Delivering Passivhaus
In the UK

1st UK Certified Passivhaus Offices - Canolfan Hyddgen
15t UK Certified Residential new build - Y foel

Project Drivers

Applying Passivhaus concept & principles

Design details & construction method

Energy Monitoring & Post occupancy evaluation

Challenges to Passivhaus construction in UK




Sustainable Architectural Design
Passivhaus Consultancy
Low Carbon Solutions

Our philosophy is always to reduce
energy consumption & associated
CO2 emissions first, and then apply
appropriate renewable technology

domestic & non domestic

WWW.|pwconstruction.idps.co.uk

to achieve carbon neutrality where viable.

Approved
MVHR
Planners

HII’@




Dyfi Valley Path Finder (DVPF)

Canolfan Hyddgen

WAG/PCC Funded Scheme
Property Rationalisation

Reduce energy consumption,
fuel bills & overheads

Maximise revenue through
design and management
Strategy for multiple tenancy
& Community use

Reduce Carbon Footprint

Client requirement

PHI Certification & BREEAM Excellent Certification
(First time In UK that both standards have been applied simultaneously)




Low energy = Low carbon

Powys County Council - Carbon Management Programme
Targets Co2 - reduction of 30% by 2012 and 50% by 2017

Potential cumulative carbon saving of 39,000t and a financial
saving of £7.8m over the next 5 years

Passivhaus
less energy - more comfort




BREEAM Principles

A Range of sustainable issues & targets

Management

Health & Well being
Energy

Transport

Water

Materials

Waste

Land Use & Ecology
Pollution

Canolfan Hyddgen achieved - 84.4 - Excellent
Highest score to date in Wales
BREEAM 2009 Award for Offices




Passivhaus Concept
& Principles

Focused on reducing energy consumption

Space heat requirement which in the cold season is
the major energy consuming service in buildings is
reduced by means of passive measures to the point at
which there is no longer any need for a Conventional
heating system

The air supply MVHR system essentially suffices to distribute
the remaining heat requirement

Minimizing heat loss is fundamentally more efficient than
strategies relying primarily upon passive or active solar use




Principle Energy Targets

The space heat requirement of a Passive House must not
exceed 15 kwWh/(m2a). This is less than one fifth of the
energy requirement mandated by the building regulations
currently in force in the participating countries.

Total Primary Energy Use (Appliances, lighting, Ventilation,
Pumps, DHW) must not exceed 120 kwh/(m?a). Lower than
average consumption of European new build by factor of
2to4

Maximum Heat Load 10W/m2




Specific Energy Consumption kWh/(m?a)
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First 3 are crucial to Passive House Concept
Space heating > 15 kWh/(mZza) - 10w/m2

1.Super Insulation
Exceptional thermal envelope preventing thermal bridging
and air leakage > 0.6 h-1(40% factor lower than EU best)

2.Combining efficient heat recovery with supplement ary
supply air heating

Optimized continuous supply of fresh air. Excellent indoor air
guality.Supplementary air heating when required. Subsoil
preheat pipes further reduces need for supplementary heating

3.Passive Solar Gain

Windows dimensioned to provide adequate daylight will provide
approx 1/3 of minimized heat demand via solar gain. Triple low

emissivity glazing in super insulated frames produce a positive

energy balance. Enhanced by Un shaded south orientation.



The Specific Climatic conditions

Specific PH solutions must be adapted for each
territory and climate under consideration.

Differences in solar gain & thermal mass being
the main Reason. In other regions, other energy
services, like cooling or dehumidification, could
be of greater importance than heating.

Passive House solution can be soundly applied
iIndependent of the geographic and climatic
circumstances with careful planning.




Local & National Building Traditions &
Supply Chalin

Passive house Construction Method in Germany
70% Masonry

15% Concrete

15% Timber

Passive house Construction Method in Austria

80% Timber Frame

20% Concrete & Masonry

Successful Passive Houses adapted to traditional regional
construction practices and vernacular styles




Passive House Qualities — five basics ‘ Q
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Design
Detall

Elements must be combined & considered in detail to

produce a holistic outcome depending upon :
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Alir tightness

DVPF — non domestic

n50 =0.249 -1 @ 50Pa (PHI requirement is 0.6)
050 =0.27m3/(h.m2) @ 50Pa (UK measurement)
Y Foel - residential

n50 =0.247 -1 @ 50Pa (PHI requirement is 0.6)

050 =0.250 m3/(h.m2 ) @ 50Pa (UK measurement)

EST Advance Practice requirement is 050 = 1 m3 /(h.m2 ) @ 50Pa
UK best practice for mechanically ventilated 050 = 2 m3 /(h.m2 ) @ 50Pa

UK General non domestic & domestic 050 = 10 m3 /(h.m2 ) @ 50Pa

L2A UK Assumed air leakage provided TER is achieved using
NCM (under 500m2) 050=15m3/(h.m2 ) @ 50Pa




Ventilation System

Auxiliary heat load to top up Solar &
Internal gains at times of peak load
(e.g. Mid W.inter) are calculated.

