
Work Package 2: Performance of naturally ventilated buildings

Detailed Monitoring Report
Portland Street Low Energy Building, University of Portsmouth

(GB3)
MK White, M Kolokotroni, BC Webb, R Shaw and MDAES Perera

Building Research Establishment
Indoor Environment Division

Table of contents

1. INTRODUCTION...................................................................................................................................2

2. THE PORTLAND BUILDING...................................................................................................................3

3. ENVIRONMENTAL MONITORING ............................................................................................................3

3.1 Winter ..........................................................................................................................................3
3.2 Summer .......................................................................................................................................4

4. RESULTS OF THE ENVIRONMENTAL MONITORING ..................................................................................5

4.1 First floor rooms...........................................................................................................................5
4.2 Second floor rooms ...................................................................................................................11
4.3 Staircases - Ventilation towers, Winter measurements.............................................................12

5. NIGHT COOLING ...............................................................................................................................13

6. CONCLUSIONS .................................................................................................................................16

7. REFERENCES...................................................................................................................................17



Portland Street Low Energy Building, University of Portsmouth (GB3) 2/17

1. Introduction

NatventTM is a Pan-European research project aimed at providing solutions to technical
barriers which prevent the uptake of natural ventilation and low energy cooling for office-type
buildings in countries with moderate and cold climates. It will also encourage and accelerate
the use of  natural ventilation and ‘smart’ controls as the main design option in new designs
and major refurbishments.

As part of the project and to gain a better understanding of the applicability and limitations of
natural ventilation strategies, nineteen buildings, purposely built to incorporate a low energy
ventilation strategy, are being studied in seven European countries. Of these the Portland
Street Building housing the Faculty of the Built Environment is one of three buildings being
studied in the UK. This is a naturally ventilated building with several ventilation towers
which draw air into the staircases via ceiling plenums on each floor.

Within NatventTM a monitoring protocol has been developed so that a basic assessment of the
ventilation strategy can be carried out with the minimum of monitoring; typically one week in
summer and winter.

During winter, the main focus is to examine whether acceptable indoor air quality (IAQ) is
provided and whether the airflow rates are kept within a reasonable range to (a) avoid
discomfort due to draughts and (b) minimise excess energy required to heat incoming air.

In the summer the assessment focuses on whether comfort temperatures are established and
whether maximum exchange of heat between the building structure and the outside air is
achieved, during the day or especially at night when the outside is relatively cold. In summer,
the control of air flows on its own is not so important so long as it does not result in
excessively draughty conditions.

The following parameters were measured:

• Internal and external CO2 concentrations (to be used as the main general indicator for
IAQ assessment),

• Internal and external water vapour levels (to be used as a secondary indicator for IAQ
assessment),

• Fresh air flow rates, local wind speed and direction (to evaluate the fresh air provided),

• Internal and external air temperature and internal globe temperature (to assess thermal
comfort).

Also monitored during these periods were temperatures in the floor slabs and staircases
(towers). This was so an assessment of  the stack effect and nightcooling strategy might be
made.

Fresh air flowrates are difficult to measure continuously in naturally ventilated spaces. This
has been addressed in the NatVenttm project by the use of the constant concentration
technique. This technique involves the use of automated equipment to inject tracer gas into
the spaces being monitored to a specified concentration and to maintain this concentration
throughout the period of interest. The level of fresh air entering the space can be calculated by
measuring the amount of gas required to be injected to maintain the required concentration
level. As the concentration of tracer gas is kept the same in all the spaces, the air flow rate
consists only of that coming from outside.
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2. The Portland Building

The Portland Building (Figure 1) was designed by the Hampshire County Council Architects
department. It is a four storey E-shaped building. The upper and lower wings contain teaching
rooms and offices, the central wing contains the main lecture theatre above a ground floor
restaurant. The main spine of the building houses a resource centre. Between the resource
centre and the wings there is a full height atrium.

The building is primarily naturally ventilated with a combination of single-sided, cross- and
stack-ventilation. The area of interest for this study is the ‘office and seminar’ wing which
forms the southern wing of the E. Natural ventilation is achieved via openable windows in all
rooms some of which are connected to the staircases which are glazed at the top to form
‘towers’ via a plenum in the corridor ceiling. All windows also have trickle ventilators and
blinds. The building has a heavyweight construction with exposed thermal mass and night
cooling is an option. The ‘Towers’ also have fans to assist with night purging if necessary.

The internal design conditions are:

• For winter, 20 oC and 40 % RH minimum,

• For summer, 25 oC (external 27 oC) and 65 % RH.

