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increase by about half, resulting in a heating energy factor of 0.65
to 0.68 respectively, instead of 0.43 to 0.48 in the first set of
simulations. This means that heating energy reduction for DCV1
and DCV2 becomes 35% and 32% compared to MEV and about
40% when compared to MVHR without heat recovery.

Due to the more severe climate in Aberdeen, heating energy losses
almost double due to the higher design supply rates, giving rise to
a heating energy factor of nearly 0.9 for both DCV systems. Higher
design airflow rates are for this case less or not justified. Applying
a better zone-controlled DCV?2 is advisable.

For the second set of simulations, with the exception of the MEV
running on the intermediate operating speed, all systems comply
with the humidity and odour criteria.

3.2 Fan(s) consumption

Furthermore, the annual fan(s) electricity consumption of the
several mechanical ventilation systems under consideration is
illustrated in Figure 8. One is designed according to AD F and one
with adapted air supply rates equal to those of a MVHR system,
for the location of London at a building airtightness of 3 m3/h.m2.
The impact of the design supply rates on the fan consumption is
negligible. Only in the case of DCV, the fan consumption is slightly
decreased when design supply airflow rates are higher. Due to
more natural ventilation by means of cross ventilation, the average
extract rate is slightly decreased.

Figure 8: Annual fan(s) electricity consumption for the several mechanical
ventilation systems for the location of London at a building air tightness of
3 m¥h.mz, according to UK standards (left) and with adapted air supply
rates (right)

The annual electricity consumption of MVHR (460 kWh) is twice
that of MEV (230 kWh), since it was supposed that the specific fan
power of MVHR was double of MEV. In reality, due to the presence
of a heat exchanger and filters, fan consumption of MVHR can
significantly be higher than supposed. By means of demand control,
the average extract rate of DCV1 was reduced by about 66%,
resulting in an auxiliary energy reduction of about 40%. In the case
of DCV2, the average airflow rate was somewhat higher, resulting in
aslightly higher electricity consumption when compared with DCV1.

3.3 Overall comparison between ventilation systems

For the location of London, MEV, DCV1 (with supply rates equal to
MVHR), DCV2 and MVHR (average heat recovery efficiency — of
80%) were compared in Figures 9, 10, 11 and 12 with respect to:
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Figure 9: Annual primary energy consumption (kWh/year) of MEV, DCV1, DCV2
and MVHR(n = 80%)

e Annual primary energy consumption (KWh/year);
» Annual CO, exhaust due to energy consumption (kg CO,)

= Annual energy cost for ventilation heat losses and fan(s)
consumption (Elyear);

» Net present value over 15 years (£).

As illustrated in Figure 9, primary energy consumption of MVHR is
about half that of MEV without demand control. MVHR has a
higher primary energy consumption for operation of the fans than
for compensating the ventilation heat losses. Fan consumption of
MVHR is quite high due to double fans and higher air resistance
due to the heat exchanger and the filters.

Demand control on MEV can considerably decrease primary energy
consumption, and even give rise to a primary energy consumption
similar to that of MVHR. This reduction is caused by smaller ventilation
heat losses in combination with smaller fan consumption. The primary
energy consumption to compensate for ventilation heat losses is
about three to two times higher for DCV1 and DCV2 respectively,
when compared to MVHR. However, the primary fan consumption
of DCV1 and DCV?2 is about 30% when compared with MVHR.

The annual CO, exhaust related to the energy consumption of the
several ventilation systems shows a similar trend as can be seen in
Figure 10. Demand control reduces strongly the CO, exhaust of
MEV to an equivalent CO, level of that of MVHR.

The annual total energy cost of the ventilation systems was
compared in Figure 11. Due to high electricity prices compared
with natural gas per kWh, DCV systems have similar and even
lower total energy costs when compared with MVHR, for
acceptable or similar levels of IAQ. The annual energy cost of
DCV and MVHR ranges between £75 and £100. This cost is about
10% of the total annual energy costs of a one-family dwelling of
£800 to £1000.

Figure 12 clearly illustrates that the energy cost to ventilate cannot
be considered separately from the total cost of a system, including
investment (product and installation cost) and maintenance cost
(cleaning, sensors, filters). MEV systems with or without demand
control show the lowest net present value, which is about half that
of MVHR systems. Saving on the investment and maintenance cost
of MVHR is done in practice at the expense of IAQ and acoustic
comfort.
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Figure 10: Annual CO, exhaust (kg/year) of MEV, DCV1, DCV2 and
MVHR(n = 80%)
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Figure 11: Annual energy costs of MEV, DCV1, DCV2 and MVHR(n = 80%)
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Figure 12: Net present values over 15 years of MEV, DCV1, DCV2 and
MVHR(n = 80%)

4. Conclusions

By means of simulations the significant effect of demand control on
the performance of a MEV system was illustrated and discussed.
From the simulations, it is clear that outdoor climate can be an
important parameter to take into account. The less controlled the
system, the higher the impact of the outdoor climate (temperature,
wind speed and wind direction) and vice versa. Under more severe
climate conditions such as Aberdeen, controlling the air extraction
from the bedrooms is advisable as realised within DCV2. Under
certain circumstances, higher design airflow rates are needed to
obtain similar IAQ levels as MEV and MVHR systems, since reference
supply airflow rates of MEV are small in the UK (Table 1).

When extracting and controlling airflow rates from all functional
rooms and also from the bedrooms, IAQ is good, while ventilation
heat losses are more than halved when compared with MEV or
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MVHR, without increasing supply airflow rates. Due to the
automatic control of DCV systems, the guarantee on good IAQ
when applying a DCV system should not be lower than using a
fully-mechanical MVHR system that is manually operated.

