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Passivhaus: delivering
transformational buildings

by Gareth Veal PhD, MEI, CEng, CEM, Certified Passivhaus Designer (CEPH)

he UKis targetinga 78
per centreductionin GHG
emissions by 2035, leading
towards Net Zero by 2050.
Our built environment will play a pivotal
role in delivering these targets, as the
UK's building stock currently produces
27 per cent of our GHG emissions.
Delivering on our GHG reduction and
energy efficiency ambitions for the
built environment would™:
» make our overall climate mitigation
ambitions feasible, given the large
proportion of emissions which come
from buildings;
« deliver the most cost-effective route
to reducing GHG emissions from
buildings, since investments in energy
efficiency are typically more attractive
than those in renewable capacity;
e support the transitionto a
grid powered by renewables by
significantly reducing the total demand
for electricity, and the peak loads
which the grid must be sized to meet;
* enable the transition to heat pumps
as gas boilers are phased out, by
delivering efficient buildings which
have the low and steady heat demand
profiles that best suit heat pumps;
« create business opportunities and
jobs. Itis estimated that the energy
retrofit sector will create 2m new
jobs as we deliver our GHG emission
reduction targets for buildings;
* reduce fuel bills, improving
competitiveness for industry and
addressing the fuel poverty faced by
3.3m UK households;
« transform our built environment,
delivering fresh air year-round via
mechanical ventilation with heat

recovery, plus stable temperatures
for warmth in the winter and avoiding
summertime overheating; and
e radically improve health and
wellbeing by tackling the millions
of cold, damp and uncomfortable
buildings which impact the
population’s productivity and
wellbeing at work and health and
comfort athome. For example, treating
conditions related to poor quality
housing is estimated to cost the NHS
£1.4bn eachyear.

While the technologies exist
to deliver new build and retrofit
projects to net zero emission levels
of performance, there is a need to
accelerate and formalise the means
of delivering these projects at scale.
This is where the Passivhaus standard
provides an excellentinsight as to
whatis possible and how it might be
delivered.

First developed in Germany
The first Passivhaus was developed
in Germany in 1990 and since then
approximately 60,000 buildings have
been delivered to this outstanding
level of performance. The BRE states:
“The core focus of Passivhaus is to
dramatically reduce the requirement
for space heating and cooling, whilst
also creating excellentindoor comfort
levels. This is primarily achieved by
adopting a fabric first approach to
the design...which can be applied not
only to the residential sector but also
to commercial, industrial and public
buildings"2.

Although Passivhaus is a voluntary
standard, itis fast becoming the

reference point for those looking
to deliver on climate ambitions, to
help tenants avoid fuel poverty, and
to deliver health and wellbeing via
excellent levels of thermal comfort
and air quality. The standard has
been successfully applied to a wide
range of building types, including
residential, schools, offices, hospitals,
sports halls, industrial buildings,
museums, supermarkets, and other
commercial settings. The Passivhaus
database holds examples of different
applications within many sectors and
from around the world, also promoting
Passivhaus open days for those who
wish to take a closer look®.

One common concernis that
building to the Passivhaus standard
is too expensive to be applicable in
mainstream circumstances. However,
this is far from the case, for example
as evidenced by the success of
‘Exeter City Living' in championing
Passivhaus in various forms of social
housing#; or the Goldsmith Street
development which won the 2019
Stirling Prize awarded by RIBA, plus
the Neave Brown Award for the best
examples of affordable housing®. The
cost of delivering Passivhaus projects
has rapidly fallen as experience of
the 60,000 or so Passivhaus projects
delivered to date has supported
innovation and learning.In 2015, a
cost uplift of 15-20 per cent was
to be expected when building to
the Passivhaus standard, this was
assessed to have fallen to 8 per cent
in a study reviewing 2018 data, witha
projection that the cost uplift could be
reduced to 4 per cent as Passivhaus
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isadopted at scale®. Certainly,

project teams are reporting that if
Passivhaus is adopted at early stages
of a development, so that optimisation
of the design can be used to manage
costs, then cost need notbe a

barrier to the adoption of Passivhaus
standard.

