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1 THE UK PASSIVHAUS

1.1 BUILDING GEOMETRY

The UK Passivhaus example is built on a typical three bedroom end of
terrace house complying with Building Regs 2006 but with the addition of
glazed buffer zones on the south and north ground floor elevations.

The basic building type and specifications follow the ones of commercial UK
building contractors. However, improvements to the building envelope and

materials are made to enhance energy performance and occupant’s comfort.

A brief description of the proposed Passivhaus follows in the diagrams below.

Fig. 1. 1 — 3D of proposed Passivhaus UK
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Fig. 1. 2 — Ground floor, plan (left) and First floor, plan (right)

Fig. 1. 3 — Section A-A’ (left) and Section B-B’ (right)



1.2 WEATHER

The weather file used to represent the UK Passivhaus climate was sourced
from the New Generation TAS Database (by EDSL). The location is

Birmingham, UK (52°26’ N, 1°55’ W).

Solar radiation is plotted in Fig. 1.6.Wind speed and directions for

Birmingham are plotted in the 3D wind rose in Fig.1.4.
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1.3 CONSTRUCTION

Table 1. 1 — Configuration for roof

THE PASSIVHAUS STANDARD IN EUROPEAN WARM CLIMATES

Table 1. 4 — Configuration for external wall

Layer Thickness
Brickwork 103 mm
Insulation 300 mm
Blockwork 115mm
Plasterboard 9.5 mm

Layer Thickness
Tiles 5 mm
Underlay rafters 2 mm
Joists 100 mm
Rockwool insulation 300 mm
Plasterboard 25 mm

U-value: 0.2 W/m?K,

Table 1. 2 — Configuration for ground floor

U-value: 0.15 W/m?K,

Table 1. 5 — Configuration for party wall

Layer Thickness
Plasterboard 25 mm
Blockwork 100 mm
Air cavity 75mm
Blockwork 100 mm
Plasterboard 25 mm

Table 1. 6 — Configuration for internal wall

Layer Thickness
Concrete slab 190 mm
EPS insulation 150 mm
DPM
Sand 50 mm
Hardcore 600 mm
U-value: 0.2 W/m?K,
Table 1. 3 — Configuration for ground floor
Layer Thickness
Timber decking 22 mm
Joists 250 mm
Plaster board 15 mm

Layer Thickness
Plasterboard 25 mm
Air 50 mm

Plasterboard

25 mm




Table 1. 7 — Low-e Double Glazing

Description Thickness U-value Solar factor
(out-in) [m] [W/m2K] []

Clear glass 0.006 1.8 0.5

Air Gap-Argon 0.012

Low-e glass 0.006

Table 1. 8 — Single Glass

Description Thickness U-value Solar factor
(out-in) [m] [W/m2K] [-]
Clear glass 0.006 5.7 0.78

Table 1. 9 — Frame
Description Thickness Conductivity | Solar Abs
(out-in) (m) (W/mK) “)
Pine 0.025 0.138 0.6
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1.4 HEATING

1.4.1 Strategy
The heating strategy entails a combination of passive and active heating.
Passive heating (Fig. 1.7 - 1.9) is achieved by adopting a three part strategy:

Minimise fabric and infiltration losses;
Promote solar gains coupled to the mass of the house;
Promote pre-heating of ventilation air.

Incorporating glazed buffer zones at ground level addresses all the three
parts of this strategy. In fact, the North buffer zone acts as a lobby and
prevents additional heat losses. The south buffer promotes direct solar gains
as well as preheating the outdoor air before entering the house.

The air is introduced via small openings at low level (either by trickle
ventilators or automated vent actuators). These are placed on the outer and
inner skin of the buffer zone. On clear sunny days the inner glazed doors may
be left open during the warmest part of the day (e.g. 11am to 3pm). However,
when the house is unoccupied, automatic vent actuators will allow the
pre-heating. For the rest of the day the inner doors are closed and the
ventilators are open to provide minimum fresh air. Where a conventional
boiler is installed, perimeter trench heaters (e.g. fin-tube radiators, Fig. 1.10)
may be placed along the inner glass doors to preheat the incoming air in
absence of solar radiation.

In the rest of the house, active heating is provided by convective radiators

placed under the windows. Pre-heating of the fresh air can be achieved by
crack opening of the casement windows or trickle vents (Fig.1. 11).

