Passivhaus: a route to net zero

Retrofit

We need to massively reduce operational energy in our buildings, but it is essential that we
think retrofit first, new build second. Retrofitting will play a vital role in mitigating the climate
crisis. There are substantial embodied carbon savings made in re-purposing existing
buildings, compared with the ultra-high embodied energy costs of demolition and rebuild.

EFFICIENCY & RETROFIT FIRST

If we are to live within the means of our
global system we need to radically reduce
energy demand and improve efficiency.
This is what the Passivhaus retrofit standard,
EnerPHit, delivers. We cannot simply
generate more zero carbon energy supply,
due to the limitations of grid capacity, peak
load & demands for renewable energy from
other sectors.

The EnerPHit approach:

» is an exemplar approach to achieve
net zero in our existing buildings

meets the predicted capacity of our
future decarbonised grid

reduces peak heat loads

drastically improves health &
comfort in buildings

provides optimum conditions for
productivity and learning

eliminates fuel poverty

EnerPHit gives us a robust methodology to
deliver the changes we need in our existing
building stock. This holistic approach helps
to eliminate the performance gap and avoid
unintended consequences, making the
EnerPHit methodology really helpful even
when a lower standard is being targeted.

PASSIVHAUS & FUEL POVERTY

In 2021 14% of households in the UK were
living in fuel poverty - that's 4 million homes.
The cost of energy crisis of 2022 will push
that number higher. The majority of all fuel
poor households live in properties with

an EPC of band D or below. A Passivhaus
retrofit of one of these homes would reduce
fuel bills, lifting thermn out of fuel poverty
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HOW FAR SHOULD WE GO?

Achieving net zero, increasing heat pump
efficiency, improving health and realising
broader societal benefits are most likely
to be achieved by a deep level of retrofit
resulting in significant energy demand
reduction.
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Passivhaus EnerPHit is an exemplar
approach to achieving net zero in our

existing buildings and meets the predicted
capacity of our future decarbonised grid.

WHY NOT RELY ON A
DECARBONISING GRID?

The grid has limits. Whilst the
energy offered by wind, solar and
tide is almost infinite, our capacity
to harvest that energy is not - there is a
financial and carbon cost for all renewable
technology And all the renewable energy
and storage capacity has to be shared with
all sectors (particularly transport).
e load that can be met. It is estimated
that the peak thermal load currently
demanded by our homes and delivered by
gas is 170GW. The current electric grid
capacity is around 100GW. If all existing
homes switched from gas to electricity
without demand reduction, 68GW would be
added to the electricity grid. However, the
National Grid ESO's Consumer
Transformation Future Energy Scenario

(FES) allows for only 30GW to heat our
homes at the coldest peak in winter

There are limits to the peak heating
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If all our homes also undergo deep energy
retrofit works to the EnerPHit standard, the
additional peak load reduces to just 14GW
in total - within the budget.
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Replacing a fossil fuel boiler with a

heat pump is not just a like-for-like

swap. Making a building suitable for
a heat pump is likely to involve some level
of demand reduction, and improving the
fabric will probably make a heat purmp
installation easier and cheaper. If we don't
reduce demand, then we could end up with
homes which cost more to heat than they
did with a gas boiler.

Electricity is currently around four

times more expensive than gas, so

we risk pushing more people into
fuel poverty, unless heat pump installation is
coupled with significant energy
improvement.

Relying on grid decarbonisation

means missing the opportunity to

improve the health and wellbeing of
millions of households.

ENERPHIT STANDARD

EnerPHit is the Passivhaus retrofit standard
There are two ways to meet the standard,
the heating demand method as with new
build Passivhaus, or the component method

ENERPHIT OPTIONS

1 Heating demand method

This approach typically delivers
buildings with a space heating
demand of <25kWh/m?a in the UK.

2 Component method

This approach typically delivers
buildings with a space heating demand
of 30-40 kWh/m?a in the UK.

3 Step-by-step approach

Work carefully planned & spread over
multiple stages. Suitable for heating
demand or component methods.

