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Abstract .

A novel ventilation system has been installed in build-
ings constructed for the New Campus of the University
of Nottingham. Super-efficient mechanical ventilation
has been used as part of an integrated environmental
strategy and operates with fan input powers below
0.5 W.I-1.s71 of airflow. The complete plant was assem-
bled from innovative low-pressure components and has
exceptional performance. A key element of the design is
that components of the system are bypassed when notin
use. At the heart of the system is a low-velocity, high-
efficiency thermal wheel. Evaporative cooling reduces
summertime peak temperatures. A tracking wind-as-
sisted exhaust cowl further reduces the dependence on
fan power. The low fan power requirement is matched
by a 450-m?2 photo-voltaic array effectively giving zero

energy ventilation.
Copyright®© 2000 S. Karger AG, Basel

Introduction

Super-efficient mechanical ventilation (SEMV) can be
described as a total design approach which takes account
of: (1) thermal comfort, (2) energy consumption and
(3) optimal plant operation.

The key features of such a design are low-pressure-loss
plant components and distribution systems coupled with
optimal control strategies to bypass the high-pressure
components whenever possible. If advantage can be taken
of natural phenomena such as wind or solar power in the
design strategy then so much the better. Fan power should
be less than 1 W-1-1.s-! of airflow. In reality, it is far easi-
er to define the criteria for such a system than to apply the
design to a real situation. Components which have low
pressure loss and work at low velocity must be large and at
the present time innovative. To design such a system, con-
ventional wisdom has to be abandoned in favour of radi-
cal new thinking for the integration and application of
SEMYV into a building.

This paper describes the application of SEMV to the
faculty buildings at the new ‘green’ campus for the Uni-
versity of Nottingham which are due for completion for
the academic year 1999-2000. The campushas been con-
structed on a former industrial site within a mile of the
existing university campus. Construction is underway,
and the first buildings became available for occupation in
August 1999. The new campus was planned on the site of
the old Raleigh bicycle factory, a brown field site separat-
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ing an intensely industrial area from suburban housing.
At completion, the site will be landscaped with a new lake
and wilderness area, designed to maximise both public
amenity and re-introduce wildlife. The university intends
to make the new campus a model sustainable develop-
ment for the Midlands, setting an example to the large
number of students passing through the campus, making
this project of unique value by disseminating both envi-
ronmental awareness and state-of-the-art civic solutions.

The New Campus with SEMV in Context

The principal innovative feature of the SEMV system
used for the campus buildings is the operation in mixed
mode. The background to the design is the recent comple-
tion and subsequent monitoring of one of the largest natu-
rally ventilated office building complexes in the UK — the
50,000-m? Inland Revenue Office in Nottingham. Feed-
back from the operation of this building, together with the
conclusions of two successive EEC 11 Solar House Joule
research projects [1, 2] into low-energy work space, indi-
cated that both internal comfort conditions and annual
energy consumption could be improved through mechan-
ically assisted ventilation with heat recovery.

The addition of low-pressure-drop air distribution sys-
tems and heat exchangers assists with providing adequate
minimum ventilation to deep-plan areas and partitioned
cellular rooms, simultaneously minimising energy loss
through heated or cooled ventilation exhaust air.

In the design, providing the fresh air intake at roof lev-
el avoids street level pollution, and the addition of a heat
recovery unit enables 100% fresh air to be supplied to all
interior volumes without any re-circulation. This avoids
excessive energy penalties and creates a healthier internal
environment. All the faculty buildings incorporate track-
ing wind cowls to reduce the requirement for electric fan
operation to supply the motive power for air extract.

Photo-voltaic cells were incorporated into the glazed
roof of the atrium. These are of a size to meet the annual
electrical consumption of the supply and extract fans. The
addition of a climatically responsive facade system with
light/shade shelves was made to increase internal daylight
levels, at the same time reducing overheating through
solar gain in the summer. Daylight sensors were used to
minimise the use of artificial light and so reduce the heat-
ing and cooling loads at the same time as reducing the
amount of electrical energy used for lighting.

In summer, exposed thermally massive concrete floor
slabs will be used to store coolness from night to day,
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creating cooler internal conditions than outside the build-
ing. Evaporative wet-pack humidifiers integrated within
the low-pressure-drop air distribution system will provide
passive summer comfort cooling.