Fig. 1. 4 — Winter pre-heating strategy (sunny day)
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Fig. 1. 5 — Winter pre-heating strategy (overcast)

Fig. 1. 6 — Winter heating strategy (night insulation)

Fig. 1. 7 — Perimeter trench heaters



142 Systems

A number of low-energy and passive heating systems can be effectively
proposed for the UK example.

a) Conventional condensing boiler;
b) Woodchip boiler;

¢) Ground source heat pump;

d) No heating.

The domestic hot water and space heating system would comprise of
condensing combination boiler and convective radiators (panels and trench
heaters). Condensing boilers are now more widespread and although slightly
expensive, can achieve an efficiency of 95%.

The option of not installing heating at all could be considered if maximising
the internal and solar gains and where occupants are prepared to adapt
accepting a different level of comfort and adjusting their clothing insulation.
The dynamic thermal model suggests that for nearly 70% of the daytime
hours in winter (8am to 10pm) the dry resultant temperatures in the house
can be above 18°C. This might be certainly unacceptable for some,
especially considering national customs which see people used to wear
t-shirts in the house all year around. However, considering the climate
change trend and continuously depleting energy resources and increasing
energy prices, this scenario may become widespread practice sooner than
we think.
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Fig. 1. 8 — Trickle ventilator

Fig. 1. 9 — Automatic chain actuator (source: WindowMaster CS Ltd)



1.4.3 Performance

The heating energy demand and building performance in winter was
predicted using dynamic thermal modelling. The analysis was undertaken
using the modelling software: New Generation TAS, by EDSL.

The analysis included the modelling of various cases. The first case to be
modelled, called Base Case, was the Standard UK three bedroom house.
The subsequent models simulate different improvements to the base case in
order to achieve the desired Passivhaus energy performance standard. The
modelled cases are the following:

Base Case — Standard
This case represents a typical three bedroom end of terrace house complying
with Building Regulations 2006 and as specified by Redrow Builders.

In summer ventilation is provided by cross ventilation through the perimeter
openings on the south and north sides. In winter ventilation is provided by
background infiltration and additional trickle ventilation. Infiltration is
assumed to be 0.4 ach (at atmospheric pressure), which translate in 5.3l/s/p.
In order to achieve a flow rate in excess of 6l/s/p, trickle ventilators were
introduced on the south and north sides of the building. The areas of trickle
vent opening assumed were 0.014 and 0.019 m? at inlet and outlet
respectively. With a wind speed of 0.5m/s this would generate a flow rate of
approximately 2 I/s/p, which together with infiltration satisfies the fresh air
requirement of the building.

Case 1 — Passive 1

Case 1 simulates the first improved scenario with the addition of glazed
buffer zones on the south and north ground floor elevations. First floor
bedrooms are double height and include roof windows to improve daylighting
and solar gains. A roof vent termination is included on top of the stairs with
two roof vents opening on the south and north sides. Wall insulation is
improved to 65mm of Polyisocynurate board. Intermediate floors are in
pre-cast concrete and internal partitions are in studwork. Glazing is Low-e
double glazing instead of clear double glazing.

The ventilation regime is natural ventilation during the summer. Natural
ventilation is provided by stack effect via the perimeter openings on the
ground and first floors and high level vents at roof level. In summer the
opening of windows is simulated using a temperature control function. This
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mode is intended for a simple natural ventilation system, simulating occupant
control, where openings are controlled from a single zone® resultant
temperature. A description of the required parameters associated to this
mode and their specific values for this simulation are listed in Table 1.10.

In winter, ventilation is provided by background infiltration and additional
trickle ventilation. Infiltration is assumed to be 0.4 ach which translate in
5.3l/s/p. In order to achieve a flow rate in excess of 6l/s/p, trickle ventilators
were introduced at ground floor level to the south side of the building and at
roof level. The incoming fresh air would be preheated through the south
buffer zone and exhausted at high level through the roof termination. The
areas of trickle vent opening assumed were 0.016 and 0.026 m? at inlet and
outlet respectively. With a wind speed of 0.5m/s this would generate a flow
rate between 2 and 3 I/s/p, which together with infiltration satisfies the fresh
air requirement of the building. Trickle ventilation, however, is provided during
the warmest hours of the day when preheating can effectively take place. In
addition to this, in order to maximise the effect of solar gains, the inner
glazing of the south buffer is open when the resultant temperature of the
buffer zone exceeds 22°C and closed when it goes below 20°C.

Case 2 — Passive 2
As above but with 300mm mineral wool as wall and roof insulation.

Case 3 — Passive 3
As above but without roof windows.

Case 4 — Passive 4

As above but without roof windows and double height spaces on the first floor.
Roof termination is removed and first floor ceiling to the roof is insulated with

300mm of mineral wool board. Internal blinds and shutters were introduced to
minimise heat losses at night.