‘Agnostic’ construction type

The Passivhaus standard is ‘agnostic’
interms of construction type and

has been successfully appliedto a
wide range of systems. Passivhaus
can be achieved with all standard
construction techniques and shouldn't
impinge upon design creativity,
especially if considered from the
project outset. Rather than being
prescriptive in how the targets are
met, Passivhaus sets some basic
performance parameters, leaving how
they are achieved to be decidedona
project-by-project basis.

Rather than describe these criteria
in more detail here, the summary
in the table above gives a sense of
their purpose, while the full list of the
certification criteria for Passivhaus is
available online.”

In terms of delivery, the Passivhaus
standard provides a set of performance
thresholds, a calculation tool, and a
certification/quality control process
which ensures that a project clears
three hurdles: design, construction,
and commissioning. The Passivhaus
standard has consistently closed the
historic ‘performance gap’ between
the performance of a building as
anticipated at the design stage, versus
their actual performancein use.®

The concepts underpinning
Passivhaus designs are discussed
below and covered in more detail by
the Passivhaus Easi Guide, which does
an excellent job of demystifying the
process of designing to the Passivhaus
standard and is suggested reading to
complement this CPD article.

« free heat in winter from solar gains.
Orientate predominant facades
south, or at least ideally no more
than +/- 30° from south. Locate living
and other primary spaces with larger
windows on the south facade, shade
these using horizontal shading to
protect from high angle summer sun.
Limit overshadowing by considering
how buildings willimpact each otherin
terms of developing a site plan.

* simple building form (i.e. shape)

for the building’'s warm spaces,
reducing heat losses by presenting
alow exposed surface area. Be clear
about the line of the thermal envelope
of the building. Delineate and cluster
cold spaces such as bike and bin
stores early on, and ideally locate
them on the north facade, since they

Core Passivhaus Criteria

METRIC PERFORMANCE THRESHOLD OBJECTIVE
Space heating demand <15 kWh/m2yr Manages building fabric losses.
Manages total energy use within the building to ensure an
efficient fabric is not compromised by high levels of energy use
. within the building.
ncldngaloneray ses | <BoKwnmyr
9 9y Reduces internal gains, helping to manage summer comfort/
overheating and rewards the use of efficient sources of heat
generation and onsite renewables.
Avoids uncontrolled losses through draughts and enables the
use of mechanical ventilation with heat recovery, saving energy
Airtightness <0.6 ACH@ 50 Pa and giving excellent air quality year-round, even in the winter
when windows are typically closed. Protects the building fabric
from moisture damage.
Internal temperature below 25°C for at
. least 90 per cent of the year, witha 95 Ensures that the building is comfortable year-round, e.g. guiding
Frequency of overheating X . - X : .
per cent threshold typically applied as glazing design and the management of internal gains.
best practice.

(NB: UK values shown, other localities use different values based upon regional climate data)

do not make use of solar gains. Use
thermally independent elements to
add character to the design without
compromising performance. For
example, porches, balconies, and
other external features can be made
free standing and independent

of significant interaction with the
thermal envelope of the building. This
approach helps to avoid unnecessary
heat losses without compromising
project aesthetics.

The ‘'form factor’ of '‘exposed
external surface area’ divided by
‘internal floor area’ is a useful metric
for comparing options and optimising
designs.

* high levels of insulation and
significantly reduced thermal
bridges. The U-values required will
depend to a certain extent upon the
building's orientation, form factor and
other design decisions. See section 7
of the Passivhaus Easi guide for typical
values and build ups of different

Passivhaus Design

Medium density housing projects

ﬁ Etude

Levitt Bernstein

building elements. Itis important
to maintain a continuous thermal
envelope, avoiding ‘thermal bridges’
which break the insulation layer with
non-insulating materials.