Figure 1: External view of the Portland Building

3. Environmental monitoring

3.1 Winter

Winter monitoring at the Portland Street Building was carried out in February 1997 in three
rooms located on the first and second floor of the ‘office and seminar’ wing of the building,
see Figure 2. The first floor has a central spinal corridor running east/west, the rooms that
were monitored were an office on the north side of the corridor and a seminar room on the
south side. On the second floor the central corridor opens out into an open plan studio, the
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monitored rooms were an office on the north side of the open plan area and a seminar room at
the south west end of the open plan area.
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Figure 2: Portland Building, diagram of the first and second floor monitored rooms

The offices on both floors have single-sided ventilation through windows and trickle
ventilators. The seminar rooms are cross ventilated by windows and trickle ventilators on the
external wall and the corridor ceiling plenum which connects the space with the staircases.

The rooms were monitored for a period during February 97. The monitoring period was split
into two sections, during the first section the second floor offices were monitored, the first
floor offices were monitored during the second section.

3.2 Summer

Summer monitoring at the Portland Street Building was carried out in June 1997. For this part
of the study only the rooms on the first floor were monitored.
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4. Results of the environmental monitoring

4.1 First floor rooms

First floor seminar room

Air change rate

Winter:  Figure 3 shows air change rates for the two rooms on the first floor. The values for
the seminar room peak at 18 h-1, with an average of  7.5 h-1. There are periods where high
ventilation rate coincides with increased occupancy. An analysis of the wind speed and
direction data and the background air flow rates do not show any obvious relationship.
However, a gradual reduction in air change rate is observed on the 12th and early on the 13th

coincident with reduced wind speed.

Summer: Figure 4 shows air change rates for the two first floor rooms during the summer
period. The values for the seminar room peak at about 18 h-1, with an average of 2.5 h-1.
However, the low average air change is due to less frequent window opening. And thermal
comfort conditions were maintained.
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Figure 3: Winter, air change rates in 1st floor office and seminar room
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Figure 4: Summer, air change rates in 1st floor rooms.

Carbon dioxide and relative humidity

Winter:  Figure 5 shows CO2 levels for both rooms on the first floor. The concentrations for
the seminar room peaked at 2200 ppm on one occasion when the room was occupied and
when the windows were opened levels soon dropped back to below 1000 ppm. At other times
concentrations were generally maintained at below 1000 ppm.
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Figure 5: Winter, carbon dioxide concentrations in 1st floor office and seminar room

Figure 6 shows relative humidity for both the rooms. In the seminar room humidity levels
peak at about 65% and fall to just above 40 %.
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Figure 6: Winter, relative humidities in 1st floor office and seminar rooms

Summer: Figure 7 shows CO2 levels in both rooms. in the seminar room level peak at above
1000 ppm on just two occasions for a short period of time, at all other times the peak
concentration is generally between 600 and 800 ppm showing that the stack driven ventilation
was in use and effective.
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Figure 7: Summer, carbon dioxide concentrations in 1st floor rooms
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Figure 8 shows relative humidity in both rooms. In the seminar room %RH reaches a peak of
just over 60 %, and is generally  between 45 and 55 %.
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Figure 8: Summer, relative humidities in 1st floor rooms

Temperatures

Winter:  Figure 9 shows the external and internal air temperatures and globe temperature for
the seminar room.  Internal temperatures fell below the design value by about 3 oC, the
heating system was not fully commissioned at the time of monitoring.There is some evidence
of solar gains giving rise to higher temperatures on some days.
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Figure 9: Winter, external air and internal air and globe temperature for 1st floor seminar room
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Summer: Figure 10 shows the temperatures for both rooms for the whole monitoring period.
The design value of 25oC was not exceeded even though the external design value of 27 oC
was exceeded on many occasions. Globe temperature was lower by an average of 1 to 2 oC,
indicating the effect of thermal mass.
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Figure 10: Summer, external air and internal air and globe temperatures for first floor rooms

First floor office

Air change rate

Winter:  Figure 3 shows the air change rates for the two first floor rooms. The air change rate
peaked at about 2.5 h-1, with an average of 0.7 h-1 over the whole period. This is much lower
than that recorded in the seminar room. A possible explanation is that the office is usually
closed even when occupied and has single sided ventilation, whereas the seminar room has
cross ventilation and when occupied probably has the corridor door open as well as the
windows. There are periods when the higher ventilation rates coincide with occupancy.

Summer: Figure 4 shows the air change rates over the summer monitoring period. The air
change rate peaks at about 6 h-1, with an average of about 0.5 h-1. The data does show
increased air change rate during occupied periods and generally thermal comfort was
maintained.

Carbon dioxide and relative humidity

Winter: Figure 5 shows CO2 concentrations in the first floor office. Concentrations peak at
about 1000 ppm and are generally lower at about 500 to 750 ppm. The data shows evidence of
occupation with concentrations rising during weekday daytime hours.

Figure 6 shows relative humidity for the office, levels peak at about 55 % and fall to about 40
%.