Case 5 - Passive 5
As above but with 0.2 ach infiltration rate at atmospheric pressure (equivalent
to approximately 3ach at 50Pa).

Case 6 — Passive 5 with no heating

This case was modelled to explore the performance of the building (Passive
5) without active heating and to appreciate the effect of solar gains and
insulation in keeping the indoor temperatures within comfortable levels.



The analysis shows (Fig.1.14 — 1.15) that the annual heating demand of the

proposed Passivhaus (Passive 1 - 5) can be up to 75% less than a standard

three bedroom end of terrace house. This reduction in heating energy can be
achieved by improvements to the building envelope such as:

buffer zone on the north side of the building to reduce heat losses
buffer zone on the south side to make use of solar gains to pre-heat
the incoming air

improved insulation levels on roof, ground floor and external walls.
This was done in two steps: a) increasing the standard insulation
type to a maximum of 65mm; b) introducing 300mm of mineral wool
insulation

improved air-tightness

Case 6 simulates the building (as described in case 5) but without active
heating. The results show that temperatures in winter range between 10 and
24°C exceeding ambient temperatures by 5 - 15°C (see figs.1.16 - 1.17).
Peak temperatures of above 20°C are achieved in the living room when solar
gains are higher due to the large glazing area and the S facing buffer zone. In
the evenings and at night, heat losses are minimised by the use of insulated
shutters and internal blinds.
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Fig. 1. 10 — Detail of intermediate floor Polyisocyanurate insulation and
thermal conditions (source: Xtratherm UK Ltd, 2003)
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Fig. 1. 11 — Total annual heating demand for standard house and Passivhaus
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1.5 COOLING

1.5.1 Strategy
There is no active cooling installed in the UK Passivhaus example.

Passive cooling is achieved by controlled natural ventilation coupled to
thermal mass and solar control. Natural ventilation is achieved by opening
the perimeter windows on the south and north sides of the building in order to
introduce fresh, cooler air from outside and to create air movement. In
buoyancy conditions, the outdoor air from the ground and first floor vents is
pulled through the staircase and up to the roof vent. In windy conditions,
cross ventilation or downdraught could be taking place according to the
pressure conditions on the building.

During hot summer days, excess solar gains to the south buffer zone are
exhausted directly to the outside by opening the outer glass doors and
closing the inner ones, while ventilation air is encouraged from the north side.
Solar control is achieved by external movable blinds. The open recess
created by the buffer zone naturally shelters from the high angle sun.

The perimeter windows are a combination of casement and bottom hung
vents (Fig. 1.21). The casement windows ensure a high opening area for
daytime ventilation when high air change rates are required and security is
not an issue; whilst bottom hung windows at high level provide ventilation at
night time promoting cooling of the exposed mass by coupling of the fresher
night air and the concrete ceiling. The reduced opening areas are preferable
both for the occupant’s comfort and security.

Fig. 1. 15 — Cooling Strategy — summer hot day

10

THE PASSIVHAUS STANDARD IN EUROPEAN WARM CLIMATES

Fig. 1. 16 — Cooling Strategy — summer temperate day

Fig. 1. 17 — Cooling Strategy — summer night

Fig. 1. 18— Side and bottom hung windows



1.5.2 Performance

The building performance in respect to passive cooling has been assessed
by looking at the frequency of overheating during the summer season (May
to September). Specifically, the number of hours when dry resultant
temperatures are above 25°C was assessed using dynamic thermal
simulation.

The results show that, for the chosen location (Birmingham) and proposed
construction, summer overheating is not a particular concern with resultant
temperatures exceeding 25°C for less than 1% of the occupied time (Living
area). In fact, the number of hours when the external temperature exceeds
25°C is just 32 (Fig. 1.22). The temperature based ventilation control strategy
does not involve the risk of overcooling the indoor spaces beyond human
comfort since the windows are closed when the indoor temperature is below
20°C and open when it is above 25°C. The plots below show the pattern of
resultant temperatures for the bedroom 2 in summer (Fig. 1.23).

The overall effect of thermal inertia of the fabric can be appreciated in the
graph below (Fig. 1.24). The plot shows the ceiling surface temperatures in
the lightweight construction and the exposed concrete one. In peak warm
conditions the concrete ceiling has a temperature between 1 and 3°C lower
than the lightweight ceiling during daytime whilst is slightly warmer at night
due to its thermal inertia. Overall its temperature is more constant and less
prone to diurnal fluctuation with a difference of 1 to 2°C between day and
night. This has an impact over the radiant temperatures of the room which
exceed 27°C for 3 and 33 hours in the Passive and Standard house
respectively.