The heating demand method uses the
same criteria as Passivhaus Classic new
build, but with a small relaxation for certain
metrics. The component method is an
alternative approach that sets limits for
the thermal performance of the building
elements alongside the same targets

for airtightness, ventilation and surface
temperatures. The reason for this option is
to cater for buildings where the orientation,

EnerPHit (heating demand)

Space heating demand <15 kWh/m?a <20 /<25 /<30 kWh/m?a
Primary Energy Renewable o
(PER) S 60 <71/<655
Airtightness n50 <0.6 ach @ 50Pa <1ach @ 50Pa
Summer overheating Max 10% at > 25°C Max 10% at > 25°C
Surface temperature > 17°C >17°C

Ventilation 30 m*/hr.person

D)

* &

form factor and glazing preclude achieving
the required space heating demand, even
when the fabric has been upgraded to
levels commmensurate with Passivhaus
performance.

In the context of the UK stock, EnerPHit via
the heating demand method will result in a
retrofitted building with space heat demand
80% lower than the national average

COST OF ACHIEVING ENERPHIT
CERTIFICATION IN THE UK

Retrofit plans can be integrated into existing
asset management plans providing future
added value for large public sector clients.
This future value may be through occupant
health, capital value increase and wider
social value. The appraisal of social value is
based on the principles and ideas of welfare
economics and covers averall social welfare
efficiency, not simply economic market
efficiency We must move away from
decisions dominated by capital cost, and
instead understand and adopt whole-life
costing models.

The Passivhaus Trust has gathered some
indicative costs for single stage EnerPHit
projects completed by our members,

Depending on climate zone - 3 zones cover the UK with most
As an alternative, the previous requirement for the non-renewable Primary Energy demand can be used

30 m?*/hr.person

the country falling within the 25kWh/m?a zone

encompassing a range from £20k per

unit for multi-story flats to £45-£55k for
one-off projects (when applied at scale).
Emerging costs for some new residential
retrofits indicate EnerPHit at scale may be
achievable at notably lower costs in the
future. An EnerPHit retrofit of a school is
achievable within the Scottish Futures Trust
(SFT) funding metrics for new builds, when
undertaken as part of a full refurbishment.

Meeting the EnerPHit standard in a single
step is often beyond the reach of a typical
household and may exceed the budgets
of large landlords and estate managers.
Without new incentives and funding
packages to stimulate the retrofit sector,
the level and scale of work needed will not
be achieved. While markets and financial
incentives are being developed, buildings
can become ‘retrofit ready’ using the
EnerPHit step-by-step approach which
phases work over a number of years.

By using the step-by-step approach, work
can start now to deliver the buildings we
need in the future. As every building will be
retrofit ready, when markets mature and the
incentives and finance packages become
available, these retrofit plans can be rapidly
accelerated to meet 2050 net zero carbon
targets.
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Comparison with other
standards and guidance

Improved
fabric performance

Space heat demand limit:
<20, 25 or 30 kWh/m*a

or circa 20-60 for
component approach™*

Primary Energy or Primary

Space heat demand limit:

<50 kWh/m?a

with exemption up

No limit for overall

EnerPHit standard AECB Retrofit standard | LETI Retrofit guidance

Space heat demand limit:
<50 kWh/m?a

to 100 exemption up to 60 with an

exemplar target of < 25

energy

demand but direct elec. * Hot water demand limit
and new gas boilers are
not accepted (unless by

exception)

Energy Renewable limit
(equivalent to EUI limit plus
storage losses allowance)

e Overall Energy Use

Overall limit on Intensity (EUI) limit

energy demand
and emissions

» Surface temperature limit

« Surface temperature limit o Summer overheating limit

e Summer overheating limit « Ventilation rate minimum o o
o o o o Airtightness limit
« Ventilation rate minimum » Airtightness limit
Comfort and

health outcomes » Mould & moisture reduced

« Airtightness limit
 Radon evaluated

» PHPP modelling,
avoidance of thermal
bridges and airtightness

* PHPP modelling,
avoidance of thermal

bridges and airtightness Not addressed”

Closure of energy

« Verification by a suitably
performance gap

» Independent QA process qualified person

* LET! strongly recommends that a recognised retrofit standard and quality assurance process is used alongside the LETI guidance
** The component method has no space heat demand limit In practice in the UK it delivers within this range, typically projects remain between 30-40 kWh/m‘a

THE PERFORMANCE GAP Modelling shows that for an average home
to reach EnerPHit levels, an 80% reduction
is required. For the component method, this

is 72%. For the AECB/LET! criteria, it is 60%.

holistic whole building approach must be
taken. All approaches to retrofit, including
EnerPHit, require some augmentation

to deliver robust solutions addressing all
aspects of the retrofit performance gap and
unintended consequences. Refer to our full
paper Passivhaus retrofit in the UK for details.