This is best done by clearly
delineating a 'structural’ zone of
the construction, separate to an
‘insulation’ zone as far as possible.
Utilising standard details and
construction systems can helpin
these efforts.™
* an extremely airtight building fabric
coupled with efficient background
mechanical ventilation with heat
recovery (MVHR). Avoids energy
losses and comfortissues associated
with draughts and enables the use
of mechanical ventilation with heat
recovery, saving energy and giving
excellent year-round air quality,
even in the winter when windows
are typically closed. Protects the
building fabric from moisture damage
caused by uncontrolled movement

The concepts
Endorsed by: underpinning
Passivhaus design
@ and delivery are
Lt summarised
extremely wellin
the Passivhaus Easi
Guide. It focuses
upon medium
density housing,
but the principles
discussed apply
to all Passivhaus
projects.®

of moist air. Itis suggested that
MVHR units should not be located
inaliving room or bedroom to help
with noise management. Whatever
the location, Passivhaus sets sound
level thresholds which are verified via
measurement post construction to
ensure that MVHR does not cause any
noise issues.

* high-performance triple glazed
windows with window proportions
that are based on orientation.
Windows are animportant part of the
energy balance of a Passivhaus and
should be sized and managed across
each elevation to maximise solar gain
during the heating season and to
minimise summertime overheating.

With these ambitions in mind,
suggested glazing ratios for each
elevation are: north - 10-15 per cent
(minimise losses as there are few
solar gains here); east/west - 10-20
per cent (losses less of anissue
than north facing, also needs careful
consideration to manage overheating
due to low angle sun); south - 20-30
per cent (making the most of solar
gains, perhaps with horizontal shading
to avoid overheating by blocking high
angle summer sun).

Window installation details require
careful consideration to avoid thermal
bridging defeating the performance
of high-quality triple glazing. Windows
should be installed in line with the
insulation layer, ideally with insulation
overlapping the frames

Finally, Passivhaus specifies that
windows should open to provide
purge ventilation and to support the
management of overheating via night
time ventilation in the summer. The
opening windows will ideally work
together to provide ‘cross ventilation'’
across the floorplan, or 'stack
ventilation’ which is achieved when the
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“Passivhaus can
be achieved with all
standard construction
techniques and
shouldn'ti |mp|nge upon
design creativi

windows are at different heights.
e accurately predicted energy use
modelling via the Passive House
Planning Package (PHPP). The PHPP
tool creates an energy balance for
the project. Total losses are tallied by
source: i.e. from controlled ventilation,
infiltration (uncontrolled draughts),
thermal bridges, plus heat losses via
the walls, floor, roof and windows

These losses are then referenced
against the total solar gains from
the sun, plus internal gains from
occupants and equipmentin the
building. The difference is made up by
the heating system and this value per
unit of floor area defines one of the
fundamental performance metrics of
the Passivhaus standard. The model
tracks the design from early stages,
where it can be used to assess options
during design optimisation, through to
post completion where it is updated
with ‘as built values' such as the air test
resultand any changes to insulation
products used.

The PHPP model therefore acts
as the backbone for the quality
assurance process, since certification
is based upon the final ‘as built' PHPP
model.
e appropriate allowances and
frameworks for retrofit projects.

The Passivhaus methodology and
associated PHPP modelling is applied
to retrofit projects via the EnerPHit
standard."” The standard makes some
allowances for reduced performance
when dealing with existing buildings,
for example reflecting that building
orientation and glazing ratios are
already largely fixed.

The standard also makes allowance
for ‘difficult-to-treat’ buildings, via
the component route which instead
of setting an absolute performance
standard for the building as awhole,
sets performance criteria which
each element must meet, effectively
acknowledging that the building has
reached the bestit could be.

Finally, it is possible to undertake a
staged EnerPHit project, whereby a
whole building design is developed,
and the work is undertaken as part
of an ongoing asset management
programme as building elements such
as the roof, or windows reach a natural
point where replacement is due. This
staged EnerPHit helps to ensure a
holistic design is developed, avoiding
any false starts and conflicts between
early work and following steps.

e robust quality assurance
processes during construction and
commissioning, plus independent

certification. The Passivhaus standard
requires the submission of a detailed
set of construction evidence and
commissioning results to confirm that
the designintent has been upheld at
these later stages of the project.