It is expected that the mixed-mode ventilation systems
will combine all the advantages of natural ventilation,
without the penalty of high electrical consumption nor-
mally associated with mechanical ventilation, because the
annual electrical energy demand for the air distribution
fans is provided by the photo-voltaic cells. This combina-
tion of low-pressure-loss components should result in a
building that uses no more electricity than a naturally
ventilated building, minimises the thermal energy loss
through ventilation in winter due to the heat recovery
facility, stays cooler in summer through passive evapora-
tive cooling systems and provides significantly improved
comfort conditions all year round.

Working towards Zero-Energy-Intake Buildings

The environmental control strategy was conceived
around current research and development in buildings
that require minimal energy to be imported in order to
maintain a comfortable internal working environment.

The results from dynamic thermal modelling and work
on the Joule 11 Solar House project have shown that
‘forced’ ventilation systems are the most efficient way to
ventilate densely occupied buildings in winter and sum-
mer. They provide greater control of ventilation rates in
all areas of the building, ensuring that adequate air move-
ment and hygiene standards are maintained. Energy con-
sumed in winter can be minimised because the heat gener-
ated by the sources (people, machines, lights, solar gains)
can be recovered and used to heat the incoming fresh air.

In summer, the evaporative cooling and thermal wheel
heat transfer system, working with the under-floor air sup-
ply and thermally massive slabs and night cooling ventila-
tion, provides up to 5 °C of passive cooling.

It would be difficult in a naturally ventilated building
to provide these benefits. In such buildings, ventilation
rates are inconsistent and difficult to control, and heat
recovery is not possible.

In the mixed-mode ventilation system, the forced ven-
tilation systems are supplemented by the ability of the

“building’s occupants to open windows when desired. Oc-
cupant briefing sessions advise that they should not do
this during peak summer and winter conditions since
keeping windows shut will actually provide a more com-
fortable internal working environment.

Berry



Table 1. Benefits from the passive wind cowl

Wind speed

Wind velacity U (m/s) Hours Cp Pressure Annual
0 10 20 30 40 m-s-! per vear gain, Pa energy, kWh
(e o VLS T AT 3 ,
1 0.5 3.0 -0.02 0.0 0.0
—0.11 1.5 667.0 -0.07 -0.1 0.3
1 2.5 759.5 -0.11 -0.4 1.4
1 3.5 606.5 -0.14 -1.1 2.8
0.2 ] 4.5 604.5 -0.17 -2.1 5.7
gl 5.5 555.5 -0.20 -37 9.0
~0.3 4 6.5 424.0 -0.23 -5.8 10.8
] 7.5 284.0 -0.25 -8.4 10.5
Hint 3 8.5 193.5 -0.27 -11.6 9.9
; 9.5 142.5 -0.28 -15.3 9.6
4 10.5 75.0 -0.29 -19.5 6.4
-0.5 4 11.5 31.5 -0.30 -24.3 3.4
12.5 20.0 -0.31 -29.5 2.6
13.5 6.0 -0.32 -35.1 0.9
14.5 3.5 -0.32 -41.2 0.6
15.5 2.0 -0.33 -47.6 04
Fig. 1. Pressure coefficient versus wind g5 2.0 ~0.33 _54.4 0.5
speed in the DERA wind tunnel tests. Reac-  Totg] 4,380.0 o ~300.0 74.7

tion, Cp = 2(P-P,)/pU?; P = static pressure

measured on the downstream side of the
wind cowl; P, = atmospheric pressure.

See also legend of figure .

Experience has also shown the benefit of using a pres-
surised floor void as an integral part of the ventilation sys-
tem. Passing air over the top surface of a concrete slab has
a significant effect in stabilising room temperature by
effectively using the thermal inertia of the concrete to
transfer heat or coolness into the air supply. In. summer,
the slab is pre-cooled at night using fresh air which
reduces the peak daytime supply air temperature and
hence the resultant room temperature.

A further element of the Joule 11 Solar House project
was the demonstration of how it would be possible to use
the prevailing wind pressure to overcome the air resis-
tance within the ventilation system. The proposals adopt-
ed were based upon this theoretical research, but the sys-
tems used also include mechanically driven fans, modu-
lating bypass dampers and a control system which ensures
that ventilation rates can be maintained when there is
insufficient wind pressure.