Summer: Figure 7 shows summer CO2 concentrations in the office. Concentrations peak at
about 1400 ppm on two occasions, at other times concentrations generally peak at between
800 to 1000 ppm.

Figure 8 shows relative humidity in the office during the sumer monitoring period. %Rh is
generally within the range 45 to 60 % and does not exceed the 65 % design value.



Portland Street Low Energy Building, University of Portsmouth (GB3) 10/17

0

200

400

600

800

1000

1200

1400

1600

1800

04/02/97 15:51 05/02/97 19:54 07/02/97 00:07 08/02/97 04:10 09/02/97 08:15 10/02/97 12:21

Date/Time

C
ar

bo
n 

di
ox

id
e 

(p
pm

)

CO2 2nd floor office CO2 2nd floor seminar

Figure 11: Winter, carbon dioxide concentrations in 2nd floor rooms

Temperatures

Winter:  Figure 12 shows the external and internal air temperatures and globe temperature for
the first floor office. These are similar to those recorded in the seminar room. Internal
temperatures fell below the design value by about 3 oC, the heating system was not fully
commissioned at the time of monitoring.
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Figure 12: Winter, external air and internal air and globe temperatures for 1st floor office

Summer: Figure 10 shows the temperatures for the first floor office, . The design value of
25oC was not exceeded even though the external design value of 27 oC was exceeded on many
occasions. The measured ventilation rates in this room are low which would appear to
contradict the temperature data, however, the room is on the northern side of the building and
so does not suffer from high solar gain, also the thermal mass of the building acts to keep
temperatures down. Globe temperature was lower by an average of 1 to 2 oC, indicating the
effect of thermal mass.
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4.2 Second floor rooms

The two rooms on the second floor were monitored only during the winter. Due to technical
problems the air change rate data was not available and was not included in this report.

Second floor seminar room

Carbon dioxide and relative humidity

Figure 11 shows the CO2 concentrations recorded in the second floor seminar room.
Concentrations peak at about 1600 ppm on one occasion and at about 1400 ppm on another
occasion when the room was occupied. However, generally concentrations are below 1000
ppm, this may be due to low occupancy.
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Figure 13: Winter, relative humidity in the 2nd floor rooms

Figure 13 shows the relative humidity recorded in the second floor seminar room. %RH levels
are generally above the 40 % minimum design value.

Temperatures

Figure 14 shows the temperatures recorded in the second floor rooms. In the second floor
seminar room temperatures fell below the 20 oC minimum, at the time the monitoring was
carried out the heating system was not fully operational.

Globe temperature was generally lower than air temperature by as much as 4 oC in some
instances, indicating the effect of thermal mass.

Second floor office

Carbon dioxide and relative humidity
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Figure 11 shows the CO2 concentration in the second floor office. Concentrations peaked at
about 1250 ppm during occupancy. Generally concentrations were below 1000 ppm.

Figure 13 shows the relative humidity measured in the office. %Rh levels generally ranged
between 40 and 55 %.
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Figure 14: Winter, external air and internal air and globe temperatures in tthe 2nd floor rooms

Temperatures

Figure 14 shows the temperature measured in the office. Temperatures did fall below the 20
oC design value for the reason given above. Globe temperatures were lower by about 1oC.

4.3 Staircases - Ventilation towers, Winter measurements

Figure 15 shows the internal air temperatures in one of the staircases that is connected to the
seminar rooms via the corridor ceiling plenum. Air temperatures are shown at the level of
each of the three floors together with the external air temperature and slab temperature in an
office at second floor level (note different scale for internal and external temperatures). from
the internal air temperature graphs we can see the stratification of air in the staircase as hot air
rises to exhaust at the top. it is expected that this effect will be more prominent in the summer
period and facilitate the ventilation of the seminar rooms during hot still days.

The slab temperature shows the effect of the thermal mass attenuating the influence of
external conditions. there exists a definite diurnal time lag between slab temperature and
external air temperature. The peak slab temperature is slightly higher on the 12th than on the
11th, indicating influence from the higher external temperature on the previous day. The peak
slab temperature has decreased on the 13th indicating the influence of the relatively lower
external maximum temperatures on the 12th.

There is also a time lag of a few hours of the internal air temperature compared with the
external air temperature. This is most likely due to the effect of the lower temperatures in the
slab combined with the large time lag in slab temperatures. This time lag will contribute to
moderating the influence of external conditions and internal heat gains to maintain internal
comfort temperatures in the summer.
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Figure 15: Winter, external and staircase air temperatures with 2nd floor slab temperature

5. Night cooling

Night cooling , sometimes called night ventilation, is a method used to improve comfort by
enhancing cooling to occupants during the day. This is achieved by ventilating the building at
night to cool down the building fabric which can then absorb the heat of the day. This can
enhance comfort by:

1. reducing rises in indoor air temperature,

2. reducing surface temperatures, and

3. off-setting the maximum indoor air temperature till later in the day, possibly until after
working hours.