The performance gap in new-build homes is
well documented - a conservative estimate
of its size is 60% additional space heating
demand. But the presence and size of the
equivalent performance gap in retrofitted
homes is not well understood. The root
causes of the new-build performance

gap all apply to retrofit. However, there is
less regulation in the retrofit sector and
contractors completing this work will tend
to be smaller with fewer specialist skills. If
anything, the retrofit performance gap is
thus likely to be even more significant than
in the new-build sector.

Irrespective of the targets being set, to gain
the maximum benefit from retrofit work a

As has been demonstrated in several
studies, the Passivhaus approach effectively
closes the performance gap using a
combination of rigorous design, dermanding
criteria and an independent certification
process. While all approaches in the table
above have criteria aimed at improving
fabric performance, supporting criteria to
drive overall energy reductions, comfort/
health and closure of the performance gap
are less consistent.
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https://passivhaustrust.org.uk/guidance_detail.php?gId=51

AN ENERPHIT INFORMED RETROFIT PLAN

Investigate
& model the
building in PHPP

y

Create EnerPHit
informed retrofit
plan (EiRP) -
include appraisal
of social value

heating demand
EnerPHit be achieved
within the capital
funding?

Could
a phased approach
over several years make
it affordable?

Can EnerPHit
via the component
approach be achieved
within the capital
funding?

Could
a phased approach
over several years make
it affordable?

Augment with
moisture / summer
overheating
risk assessments

Retrofit to
EnerPHit via the
heating demand
method

Augment with
moisture / summer

Create an EnerPHit
step-by-step plan

overheating
risk assessments

I

Augment with
moisture / summer
overheating
risk assessments

Retrofit to
EnerPHit via the
component
method

Augment with
moisture / summer

Create an EnerPHit
step-by-step plan

overheating
risk assessments

I

Consider alternative

AECB / LETI
approach

Augment with

»| additional criteria /

risk assessments
& independent QA

Retrofit to
AECB standard
or LETI
specification

Taking all these factors into consideration,
the Passivhaus Trust recommends an
EnerPHit-informed retrofit plan (EiRP) is
created for all retrofit projects. This will allow
for all retrofits to benefit from the distinct
advantages of the EnerPHit methodology.
This includes modelling the existing building
in PHPP to provide detailed calculations

of the existing fabric performance of the
building, which provides a base from which
various upgrade options, including a range
of energy performance targets, can be
tested Where projects adopt the EnerPHit
standard they will also benefit from the
performance assurance provided by the
EnerPHit certification process.

THE PASSIVHAUS TRUST RECOMMENDS
AN ENERPHIT INFORMED RETROFIT PLAN
IS CREATED FOR ALL RETROFIT PROJECTS

The EiRP is the right time to assess

any potential risks of overheating and a
summer comfort strategy should form
part of the approach for any retrofit.

Refer to the Passivhaus Trust's Avoiding
summer overheating guidance. PHPP 10
incorporates overheating risk assessment™.

Further Passivhaus Trust guidance on
moisture risk assessment in retrofits is
forthcoming,

An EnerPHit-informed Retrofit Plan can be
used to form the PAS 2035 improvement
options evaluation, and also form the basis
of a PAS 2035 Retrofit Plan.

LEARN MORE

Visit our Retrofit Campaign webpage, for
case studies, tools and further resources.

DOWNLOAD THE

FULL REPORT

Other primers on operational and embodied
carbon are available to download online,

© Passivhaus Trust May 2022 (v2)

*For existing projects working in PHPP 9 use the Passivhaus Trusts PHPP add-on, available through the Avoiding summer overheating’ guidance document
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