To maximise the effect of the prevailing wind, tracking
wind catchers working on the exhaust system were found
necessary. These devices were designed to ensure that the
maximum negative pressure coefficients are obtained.
Their design was based on wind tunnel tests of devices
completed as part of the Solar House project. The facility
used for these was an atmospheric low-speed wind tunnel
with a 24-ft open-jet working section (DERA, Farnbor-
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ough, UK). Tests were conducted on a full-scale model of
a cowl (prepared by Gill Air Ventilation) at wind tunnel
air velocities (U) of U = 10, 20 and 30 m-s~! (fig. 1). These
showed that the cowl would rotate at wind speeds down to
U =2.0m-s . Its performance could be sustained under a
wind speed in excess of 40 m-s-! for 5.0 min, and it was
structurally stable under all examined wind speeds.

The benefits from the passive wind cowl are shown in
table 1. Only the suction effect for daytime operation was
used in the calculations. To calculate the fan energy bene-
fit, banded wind velocity data for the University of Not-
tingham was used.

An integral part of the system is a photo-voltaic array
whose output matches the annual absorbed power of the
supply and extract fans. Stand-alone photo-voltaic cells
do not have an attractive energy payback period in the
UK. However, they become more attractive if they are
integrated into the building’s cladding systems. In this
instance they were integrated into the sloping atrium roof
glazing to reduce the need for solar shading in the atrium
itself and to optimise the performance of the cells.

The ability to avoid the need for conventional air con-
ditioning or comfort cooling is only possible because of
the use of ‘passive’ elements within the building design to
control internal conditions. Exposed concrete ceiling
units have a high thermal capacity which stabilises the

Indoor Built Environ 2000;9:87-96 89
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Fig. 2. Section through an AHU.

room environment by damping temperature swings. The
large exposed surface has the added benefit of providing
radiant cooling in the summer. The building envelope has
a high level of thermal insulation to reduce peak heating
loads and summer heat gains. The specification for the
construction of the building was that it had to be highly
weather-tight, i.e. resistant to uncontrolled infiltration of
outside air. The facade seeks to find a balance between the
seemingly conflicting requirements of view, day-lighting,
solar and glare control. Light shelves provide shade to
areas of glazing, whilst redirecting useful daylight deeper
into the building and reducing the contrast in light levels
at the very edge of the building. This, coupled with an
energy-efficient lighting system and a lighting control sys-
tem which ensures artificial lighting is switched off when
daylight levels are sufficient, reduces lighting energy con-
sumption and unwanted heat gains. Lighting controls in
areas not directly under the control of an individual - that

90 Indoor Built Environ 2000;9:87-96

Table 2. Principal components in each AHU

Electrostatic filter

Manufacturer Engineering
Dynamics Ltd.
Type Dynamic Electronic

Efficiency, %

Panel (non-ionizing)
EU3

Power, W 28

Thermal wheel

Manufacturer ABB

Type Rotary Econovent

Diameter, m 2.9

Efficiency, % 84

Evaporative cooler

Manufacturer Munters

Type mains water wet pack

Efficiency, % 85

Fans Supply (2) Extract (2)
Manufacturer ABB ABB
Type - -
Blade angle, degrees 56 51
Efficiency, % 72 67
Normal speed, rpm 1,410 1,410
Power input, kW 0.47 0.62
Air volume, m3-s-! 2.2 2.2
Total pressure, Pa 153 190
Heater

Manufacturer Reznor

Type Euro-C (compact gas-fired unit heater)
Output, kW 30

Efficiency, % 82

is, large classrooms rather than private offices — will use
passive infrared controls to ensure electrical energy for

lighting is only used when the area is occupied.

Compact Air-Handling Units Installed in the

Facuilty Buildings

The faculty buildings are ventilated by rooftop air-han-
dling units. These units, generally known as the compact
air handling plants (AHU) are of an innovative design
and provide a high energy-efficient performance (fig. 2).
The principal areas of innovation are the way in which the
components are arranged, the very low pressure drop of
the unit, the bypassing of components when not in use,

~ and avoiding a pressure drop across any heater or cooler

batteries in the supply air train. The components used to
construct the system are as follows (table 2):

Berry
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Fig. 3. Schematic plan showing the position of the AHUs on a build-
ing. a The supply air route. b The exhaust air route.

Components Making Up the Supply Air Train

(1) Intake louvre. (2) Air filter (electrostatic type to
reduce the degree of air pressure drop caused by conven-
tional bag filters). (3) Thermal wheel (and bypass to
reduce pressure drop when the thermal wheel is not
required). (4) Backup gas-fired heaters (used only at very
low ambient temperatures and not forming part of the sys-
tem resistance network). (5) Variable-speed supply air
fans. (6) Acoustic attenuator.

