.a.s.l 
Climatic data Annual RecordS July December 

Dry bulb Mean Absol.rnax Absol.min Mean min. Mean max. 
Tern erature °C 15.5 42 -12 1.4 31.9 

The passive solar building designed and constructed in the campus is used to carry out 
Leaching and research activities tn the field of Ecology and Physiology:. Table 1 shows the 
geographical localization of the city of Santa Rosa and the climatic data which 
characterize the area [ 1]. 

2. DESIGN AND TECHNOLOGY 

The design of the buiJding was subject to a major concern: the .fixed budget the University 
had alloted for the construction of a conventional building. The architectural i:iroject 
provided an answer to the needs submitted by the Ecology and Physiology staff. Design 
guidel.i.J?es were: ~ bl;lildiJ1g's biocli~ati<'. conditioning and energy use optimiz.atic;m. 
Followmg design gw.delmes the strategies unplemented included th~ concepts of passive 
heating, ventilation and cooling, thermal inertia and energy cooservation. 
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Tiie building's compac~ design houses six qffice rooms facing north, with the laboratories 
and service areas facmg south. It also mcludes a sun-space as an area of thennal 
compensation and physical and visual extension. Table 2 shows the constructive 
teclmology used and the them1al resistance of the building's envelope components. 

Table 2:Constructive technoloqy and tbennal resistance of building's envelope 
components. 
Envelope 
Components 

Tilted 
Roofe 

Exterior 
walls 

o~os1te lgt 
Re· . insUlat(.07) 
Slab(.12) 
Cow.os1te Ri 'd 

~ -Re· . Ins at1on 
Sla~d.12) k97) 
Solt tgtd 
Brick (.18~ Insulat.(.05) 

Exterior Solid bric Rigid 
foundation (.27) inswation 
~o .6m deep) (.05) 

olar Metal frame 
openings double 

g!azed(.05) 

ater proo 
alum 
coat.mem~) 
Corrugate 
met. 
sheet) 
Face rick 
~06) 

ace brick 
(.06) 

Air space PVC 
non-arr rolling 
tight shutter(.02) 

Total Thermal 
resistance 
°Cm.2 

2.35 

2.58 

1.66 

1.66 

0.33 

Table 3: Energy values of the buildin1for a beating season 
Volumetnc loss coeffic1ent(W!'Cm) ] .09 Load-collector Rat1o(Wl"CM) 9.5 
Nel loss coefficient 503 Solar saving_s Fraction (% 70 
Collectin Area m2 53 Annual auxilia heat wh 4114 

3. PASSIVE SOLAR HEATING SYSTEMS. 

During the winter the building's thermal conditioning would be solved by means of passive 
solar systems. The building is characterized by diiect solar gain combined with storage 
mass in floors and walls, tlie system being the result of a serious study of all conservation 
aspects. The direct gain area is charactenzed by placing all office, upper windows facing 
north and high transparent areas in the laboratones facmg south. A sun-space included in 
the central part of the building completes 1he 53 rii2 collecting area, figure that 
corresponds to 17% of the buildings useful area. 

4. BUILDING'S THERMAL PERFORMANCE AND WINTER 
PERFORMANCE PREDICTION. 

The Volwnetric Loss Coefficient, according to the buildings construction characteristics is 
1.09 Wf'Cm3 and according to the designed collecting area it results in a solar saving 
fraction of 70% being the auxiliary beat 4114 Kwh for degree-days over a 24 how
heating period. (table 3). The builditig's thermal ~rfonnance was simwated from Augus. t 
1st thioUgh standard computer modeTs (SIMED~J, calculating tem:Qerature evolution in 
rooms and walls by means of a scheme in finite differences[2l. Meteorological data 
considered were: 9,6 MJ global radiation over a horizontal area, f 6,5 8,4 and 1,7° C as 
maximun, mean and minimWl temperatures respectively. Considering an increase of 3°C in 
the indoor temP.eratures as a result of internal energy contnbutio~ indoor mean 
temJ>eratures in the offices and laboratories would reach l 8.5°C to 20°C and 17 .8°C to 
18.7°C at 10 a.m. and 2 p.m. respectively. The thermal performance would show an 
important stabilify dwing the simulated stage in which the indoor thermal amplitude would 
not exceed 6°C Whereas outdoors it would reach J 9°C. 
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5. PASSIVE COOLJNG AND VENTILATION SYSTEMS. 

