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Abstract— The paper presents the main results obtained in a
Higher School Building, which are analyzed in viewof the
actual Indoor Environmental Quality (IEQ) and Energy
Efficiency. Measurements were carried out in one hlding,
ventilated by mechanical system. Direct measurementwere
made with portable monitoring data loggers and in eme long-

term measurements. The students assessed through

questionnaires the IEQ parameters felt in the clagsoms a few
moments before the end of the class. The IEQ in
higher/university schools buildings has been fountb be poor
because of the high density of students in class ams. In
particular, the Indoor Air Quality is a significant issue for
these buildings in order to be healthy and comfortble for
learning performance of students.

Keywords- Indoor Environmental Quality (IEQ), Indoor Air
Quality (IAQ), Building Simulation, Thermal Comfort, School
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. INTRODUCTION
The sector of buildings is, on a global scale, oh¢he

largest energy consumers (together with transpod a

industry sectors), becoming essential to ensureigheh
energetic and environmental efficiency, thermal faytrand
health conditions. Due to high energy prices peaple
increasingly isolating the buildings and reducinge t
ventilation rate.

Therefore, it is essential to ensure that they awgitheir
energy and environmental efficiencies, but whilesugimg
the health conditions. Today we spend 90% of ooneti
inside buildings [1][2][3]. The quality of envirorent air
(outdoor) in cities of developed countries has owpd
greatly in recent decades. During this same peri&@

There are some investigations that point to lack of
knowledge about the effects of poor environmental
conditions in classrooms, considering that thisetypf
researches found inadequate school environmental
conditions, far worse than in office buildings [&[7][8][9].

A. Indoor Environmental Quality (IEQ) and Energy
Efficiency

The international standard ISO 7730:2005 [10],
developed in parallel with the revised ASHRAE Sa&nsiard
[11], considers that a room provides thermal comifonot
more than 10% of its occupants feel discomfort [T2jese
studies establish a relationship between the owcofrthe
energy balance of the body and the trend of difaation.
ISO 7730 standardizes the PMV (Predicted Mean Vatel)
PPD (Predicted Percentage of Dissatisfaction) esrtethod
for evaluation of moderate thermal environments.e Th
standard recommendation for an acceptable envirohise
0,5 < PMV < 0,5; PPD < 10 %. Besides the geneeintial
state of the body, a person may find the thermarenment
unacceptable or intolerable if local influencestba body
from asymmetric radiation, high air velocities, tieal air
temperature differences or contact with hot or caldaces
are experienced. It was found that persons withetow
activity levels (sedentary or standing) are sersitto
draughts, a undesired local cooling of the humadybo
caused by air movement. Occupants who are subj¢oted
draughts in winter tend to elevate the room tentpegato
counteract the cooling sensation thereby increashey
energy consumption. In extreme cases ventilatistesys
are shut off or air supply outlets are blocked wfth a
consequent deterioration of the indoor air qualfganger
[12] developed a mathematical model to quantifydtaeught

decreased because of energy conservation, reducgdk in terms of the percentage of dissatisfiedpteoln this

ventilation and the introduction of new materiatsl anew
sources of indoor pollution. The growing demand léawver
energy consumption of buildings resulted in theuotidn of
heat loss due to transmission by transforming thilings
into closed buildings where the ventilation ratescdime
lower. This fact and the introduction of new builgli
materials can often lead to unacceptable levela@f[4].
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model, the percentage of dissatisfied people dukaoghts,
DR (%), is calculated from:

DR = (34-T) (v-009"%% (314+037v) (1)
forv<0,05m/sletDR =0 %
and for DR > 100 % let DR = 100 %.
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where T is the local air temperature (°C), v is thean systems. The study of higher school buildings hageat
velocity (m/s) and | is the turbulence intensity)(%hich is  importance, not only by the large number of buidginn
defined as the velocity fluctuation over the meealogity. Portugal, but also due to the high energy consumptften