Components Making Up the Extract Air Train

(1) Return air dampers (bypassing evaporative humid-
ifiers to reduce pressure drop for the majority of the year).
(2) Evaporative humidifier (to reduce extract air dry bulb
temperature). (3) Thermal wheel (+ bypass to reduce pres-
sure drop when the thermal wheel is not required).
(4) Variable-speed exhaust air fans. (5) Acoustic attenua-
tor.

Six AHUs have been installed on the three faculty
buildings on the site. One of these, a unit of 4.4 m3.s-1,
located on the Faculty of Management and Finance, is
described in some detail below as an example. The day-
time duties of the other faculty units range from 4 to 7.2

Super-Efficient Mechanical Ventilation

Fig. 4. Schematic section showing the position of the AHUs on a
building. a The supply air route. b The exhaust air route.

m3.s-1, but the principle of using low-pressure compo-
nents applies equally to them. The overall dimensions of
4.2 m wide x 4.785 m long x 5 m high is the same for
each AHU, but the component sizes vary to give a similar
pressure loss profile across the range. Total air volume of
all the faculty building AHUSs is 35.6 m3.s-1,

The arrangement and location of the AHUs on the
Faculty of Management and Finance building and the
principles of the airflow in the building are shown dia-
grammatically in figures 3 and 4.

DuctworkDistribution: Description

The use of conventional ductwork distribution and ter-
minal design would have meant high pressure loss. In sys-
tems constructed in this way, velocities in the range of 7-
8 m-s~! are common, and high impedance terminals are
often employed to balance the pressure differences inher-
ent in medium velocity-systems. SEMV, on the other
hand, requires a holistic approach, where elements of the
building — whether fabric or structure - are utilised as low-
velocity, low-pressure air paths. Thus, each compact

Indoor Built Environ 2000;9:87-96 91
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Table 3. Plant room data for operating modes

Components Pressure  Av.velo-  Fan Annual Components Pressure  Av.velo- Fan Annual
drop, Pa  city, m-s~! power, W  fanenergy drop, Pa  city, m-s-! power, W fanenergy
kWh kWh
Winter (peak)! Mid-season®
Supply side Supply side
Intake louvre 17.0 1.4 103.9 45.3 Intake louvre 17.0 1.4 103.9 405.7
Airinlet shut-offdamper 3.0 1.2 18.3 8.0 Airinlet shut-off damper 3.0 1.2 18.3 71.6
Electrostatic filter 16.0 1.0 97.8 42.6 Electrostatic filter 16.0 1.0 97.8 381.8
Thermal wheel 60.0 1.5 366.7 159.9 Thermal wheel 60.0 1.5 366.7 1,431.8
Thermal wheel bypass Thermal wheel bypass
damper - - - - damper - - - -
Supply fan 37.0 - 226.1 98.6 Supply fan 37.0 - 226.1 883.0
Attenuator 9.4 2.3 57.4 - Attenuator 9.4 2.3 57.4 2243
Ducts and outlets 10.6 <l.5 64.8 28.2 Ducts and outlets 10.6 <l.5 64.8 253.0
Extract side Extract side
Exhaust ducts 1.0 <0.5 6.6 2.9 Exhaust ducts 1.0 <0.5 6.6 25.6
Evaporative humidifier - - - - Evaporative humidifier - - - -
Evaporative humidified 3.4 1.2 22.3 - Evaporative humidifier
bypass damper bypass damper 34 1.2 22.3 87.2
Thermal wheel 60.0 1.5 394.0 171.8 Thermal wheel 60.0 L.5 394.0 1,538.7
Thermal wheel bypass - - - - Thermal wheel bypass
damper damper - - - -
Extract fan 48.0 - 315.2 137.4 Extract fan 48.0 48.0 315.2 1,230.9
Attenuator 9.7 3.7 63.7 - Attenuator 9.7 3.7 63.7 248.8
Exhaust air shut-off Exhaust air shut-off
damper - - - - damper - - - -
Stairtower outlets 3.7 0.8 243 0.3 Stairtower outlets 3.7 0.8 24.3 94.9
Total 279 - 1,761 695 Total 279 - 1,761 6,877
Summer (peaic)? Summer (night)?
Supply side Supply side
Intake louvre 17.0 1.4 103.9 3.5 Intake louvre 68.0 2.8 831.1 68.2
Airinlet shut-offdamper 3.0 1.2 18.3 0.6 Air inlet shut-off damper 7.0 2.4 85.6 7.0
Electrostatic filter +16.0 1.0 97.8 33 Electrostatic filter 41.0 2.0 501.1 41.1
Thermal wheel 60.0 1.5 366.7 12.5 Thermal wheel - - - -
Thermal wheel ' Thermal wheel bypass
bypass damper - - - - damper 8.0 3.0 97.8 8.0
Supply fan 37.0 - 226.1 7.7 Supply fan 74.0 - 904.4 74.2
Attenuator 9.4 2.3 57.4 2.0 Attenuator 37.6 3.8 459.6 37.7
Ducts and outlets 10.6 <l.5 64.8 a 2.2 Ducts andoutlets 41.4 <3.0 506.0 41.5
Extract side Extract side
Exhaust ducts 1.0 <0.5 6.6 0.2 Exhaust ducts 5.0 <1.0 65.7 5.4
Evaporative humidifier 68.4 2.9 446.6 15.2 Evaporative humidifier - - - -
Evaporative humidifier Evaporative humidifier
bypass damper - - - - bypass damper - - - -
Thermal wheel 60.0 1.5 394.0 134 Thermal wheel - - - -
Thermal wheel bypass Thermal wheel bypass
damper - - - - damper - - - -
Extract fan 48.0 - 315.2 10.7 Extract fan - - - -
Attenuator 9.7 3.7 63.6 2.2 Attenuator - - - -
Exhaust air shut-off Exhaust air shut-off
damper - ~ - - damper 0.2 1.6 2.8 0.2
Stairtower outlets 3.7 0.8 243 0.8 Stairtower outlets 15.3 1.6 200.7 16.5
Total 343 - 2,185 74.3 Total 297 - 3,655 300