Night ventilation is provided to all areas via trickle ventilators and the natural air extract paths
, which can be supplemented by fans in the towers if necessary. The three lower floors in the
wing are connected to the staircases, the top floor is mainly cross ventilated via clerestory
windows. This floor has a timber roof and glazing and so has less exposed thermal mass than
other parts of the building.

Figure 16 shows internal, external and slab temperatures in the monitored first floor office for
three summer months in 1997. It shows that the slab temperatures can be as much as 2 oC
lower than indoor air temperature during hot periods. The slab and air temperatures show a
much lower variation in amplitude than the external temperature, extremes of external
temperature do not occur internally. There is also a time lag between internal and slab
temperatures and the external temperature.

Figures 17 to 19 show temperature profiles for five days for three external temperature
sequences as follows:

• In Figure 17, external air temperatures are relatively high, exceeding 30oC on two days.
Internal temperatures on the first floor are very stable and the external temperature peaks
are reduced by a maximum of 8°C in the case of air temperature and 10oC in the case of
slab temperature. On the third floor, however, although internal temperatures have
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remained lower than the external during the hot days, they have exceeded the external on
other occasions. This is possibly due to solar gains.  From this, it can be concluded that for
such a weather scenario the high thermal mass of the first floor coupled with better solar
protection and night ventilation through the stairwell have achieved a better internal
environment than on the third floor.
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Figure 16: Internal and external air temperatures and internal slab temperatures over three
months in summer 1997
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Figure 17: Internal and external air temperatures and internal slab temperatures over five
weekdays with high external temperatures during summer 1997

• In Figure 18, external air temperatures are more typical of summer conditions with peaks
at around 28oC followed by a colder spell at the end of the week.  In this case also, air and
slab temperatures are more stable on the first floor.  Temperature fluctuations are larger on
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the third floor where temperatures follow more closely the external variations.  This has
led to low temperatures on Thursday when a combination of low external temperature and
cloud has resulted in low heat gains so that internal comfort was not established.
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Figure 18: Internal and external air temperatures and internal slab temperatures over five
weekdays with typical external conditions during summer 1997

• In Figure 19, external air temperatures are relatively low with maximum peaks at about
25oC and some days with peak external temperatures as low as 20oC. In this case, the
thermal mass on the first floor combined with night ventilation has resulted in very low
internal air and slab temperatures.  However, the solar gains on the third floor have
maintained comfortable temperatures for most of the days.

 Therefore, it can be concluded that although thermal mass and night ventilation can reduce the
effect of external hot weather and establish comfort in the building, care should be taken so
that appropriate mechanisms are set in place in the form of manual or BEMs control so that
the benefits  are not offset by overcooling the building during cold spells.

 The above observations have indicated that night ventilation can be used in low energy
buildings as the first means to reduce internal temperatures and establish comfort conditions.
Research and practical applications [1,5] have shown that it can be a very successful
technique to minimise or avoid the use of air conditioning leading to considerable savings in
CO2 emissions.  However, designers need to be persuaded that this is a suitable technique for
their particular application and to be shown that the technique will improve the internal
environment and lead to corresponding energy savings without compromising occupant
comfort.  They also need to have guidance on simple control mechanisms so that pitfalls of
too cool conditions can be avoided.
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Figure 19: Internal and external air temperatures and internal slab temperatures over five
weekdays with relatively low external temperatures during summer 1997

6. Conclusions

Winter monitoring results indicate that the natural ventilation strategy provides a satisfactory
indoor air quality as intended by the design. CO2 and humidity levels are within acceptable
values and  comfortable temperatures were recorded albeit with comparitively high fresh air
ventilation rates. There are also positive indications for the performance of thermal mass for
summer cooling and the role of the staircases for providing stack ventilation.

In conclusion, the winter measured data indicate:

• adequate ventilation is provided,

• comfort internal temperatures are maintained. There were some low temperatures on the
1st floor,

• high thermal mass ensures thermal stability.

During the summer the short term monitoring on the first floor indicates that generally
thermal comfort is maintained, CO2 and relative humidity levels are within acceptable
specified limits and that acceptable fresh air ventilation rates were achieved. however, on
some occasions internal temperatures were low due to over-cooling at night time.

In conclusion, the summer measured data indicate:

• acceptable ventilation is provided,

• comfortable internal temperatures are maintained, however on some occasions
overcooling took place on the first floor,

During the summer period the measured temperature data indicate that high thermal mass on
the first and second floor ensure thermal stability.  However, because there is no control
system some low temperatures were observed during cold weather.  On the contrary, the
highly glazed low thermal mass third floor (also without connection to the stairwell, ie no
night ventilation) suffers from high internal temperatures during hot external weather.
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