The first factor to take into account when carrymg an  with low efficiency. Moreover, their occupationsarsually
analysis of air quality is what are the potentiahtaminants a young population, in the process of academiaitrgiand
that can be found, their concentrations and thecesuof are therefore more aware to these issues. It ithwmticing
origin [13]. the extreme importance of the study to be undentakehis

Ventilation is the process of exchanging indoor airresearch area, because significant numbers of ai@ig in
(polluted) by outside air (presumably fresh andag)e The such buildings are not known, in Portugal. The Sthaf
main objective is to create better conditions farmlans Technology and Management of Polytechnic Institafe
indoors, taking into account the health, comfortd an Leiria (ESTG) has currently about 6000 students and
productivity by providing air to breathe (indooraiwhich  consists of modern buildings (Building A, B, C, B, and
may be through the removal and dilution of pollasathe Library).
removal of pollutants and addition of treated aid &eating
or cooling.

Several authors have published about the effects of
ventilation on health and finds that low ventilaticates can
significantly worsen health outcomes, particulatyhe Sick
Building Syndrome (SBS) [1][2][9][11][15][16][17][8][19]
[20][21].

Evaluation of IAQ in buildings, according to the
Portuguese legal requirements, resulting from the
implementation of European directive for buildingeegy
efficiency, are defined and specified in Regulatéfnergy
Systems and Air Conditioning in Buildings (RSECE2].

For new buildings, IAQ requirements include minimum
values of air exchange (minimum flow of fresh gigr
room, depending on the type of activity, and a maxn
speed of the indoor air (requirement of thermal fowth of
0,2 m/s. For existing buildings, IAQ evaluation Iwikrify
compliance with same requirements, including maxmu Building D (Pedagogic building) - The building i8®L
concentration of pollutants and maintenance ofesystin - m? is a recent building (2004) and has a L-shaped

Figure 1. IPLeiria Plan View of Campus IIBuilding D.

hygienic conditions to ensure the IAQ (Table 1). implantation and have plenty of areas provided wjtiss.
TABLE I. MAXIMUM CONCENTRATIONSREQUIREMENTSOF Tll?]e iEJUIldlng thasfa maxm;um Valencel fg)r tTIS.typaJSé’
POLLUTANTS WITHIN EXISTING BUILDINGS (RSECE)[22] which consists of many cassropm_s, aboratoriesypuaer
rooms, reprography rooms, auditoriums, rooms foragfe,

Pollutants [mg/m® [opm] toilets, coffee-shop/bar area, offices for teachenseting

PMic 0.1* rooms and passage areas. Its ventilation system is
Carbon Dioxid 180 984 mechanical (heating, ventilation and air conditipi
Carbon Monoxid 12.5 10.7 .

Ozone 02 0.1 HVA(;) and has a capacity of '985 occupants.
Formaldehyde 01 0.0¢ Direct measurements Wlth. portable monitoring data
Volatile Organic 0.6 0,26(isobutylene loggers were carried out in tiBeilding D of the Campus I
Compounds ' 0,16 (toluene) of IPL, belonging to ESTG. The measurements wengech

Eﬁﬂg' 5ggOuBFqc/7n3 out in the winter and summer season. Measuremeets w

Bacteri 500 UFC/ I made by Iong_-term continuous and by point samplvm_gu

Legiondla 100 UFC/ L KO portable monitor equipment always following beshgice

recommendations for audits of IEQ and Energy Eficy as

The standard EN 15251:2007 [23] for Indoor envirental ~ Much Portuguese as ISO 7726 [17]. _
input parameters for design and assessment of yenerg ‘The study of indoor environmental quality and egerg
performance of buildings addressing indoor air iggal criciency of buildings —higher education becomes

; e ; increasingly important, not only because of its plaxity
thermal environment, lighting and acoustics. due to various factors, which emphasizes the laugeber of

. TECHNICAL WORK PREPARATION variables that influence performance, as due tsubjective
nature and the fact that the buildings were madeareés
with different purposes often enough and the higimimer of
users. Due to the complexity of this research, ya@ilwas
done into two points of analysis:

1. Energy analysis

2. Analysis of indoor environment quality

This present work consist essentiality in an evaunaof
indoor environmental quality and energy sustaiitgbil
conditions in a college/higher school building dfet
Polytechnic Institute of Leiria, located in a temgde climate
region of Portugal (Figure 1), ventilated by medbah
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lll.  RESULTS
These results reflect the reality found Building D

through direct measurements and questionnaires mau
during one year.