Volume flow rate: 4.4 m3-s-}; operating hours per year: 436 h (summer and winter peak), 39,056 h (mid-season and summer night); fan efficiency: supply 72%,
extract 67%. Temperatures: winter (peak) <2.3 °C; summer (peak) >25 ° C; mid-season >2.3° C, <25 ° C; summer (night) >23°C.

Fig. 5. Plant room data forthe 4 operating modes. a Winter (peak).

b Summer (peak). ¢ Mid-season. d Summer night.

Super-Efficient Mechanical Ventilation
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AHU has two large builders work supply air ducts either
side of the stair tower. A typical daytime velocity is less
than 1.5 m-s—1. The large builders work shafts connect to
the 350-mm air plenum void formed between the con-
crete structure and the raised floors of the faculty build-
ing. Low pressure outlets connect the floor to the room,

Extract air flows from the room to the interconnecting
corridors and up the stair tower before exhausting directly
to the outside via the wind-assisted tracking outlet, or is
returned to the AHU. Full-height fire doors into each stair
tower are held open by magnetic interlocks to ensure an
unencumbered flow path. The doors close automatically
in the event of a fire. A special low-pressure attenuated
flow path is incorporated into the corridor ceiling effec-
tively to connect the room to the corridor while maintain-
ing acoustic separation.

This design approach gives the lowest possible pressure
loss whilst maintaining balanced airflow to each room.

400 - Peak winter Mid season Peak summer

[ T<23°C 2.3°C<T<25°C T>25°C
300
[=2]
= £
® ] -
2 200 - go
= 5 o
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Dry bulbtemp: (°C)

Fig. 6. Banded temperature data for Nottingham; 7.00-18.00 h.

The supply air outlet is the dominant pressure element
between the supply duct and the room, and results in
equal air distribution.

Basic Control Strategy

Operating Modes

The operation of the plant has been determined for 4
operating modes: (1) winter (peak) — figure 5a, table 3;
(2) summer (peak) — figure Sb, table 3; (3) mid-season -
figure 5c, table 3, and (4) summer night — figure 5d,
table 3.

The configuration of the various components in the
AHU s for each operating mode is summarised in table 4.

Banded temperature data for Nottingham (fig. 6) were
used to calculate the operating hours for each mode. The
total fan input energy can be determined for a typical year
from the data in table 3 (table 5). The measure of perfor-
mance of fan input power divided by air volume can be
calculated as an average value for the operating year.
Averaging this performance indicator over the year is
important when high-pressure-loss components which
only operate ‘on-line’ for a short period are bypassed. The
evaporative cooler is an example of this.

Supply Air Temperature Control

The supply air temperature sensor modulates the speed
of the thermal wheel and gas heater in sequence viaa P +1
control loop in order to maintain the supply air tempera-
ture set point.

The thermal wheel is only allowed to operate providing
the wheel and stair bypass dampers are in the closed posi-
tion, as determined by the damper closed-end switches.