An additional simulation was carried out for the location of London. The
weather file was the London BRE94 from the TAS database. The simulation
modelled the proposed UK Passivhaus as described in Case 6 (no heating).
The results show that in winter dry resultant temperatures of 18°C are
exceeded for 73% of the time (over 24hrs), increasing by 5% the length of
time when comfortable conditions can be achieved without heating,
compared to the Birmingham location. In summer, the dry resultant
temperature of 25°C is exceeded for 4.8% of the time.
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Table 1. 10 — Temperature based vents opening control

The zone name whose resultant temperature will Zone 3:
Zone control the aperture. Living a
The aperture will be closed if the controlling zone
Lower resultant temperature is below this value. 20°C
limit
The aperture will be fully open if the controlling
Lower zone resultant temperature is above this value. 25°C
limit
The aperture will start to close when the wind
Lower speed exceeds this value. The aperture will be m/s
limit fully closed at 0.5m/s above this value.
100
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Fig. 1. 19 — Frequency of Resultant Temperatures in Living area in summer
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1.6 THERMAL COMFORT

1.6.1 Comfort analysis

Thermal Comfort Analysis was undertaken for the Standard and Passivhaus
(Case 5) for the winter and summer period. Comfort indexes presented in this
report are area-weighted average of the comfort indexes in those zones. The
lower the index the better the performance, with optimum performance when
the index is zero. One of the concepts used in this study is the “Operative
Temperature” (Top), defined as the average between the “Air

Temperature” (T,;) and the “Radiant Temperature” (T qgiant)- This is also
referred to as Resultant Temperature. The equation of T, is:

Equation 1- T, = Tar * Traiars

2

Winter Comfort is evaluated during the heating period (October to April) and
is quantified relatively to a Temperature Difference T between the actual
operative temperature and a target Temperature of 19°C.

Equation 2 - DT = Positive of (19- Top)

Winter Comforts indicators are: % of time with temperature (T,p) below 19 &C,
or % of time T (Hourly sum of T is presented in tables but not in graphs);
Maximum value of T and Average value of T (average calculated for all
hours).

Summer Comfort is evaluated from May 10 to September 15 and considers
the following indicators: Fanger Comfort Index (FCI), refers to Fanger’s
model with ASHRAE correction; Adaptive 1 Comfort Index (A1Cl), refers to
daily adaptive comfort model, where the comfort temperature is a function of
the previous month mean outdoor temperature and Adaptive 2 Comfort Index
(A2CI), refers to daily adaptive comfort model, where the comfort
temperature is a function of the previous 6 days outdoor temperatures.
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Table 1. 11 — Winter Comfort Evaluation for Standard house and Passivhaus
(with heating)

Case Winter Comfort Index
%time T Sum T Max T Av T
Standard 0% 0 27.6 20
Passive 0% 0 27.9 215

Table 1. 2 — Winter Comfort Evaluation for Standard house and Passivhaus
(without heating)

Case Winter Comfort Index
% time T Sum T Max T Av T
Standard 92%, 4698 25.1 15.0
Passive 46% 2351 27.9 19.9

Table 1. 3 — Comfort Evaluation for Standard and Passivhaus in summer

Case Summer Comfort Index
Fang. Adaptive 1 Adaptive 2
(FCI) (A1CI) (A2CI)
Standard 17.9 14.11 0.17
Living room 94.80 82.50 1.07
Standard
Passivhaus 11.30 14.20 0.00
Living room 44.30 56.80 0.00
Passivhaus
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1.7 CONCLUSION

This study demonstrated that:

1) The Passivhaus heating performance standard (15kW/m2) could be
achieved in the UK provided that the following strategy is applied:
- Improved air-tightness
Controlled natural ventilation
Thermal buffering and improved envelope
Solar control

2) Heating energy demand can be minimised to such a point to become
almost redundant and a free-running building could potentially achieve
comfortable conditions both in winter and summer. Also, such small heating
demand suggests that the scope for reducing the overall domestic energy
use lies within other aspects such as water heating, appliances and lighting.

This study, however, does not consider the impact of more extreme weather
conditions or future climatic scenarios on building performance. This was
outside the scope and resources of the study but, nevertheless, it is an issue
which will require further investigations. Of particular interest is the predicted
increase in monthly mean and peak temperatures and the related potential
increase in the use of air-conditioning in residential buildings.
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