A. Energy analysis

The electric energy consumption duilding D was
compared to one measurement in the power statigard-2
represents the diagram of charges in the building.
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Figure 2. Diagram of charges in the Building D

The measurement of energy consumption on a dail
basis is a reasonable range of recording, it candeel to
distinguish between weekdays and weekends
disaggregating energy end uses is essential tdatalithe
model.

The electric energy consumption verified Buailding D
was dissociated between the computer center, thAG{V
cooling and the rest of the building, as preseiteBigure

B Other
m Cooling
m HVAC

m Computer Centre

Figure 3. Dissociation oBuilding D consumption

The computer model duilding D (Figure 4) is properly
calibrated and validated with the field measwnts as a
way to improve Indoor Environment Quality (IEQhdathe
energy efficiency of the Building.
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Figure 4. View of Building D (DesignBuilder)

The dynamic simulation has four distinct cases:

Case 1.The closest possible to the actual case study (rea
consumption oBuilding D — Calibration Model);

Case 2.The reference values and schedules of the
Portuguese legislation for Higher Education Buitgin
(Spain does not provide recommended values forethes
cases);

Case 3.Conditions optimization (schedules, temperature
set points, computers, office equipment and lightin
improvements, lighting and shadow control).

Case 4.Same conditions as Case 3 but with the reference
schedules of the Portuguese legislation for Hidgtarcation
@uildings.

The different case simulations are performed on

anBesignBuilder / EnergyPlus. The Table Il presents some of

the simulation results.

TABLE II. SIMULATION RESULTS
Simulation results Case1l| Case 2 CaseB  Casel4
CO; (kg)x10% 715,71 | 722,82| 437,93 314,16
Relative Humidity (%) 46 45,94 47,38 48,34
Fanger (PMV) 05 0,45 0,41 0,34
e oy *| 053 | os1 | osa| o

The simulation results (Figure 5) show that appetpr
operational mode could greatly improve the energy
consumption.
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Figure 5. The consumption for the different cases
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B. Indoor Environmental Quality Figures 10 and 11 present according to EN 1525], [23

The values obtained by direct measurements werte subjective results called Expressed Mean ViBié\).
validated by the thermal votes of the students teadhers @ o<emv<02
to the same environment predicted by questionnaires 5
obtaining subjective results. Figures 6 and 7 presér ©
temperature results in the winter and summer season
according to EN 15251[23]. ) N remens
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Figure 6. Temperature values recorded for winter season Zg
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z Figure 11.EMV values recorded for summer season
Field experiments of local thermal comfort critefiased
. in the local air velocity, temperature and the tlebce
° intensity, were used to calculate the draughtinsterms of
(£ =] L [+ } nea . . . .
the percentage of dissatisfied people (DR). Figirend 13
Figure 7. Temperature values recorded for summer season presents an example of air velocity and DR obtaiimed
: - . classroom with different systems of ventilation.
Concerning the thermal comfort conditions, it eealthe Y
analytical determination and interpretation usiatrelation 0o Va (m/s)
of PMV and PPD index and local thermal comfortesr. 0.8
The values of PMV and PPD were calculated with 1.2 g;
met and 1.0 clo (winter season) or 0.5 clo (sumseeson), T s _ i il
and according to the EN 15251 [23] (Figures 8 and 9 > 04 1 T 5ystem HVAC OFF/On
0.3 e
- s 02 B4 .
» . 01 . [ I . =—Natural Ventilation
N 23A=237983398%
SR mhy S saabm o
Time (i |
: Figure 12.Typical air velocity
Figure 8. PMV values recorded for winter season e Draught
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b g 40.0 1.4 System HVAC Off/On
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10 0.0 — ""MI l
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Figure 9. PMV values recorded for summer season Figure 13. Percentage of dissatisfied due to draught risk
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Concerning the indoor air quality evaluations,
representative typical example of experimental, ®&lues
obtained in some classrooms is presented in Fitdifer a
classroom in a building with natural ventilationpr f
discontinuous HVAC conditions (because the system t
on and off all day), and for a HVAC Off/On condit®
(which mean that the system has off until the nedufi the
day and after it has turn on).