Table 4. Configuration of the AHU components for each operating mode

AHU component Winter (peak) Summer (peak) Mid-season

day night day night day night
Supply fans N on off on onat2 x dayrate on off
Thermal wheel max. rpm  off max. rpm  off rpm varies  off
Thermal wheel bypass shut shut shut open shut shut
Evaporative humidifiers = off off on off- off off
Evaporative humidifiers bypass open shut shut open open shut
Extract fans on off on off on off
Backup gas-fired heater on off off off off off
AHU bypass damper in stair tower shut shut shut open = shut shut
94 Indoor Built Environ 2000;9:87-96 Berry




Spray Humidifier Control

To improve the cooling capacity of the thermal wheel,
a spray humidifier is used during higher ambient temper-
atures.

If the global outside air temperature is above a high
limit, then the supply air temperature control loop is dis-
abled, and the speed of the thermal wheel is set to 100%.
The spray humidifier bypass damper is closed. After a
time delay to allow the dampers to reach their respective
open and closed positions, the water supply is switched
on.

If the global outside air temperature is below a low-
limit set point, then the supply air temperature control
loops are enabled, the spray is switched off, and the spray
humidifier bypass damper is opened.

Summer Night Cooling

To pre-cool the building during the summer, it is venti-
lated during the unoccupied period if ambient tempera-
tures are advantageous.

Night cooling is initiated if the space temperature sen-
sor registers above the space temperature set point.

When night cooling is required: (1) the stair and ther-
mal wheel bypass dampers are opened; (2) after a time
delay to allow the dampers to reach their open position,
the supply fans are started; (3) the fan tracking control
loop is disabled and the supply fan operated at maximum
speed, and (4) the supply air temperature and spray
humidifier control loops are disabled.

The night cooling is allowed to continue provided all
the following conditions are satisfied: (1) the return air
temperature sensor is above the global outside air temper-
ature by a pre-set differential; (2) the return air tempera-
ture sensor registers above the space temperature set

point,and (3) theglobal outside air temperature isabovea
low-limit set point.

If night cooling has operated for at least 5 successive
nights, then it is continued for a further 2 successive
nights after the global outside air temperature is below the
low-limit set point.

Night cooling is stopped if any one of the above condi-
tions are not satisfied, or if the plant is required to operate
for normal start-up. In either case, the AHU is shut down
and, after a time delay, reconfigured to operate in the next
required mode.

Fan Tracking

Differential pressure sensors measuring across the
thermal wheel in the supply and extract air ducts are used
to measure the supply and extract volumes.

The supply differential pressure sensor, viaa P +1 con-
trol loop, modulates the speed of the supply fan to main-
tain the supply air volume set point. The supply differ-
ential pressure sensor resets the set point of the extract
differential pressure sensor and maintains an offset be-
tween the supply and extract volumes. The extract differ-
ential pressure sensor, through a P +1 control loop, modu-
lates the speed of the extract fan to maintain the extract
air volume set point.

As the filters in the AHU become dirty, the supply fan
speed increases to maintain the supply volume set point.

Conclusions

An annual operating fan input energy of 7,871.6 kWh
coupled with a low power to volume ratio of 0.4 clearly
confirms the construction described in this paper as mer-

Table 5. Annual fan energy and power to flow rate ratios!

Mode Total pressure Operating hours Fan input Annualenergy Fan peak power/
drop.'Pa h/vear pewer, KW rate, kWh- flow rate, W -1t 5=
Peak summer 343 2.18 74.3 0.50
Peak winter 279 436 1.76 695.0 0.40
Mid-season 279 3,905 1.76 6,877.0 0.40
Summer night 297 _ 82 1.60 ~300.0 0.18
Total 1,198.0 4,457.0 7.30 7,946.3 0.4 (av.)
I Wind benefit is 74.7 kWh. Total fan energy is 7,871.6 kWh.
Super-Efficient Mechanical Ventilation Indoor Built Environ 2000;9:87-96 95




iting the description of SEMV. It is worth noting that as
the static pressure loss in the system reduces the dynamic
loss at the fan, discharge becomes a significant proportion
of the total pressure loss in the system. The next genera-
tion of SEMV will need to consider ways of recovering
this loss.

The tracking wind cowl contribution to the annual fan
energy consumption is small; a total of 75 kWh or about
1% of the total.

A more conventional design operating under similar
conditions would have a much higher fan energy require-
ment because the total pressure loss in such a system is
typically 1,200-1,600 Pa for the supply and extract.

The thermal performance of the system and building
will be the subject of a separate paper.
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