Advantages in ventilation, cooling and air speed increase are added to the architectural 
design of the build.in_g. The non residential building had to be aired and cooled during the 
swnmer avoiding voli.Jntary opening of windows at night for safety reasons and for the risk 
of incidental stonns common to the season. A passive cooling system was chosen 
characterized by earth coupled masonry ducts allowing natural ventilation thro~ suction 
cowls placed on the roof: Th.is technique uses the earth as a heat sink for tile air that 
circulates to the building driven by pressure differences between air input areas 
surrounding the building and air output areas consisting in static suction ducts placed on 
roofs. A small wooden window indicates the existence of a duct in each office. The area 
was calculated taking into account the required ventilation for offices and medium 
smokers (35 m3/hour/person) and the average wind's mean speed in the severest month 
[3].lil order to check the effects of the principal cause of overheating, the facade's 
transparent areas were protected by an eave designed to that pµrpose. A metal structure 
for caducous plants and spray SRririklers would create a microclimate in the surroundings 
favouring evaporative coolirig. To diminish reflectivity on the exterior surfaces~ paved 
areas were replaced by earth slopes up to the building's perimetral wall (Fig. I, 2y J). 
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SECTION B - B 

Fig .2 Cross section 

Fig. 3 North View 

6. BUILDING EXPERIMENTATION AND VALIDATION. 

Y"inter.Perforµiance: The builqing was r~ady for use ~July,_ 1995. A monitoM.g plan was 
tmmediately un__plemented, withiit real m-1:JSe conditions, m order to quantity thermal 
performan~. To ~sess the exten9r ambient temperature data are collected from a 
meteorologl~~ station placed at a distance of 190 m. fro!ll the building, with the aid of a 
Data Aqws1tlon System (METOS 93) and with the aid of temperature and humidity 
sensors, the first hourly measurements were taken over a long time span in one of the 
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offices. While assessing the sector's perfonnance within in-use conditions it is important to 
lmow. how energy control mechanisms were operated by users.·. According to a report 
subtrutted by users, there was no need of a~ heat, with shutters rolled up at 8 a.m. 
and. down at ~ p.m., tim~ span which had been used to simulate thennal P.erfonnance 
dunng the des1gp stage. Fig. 4 shows the indoor thermal performance for the first days of 
August. It can . be observed an important correlation between values obtained through 
thermal simulation and those recorded via the Data Aguisition ~stem. Thennal amplituoe 
values obtained durin_g the period were: 6°C (indoors) and l 9°C (outdoors). According to 
Givoni's l3ioclimatic Diagram, the relative temperature and humidity in the assessed office 
would be included within winter's comfort area. 

'Winter 

Surnrner 

Fig.4.Builging's Thermal Perfomance: Winter and Swnmer Assessment 

Summer Performance : During the summer the assessment sector was extended to the 
building's east area. With a Data Aquisition System (BA.PT) monitoring within in-use 
conditions was started in February for a Reriod of 15 days. Incfoor te.mperatures recorded1 without artificial conditioning were 27,4 C (maximtun) and 26,6°C (minimum). Figure '+ 
shows the av_erage of results obtainl:'.d for the o~ce se.ctor in. the p~riod 21~4196 to 
2118/96. VenttJauon, aP.art from renewmg polluted atr and mcreasrng the mdoor arr s~ed, 
aJso helps to cool bUila.iogs during the summer nights. For f ,2 met metabolic activi an 
increase of 0,2m/sec. in air speed means a decrease of the recorded temperature of 1° [4]. 
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The interaction of natural ventilation and cooling systems was one of the aims 9f the 
Q.TOjec~ an~ it. w. ~ vi~ earth coupled ducts that it was .tried and t~sted. According to 
Givoru's b10climattc diagram the values rea~hed for the 1qdo9r amb1ep~ tt'.mperature ~e 
right in the comfort area's. boundary, without any artifi<;:1al . condit1orung. lnclud:jng 
ventilation as part of the coohng system fav. otµ"S comfort. Talcing mto accol!Ilt the effec~ve 
temperature diagram and average comfort m summer for an aver~e mdoor ambient 
temperature of 27°C (monitoring Reriod) and a relatjve humidiD' of 50 Yo, corresponds an 
effective temperature of 22°C and 90% of users are m comfort m swnmer[ 4] . 

7. FINANCIAL ASSESSMENT. 

BiocJimatic construction results 9,5% more e~ensive than traditional construction without 
central heating; but if central heating is added, the difference decreases to 5,3% and if 
central cooling systems are added., bioclimatic construction results only 1 % more 
e~~ensive th.an traCl.itional ones. As regards total _prices, carpen~ and glass have a bearing 
of 60% on the whole, corresponding the other 40% to thermal insulation_ 

8. CONCLUSIONS 

The Passive Solar Building_ constructed for the College of Agronornical Engineering, is the 
first non residential, state -funded building for research purposes of its kind. Under these 
circumstances, havi11g a limited budget, a twelve-month construction stageJollowing strict 
bioclimatic design g)Jidelines and taking into account the risks that au public works 
pres@pose, the reslilts of the first measurements, as well as users'opinions were highly 
satisfactory. Users and maintenance personnel's good disposition to analyse and apRIY. the 
advice presented in the User's Manual, favoured the thennal performance of the oUililing. 
Passive solar heating does not appear as critical, existing ilie possibility to transfer the 
technology used without major problems. The selected carpentry seems to be satisfactory. 
For the concluded period (August-June), the actual solar saving fraction would be higher 
than the estimated one: 2.5 gas bottles used as compared to the 5.5 estimated for the 
period, support the system's performance. From the financial point of view the passive 
cooling system adopted has proved to be tl}e app!opriate one, enabling the building to cool 
naturally. Reassessing weak and strong pomts will be a future challenge. 
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