Demand control can bring a standard MEV system to a similar level
as MVHR when considering IAQ, CO, exhaust, primary energy
consumption and energy costs. Besides, due to the automatic
detection of the IAQ in the different rooms, the guarantee on good
IAQ is higher when compared with a manually-operated
mechanical system without sensors. The total cost or net present
value of qualitative MEV systems with or without demand control
is nearly half that of a qualitative MVHR system, due to the higher
investment and maintenance cost of the latter.

Further research should focus on the embedded carbon of the
system and the impact of regular filter cleaning and replacement in
the case of HR, optimising the DCV system with respect to design
airflow rates, and control algorithms. A Monte-Carlo approach can
be applied to eliminate the uncertainties on input parameters and
the effect of other UK climate zones on the performance of DCV
can be analysed.



et al.: Performance of a demand controlled mechanical extract ventilation system for dwellings

Performance of a demand controlled mechanical extract ventilation system for dwellings

References [xxiii] UK Future Energy Scenarios. National grid (November 2011).
http://www.nationalgrid.com/NR/rdonlyres/86 C815F5-0EAD-46B5-A580-

[i] Crump, D., Dengel, A., Swainson, M. (2009). Indoor air quality in highly -
AOA516562B3E/50819/10312_1 NG_Futureenergyscenarios_WEB1.pdf

energy efficient homes - a review. NHBC foundation - Zero Carbon Hub,
ISBN 978-1-84806-104-0, 84 p.

[ii] Meijer, A., Verkade, A-J., Merckx, A-M., Duijm, F., Bolscher GHT. (2010).
The effect of improvement measures for ventilation on the indoor environment
and health complaints in Vathorst. Clima conference 2010, Antalya.

[iii] Wouters, P,, Carrié, R., Jardinier, M., Savin, J-L., Laverge, J., Hartmann,

T., de Gids,W., Piriou, J. (2012). DCV wehinar: Demand-Controlled Ventilation
in the European context: approaches in 4 countries and at EU level,
November 26th 2012.

[iv] Durier, F (2008). Trends in the French building ventilation market and
drivers for changes. AIVC ventilation information paper 19, 8 p.

[v] Afshari, A. (2003). Humidity as a control parameter for ventilation,
Indoor and Built Environment, 12, 215-216.

[vi] Pavlovas, V. (2004). Demand controlled ventilation — a case study for
existing Swedish multifamily buildings. Energy and Buildings, 36(10),
1029-1034.

[vii] Jacobs, P. (2004). Demand controlled ventilation applicable for any
airtightness level and occupancy?, AIVC conference 2004.

[viii] Savin, J.L. (2006). Management of the time-distribution of the needs for
indoor air renewal in humidity sensitive ventilation, AIVC conference 2006.

[ix] Van Den Bossche, N., Janssens, A., Heijmans, N., Wouters, P. (2007).
Performance evaluation of humidity controlled ventilation strategies in
residential buildings. Thermal performance of the exterior envelopes of
whole buildings X. Clear-water; 7 p.

[X] Woloszyn, M. (2009). The effect of combining a relative-humidity-sensitive
ventilation system with the moisture-buffering capacity of materials on indoor
climate and energy efficiency of buildings. Building and Environment, 44(3),
515-524.

[xi] Savin, J.L. (2009). “Performance™ project: improvement of the ventilation
and building air tightness performance in occupied dwellings in France, AIVC
conference 2009.

[xii] Krus, M. (2009). Calculation of the primary energy consumption of a
supply and exhaust ventilation system with heat recovery in comparison to
a demand-based (moisture-controlled) exhaust ventilation system, AIVC
conference 2009.

[xiii] Nielsen, T.R., Drivsholm, C. (2010). Energy efficient demand controlled
ventilation in single family houses. Energy and Buildings, 42(11), 1995-1998.

[xiv] Laverge, J, Van Den Bossche, N, Heijmans, N, Janssens, A. (2011).
Energy saving potential and repercussions on indoor air quality of demand
controlled residential ventilation strategies. Building and Environment, 46(7),
1497-1503.

[xv] Savin, J-L., Laverge, J. (2011). Demand-controlled Ventilation: an outline
of assessment methods and simulations tools. AIVC-tightvent conference 32.

[xvi] Laverge, J., Pattyn, X., Janssens, A. (2013). Performance assessment of
residential mechanical exhaust ventilation systems dimensioned in accordance
with Belgian, British, Dutch, French and ASHRAE standards. Building and
Environment, 59, 177-186.

[xvii] Santos, H., Leal, V. (2012). Energy vs. ventilation rate in buildings: a
comprehensive scenario-based assessment in the European context. Energy
and Buildings, 54, 111-121.

[xviii] Palmer, J., Orme, M., Pane, G., Ridley, |. Davies, M. Oreszczyn, T., Lowe,
R. (2009). Investigation of Ventilation Effectiveness. BD2523, HMSO, 67 p.
[xix] Van den Buys, D. (2012). Equivalence for demand controlled ventilation:
sensitivity study of the assessment methodology. To be published.

[xx] Irwin, C. (2012). How much ventilation does this room need? Cibse
Journal, September, 45-48.

[xxi] Laverge, J., Novoselac, A., Corsi, R., Janssens, A. (2013). Experimental
assessment of exposure to gaseous pollutants from mattresses and pillows
while asleep. Building and Environment, 59, 203-210.

[xxii] http://www.eumayors.eu/

Published by ARROW@DIT, 2013