Collation of this data and
preparation of the PHPP model for
the projectis undertaken by the
Passivhaus Designer, whose work is
checked against supporting evidence
by anindependent Passivhaus
Certifier. The status of Passivhaus
certifiers and designers can be
verified via a central database.?
Examples of the site evidence
required, and a typical site manager's
declaration are available online, for
example via Passivhaus certification
providers.'3

Itis essential that the construction
team understand and are onboard with
the requirements of Passivhaus. It can
help to either hire certified Passivhaus
tradespeople, or to have key members
of the team take this qualification. Itis
also recommended to appoint an Air
Tightness Champion for the project
to oversee connections between
trades and the delivery of key details.
Site training upfront, toolbox talks,
and subsequent visits by the designer
and sometimes also the certifier give

important opportunities to engage the
site team and spot any issues early on,
while they can still be rectified.

There are several courses which
would represent logical next steps
if youwant to learn more about the
Passivhaus standard and contribute
to the opportunity to decarbonise
the built environment as part of our
response to climate change.'* For
example, the Certified Passivhaus
Designer course requires a
commitment of roughly 100 hours, ata
cost of around £2,000.

REFERENCES

1) www.passivhaustrust.org.uk/guidance_detail.php?gld=51

2) www.bregroup.com/a-z/the-passivhaus-standard

3) https//passivehouse-database.org

4)  www.houseplanninghelp.com/wp-content/
uploads/2016/09/Exeter-City-Council-Scheme-Information.
pdf

5) www.passivhaustrust.org.uk/news/detail/?nld=859

6) https://www.passivhaustrust.org.uk/guidance_detail.
php?gld=41

7) httpsi//passiv.de/downloads/03_building_criteria_en.pdf

8) Using Passivhaus methodology to eliminate performance

gap: www.cibse.org/knowledge/knowledge-items/

detail?id=a0g20000008174b

Passivhaus Easi Guide: www.passivhaustrust.org.uk/news/

detail/?nld=899

10) www firstinarchitecture.co.uk/passivhaus-thermal-bridges-
and-psi-values/

11) www.passivhaustrust.org.uk/competitions_and_campaigns/
passivhaus-retrofit

12) https://cms.passivehouse.com/en/training/find-professional/

13) https://peterwarm.co.uk/resources#certification

14) https://passivhaustrust.org.uk/certified_training_events.php
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Please mark your answers below by placing a cross in the box. Don't forget that some questions might have more
than one correct answer. You may find it helpful to mark the answers in pencil first before filling in the final answers in
ink. Once you have completed the answer sheet, return it to the address below. Photocopies are acceptable.

Questions

1. Whatis the significance of emission reductionsin
buildings to the UK's climate targets?

O Marginal, there are few energy savings to be made within our
building stock.

O Pivotal, the UK's building stock currently produces 27 per cent
of our GHG emissions.

O Zero, savingsare available but prohibitively expensive to
deliver.

O Small, savings are available, but buildings represent a small
proportion of the UK's total GHG emissions.

2. Why are Passivhaus levels of energy efficiency essential
when seeking to decarbonise the UK's building stock?

O Because energy efficiency represents the most cost-effective
route to reducing GHG emissions from buildings.

O Because the savings delivered supportthe transitionto agrid
powered by renewables.

O Because efficient buildings support the adoption of heat
pumpsas gas boilers are phased out.

O Allofthe above

3.Isn't delivering buildings to the Passivhaus standard

prohibitively expensive?

O Yes, Passivhaus s a standard for ‘Grand Design' type projects
only.

O Yes, therelatively modest certification fees involved are not
recouped by the robust quality assurance process which
improves project quality.

O No, the uplift for achieving Passivhaus has fallen rapidly, from
15-20 percentin2015, to 8 per centin 2018, and is projected
tosettleat~4 percentasthe standard isadopted at scale.

O No, delivering the Passivhaus standard is now always entirely
costneutral.

4. Which of the following best describes Passivhaus
construction options?

O Passivhausis easiest to achieve when using timber frame
construction.

O Passivhausis easiest to achieve when using insulated concrete
formwork (ICF) construction.