3000

2500

2000

——— Natural ventilation
conditions

1500

€O, [ppm]

1000 +— ——— Discontinuous

HVAC conditions
500 et VNS~

HVAC Off/On
0 conditions

Time (hh:mm)
Figure 14.Experimental CQ@values

As expected, the concentration of £énd the relative
humidity changes according to the occupancy caovthti
(number of peoples and length of time).

Furthermore, the EN 15251 [23] suggest severaldenie

CO, above outdoor, corresponding to different quality

categories. For winter season

the average of the

IV. DISCUSSIONAND CONCLUSION

The measurements made during this study allow us to
reach the following conclusions:

There are some building intrinsic properties, whadfect
the internal conditions but another key aspect he t
behaviour of the occupants and their actions tffattathe
internal conditions.

The dissatisfaction due to draught is caused, imyma
cases, by air velocity and turbulence intensity.

Results show and demonstrate that ventilation @rg
important issue. Different operating modes canvdelito
different results which might lead to take decisionften
unsatisfactory. The recommended solution is theritlyb
ventilation systems. The key problem is to prouide total
control system, sufficient but not excessive vatith, avoid
drafts, etc.

Comparing the ventilation rates achieved, represehy
air changes per hour, with the ones recommended by
standards, and due to relative errors, it was coled that
the temperature of air, carbon dioxide levels, faidehyde,
bacteria, fungi and air change rates are many tiates
unacceptable levels. The measurements made indicetes
convenient to maintain the temperature and reldtivaidity
of the buildings on lower levels of thermal comfort

The objective and subjective results obtained instudy,
allow us to state that the building has acceptéhlels for
different environmental factors.

Is also clear that modelling is a very importarthaty for

measurements GQoutdoor was equal to 458 ppm and for g stainable construction engineering. However ettstitl a

summer season the average measurements gb@@oor
was 401 ppm (Figures 15 and 16).
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Figure 15.CQ; values recorded for winter season

70

60

50

40

30

20

inm
0

350-500 PPM

(%)

500-800 PPM >800PPM

Figure 16.CO; values recorded for summer season

In the indoor environment of classrooms in wintbere
are high concentrations of GO
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set of important problems. The full integrationenfergy and
indoor environmental quality modelling and desigojects,
requires the integration of additional processesd an
especially, more research regarding how to makésides,
and in the manner of how the results of modelliag kelp to
make choices in this type of buildings.

The Building Management System (BMS) should be able
to respond to these dynamics (the indoor air teatpes,
CO, level, the automatic control of naturally ventdt
building, occupancy, humidity, rain detection, a@dgs air
temperature, wind speed and wind direction sensord)be
capable of a resolution to operate both in the caéigh
occupancy (high density), as in the cases of losupancy
(low density).

More efficient temperature set points can reduce th
energy consumption of Higher Education Buildings.
Therefore, efforts should be made to reach newerte
standard values. The simulations show that smalhgbs
have quick paybacks. We can reach over the 50% of
improvement (Case 4).

New energy efficient technologies are needed tdemeh
the new directives; the development may require an
understanding of the mechanisms by which the indoor
environmental quality affects humans.
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