O ThePassivhausstandard is ‘agnostic'in terms of construction
techniquesand has been applied to all standard construction
types.

O Passivhausis easiest to achieve when using traditional
masonry construction.

5. Which of the following is a simple metric for comparing the
‘form factor' of different design options?

O Formfactor = exposed external surface area / internal floor
area

O Formfactor = exposed external surface area x internal floor
area

O Formfactor =internal floor area/ exposed external surface area

O Formfactor =energy demand/internal floor area

6. Which of the Passivhaus standard's performance
thresholds helps ensure that an efficient building fabric is not
compromised by high levels of energy use?

O Space heating demand: <15 kWh/m2yr

O Primary energy demand (PER): <60 kWh/m2.yr

O Airtightness: <0.6 ACH @ 50 Pa

O Frequency of overheating: Internal temp. < 25°C for at least 90
percentoftheyear

7.What is the upper limit for a facade to count as South
facing, therefore maximizing solar gains during the heating
period?

0O +/-5degreesfrom South

O +/-10degreesfrom South

O +/-30degreesfrom South

0O +/-40degreesfrom South

8. The thickness of insulation required to deliver
Passivhaus....

O ....isnotimpacted by other design decisions on a project-by-
project basis.

O ....isthe same as that required by Building Regulations.

O ....canbelooked upinstandard tables and is fixed for all
projects.

O ....varies project to project, for example depending upon the
building's orientation, form factor, and other design decisions.

9. Whatis the airtightness threshold value for certification in
new build projects?

0O <0.6ACH@50Pa

0O <0.5ACH@50Pa

O Itisn't possible to say without first examining the building's
formfactor.

0O >0.5ACH@50Pa

10. Why isitimportant to manage glazing ratios for each
facade?

O Because North facingwindows do not see much sun.

O Because East/West facing windows receive low angle morning
and evening sun, making them harder to shade.

O Because South facing glazing receives good levels of sunand
therefore offers net energy gains during the heating season.

O Alloftheabove

Please complete your details below in block capitals.

Name (Mr. Mrs, Ms)

Business

Business Address

Post Code

email addre:

TelNo.

Completed answers should be mailed to:

The Education Department, Energy in Buildings & Industry, PO. Box 825, Guildford, GU4 8WQ.

Or scanand e-mail to: editor@eibi.co.uk.

Allmodules will then be supplied to the Energy Institute for marking
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“Energyin Buildings and Industry and
the Energy Institute are delighted to have
teamed up to bring you this Continuing
Professional Development initiative”
MARK THROWER Managing Editor

How to obtaina CPD accreditation
fromthe Energy Institute

This is the fifth module in the nineteenth series and focuses on
Passivhaus construction. It isaccompanied by a set of multiple-
choice questions.

To qualify for a CPD certificate readers must submit at least
eight of the ten sets of questions from this series of modules
to EiBlfor the Energy Institute to mark. Anyone achieving at
least eight out of ten correct answers on eight separate articles
qualifies for an Energy Institute CPD certificate. This can be
obtained, on successful completion of the course and notification
by the Energy Institute, FREE OF CHARGE for both Energy
Institute members and non-members.

The articles, written by a qualified member of the Energy
Institute, willappeal to those new to energy management and
those with more experience of the subject.

Modules from the past 18 series can be obtained free of
charge. Send your request to editor@eibi.co.uk. Alternatively,
they can be downloaded from the EiBl website: www.eibi.co.uk
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Terms: in submitting your completed answers you are indicating
consent to EiBI's holding and processing the personal data

you have provided to us, in accordance with legal bases set out
under data protection law. Further to this, will share your details
with the Energy Institute (El) with whom this CPD series is run

in contractual partnership. The El will process your details for
the purposes of marking your answers and issuing your CPD
certificate. Your details will be kept securely atall times andina
manner complaint with all relevant data protection laws. For full
details on the El's privacy policy please visit www.energyinst.
org/privacy.

To hear more from the El subscribe to our
mailing list: visit https://myprofile.energyinst.
org/EmailPreferences/Subscribe
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