This Auxiliary load is very low and and is
often only needed for 4-5 months a year in
winter. Common solutions include:

Gas, LPG, Oil boiler

Bio fuel - wood pellet / wood chip boiler or
stove

Electric Heaters in ductwork
Compact Ventilation units

The above methods are often combined
with pre heat ground pipes, heat stores &
SHW systems




De-Centralised & Centralised Ventilation System
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DVPF - Canolfan Hyddgen Thermography report - Secure night

time cooling

File: Date:
DVPF SUMMER COOQLING 3.BMT 01/07/2009

Measuring Time:

23:49:26

Picture markings:

- Measure point 2
L0 p

2.8 Measure point 4

Measurement Objects Temp. [°C] | Emiss. | Refl. temp. [°C] |Remarks
Measure point 1 215 0.95 19.0 Formpave SUDS system
17.3 0.95 19.0 Weather board & thermal
envelope
Measure point 3 172 0.95 19.0 Grasscrete
218 0.95 19.0 Masonry Wall

0.0 Histogram:
19.0
18.0
~170 Profile line:
- 16.0

- 150

Seimam: 18300 Magnam: 218 % Avenpa: 85 %0

Remarks:

Thermal image shows absorbtion of heat by masonry surface during day which is released at night

Review:

Picture parameters:

cooling mode

Images taken of intake and exhaust Vents of Decentralised ventilation system in summer secure night time

Emissivity: 0.95
Refl. temp. [°C}: 19.0




Picture markings:

Measurement Objects Temp. [°C] | Emiss. | Refl. temp.[°C] [Remarks

Measure point 1 18.1 0.95 19.0 Weather hoard surface
temperature

Measure point 2 174 0.95 19.0 Intake vent for Zone S3

Hot spot 1 254 0.95 19.0 Exhaust Vent for Zone 83

Profile line: e 24750 Average: 195 %C

Summer Bypass in Position

Ventilation System @ Level 3
purging rooms and thermal mass

IT suites experience higher
internal gains and take longer to
purge & Cool

l I CONSTRUCTION




4 & 5 are necessary to fully minimize:
Energy Consumption and CO2 emmissions
Primary Energy > 120 kWh/(m?Za).

4. Electrical efficiency means efficient appliances

Fit Passive Houses with, efficient appliances, hot water
connections for washing machines & dishwashers,
airing cabinets, CFL’'s & DC motor ventilation systems.
These measures greatly reduce energy consumption
without any loss of convenience or comfort.

5. Meeting the remaining energy demand with renewab les
Cost optimized Solar thermal systems can meet approx 40-60%
of low temperature demand for DHW.

Minimized remaining energy consumption (DHW, Space Heat
& Electricity) can be met by cost effective renewable sources.

Outcome is affordable low carbon buildings with low fuel bills






Economies of Scale & Supply Chain

Extra build costs for PH Standard in Netherlands were initially
(8-12%) higher due to fewer projects.

Similar costs were expected initially in the UK - Import costs,
‘unfamiliarity tax’, Skill base. However not as high as expected.

German & Austrian experience has shown that initial 10%
Increase in costs reduced to O - 4% as supply chain of
components/materials and network of contractors and Architects
Increased.



Program: project initiated in August 2007 WAG grant of £750k
expended during financial year 2007/08

Pathfinder - 410m2
Basic building £1537/m2
iIncl PV's & green roof £1721/m2

Incl PV's & green roof & canopy £1784/m2

BRE & Faithful & Gould report, dated Sept 2008, stated
benchmark

Secondary school of 3116m2 to meet Part L2 Building Regs cost
£1711m2

Addition to meet Breeam Excellent £1789 to £1858m?2



Private Client

The aim of this project was to achieve
an Autonomous Carbon Neutral

2/3 bedroom home without loss of
comfort.

The project

follows a two step philosophy:

1. Reduce Energy Load & water
Consumption — Passivhaus Concept
2. Implement on site Renewable
Energy Generation & Carbon
Neutral Auxiliary Heat Source

Client requirement
PHI Passivhaus Certification






Comfort Ventilation System (MVHR with GSHX pre heat)



Compact Unit Ventilation System (MVHR, DHW, Heat Pum p)



Semi - Central Ventilation System



Central Ventilation System



People Power

Skills & Teamwork Client & Occupant Feedback



Nordrhein-Westfalen NRW region Germany supported ‘solar
settlements’ (Planning permission given only for Passivhaus)

Survey of 150 Households — reason for choice

51% Personal environmental convictions

16% Encouraged to do so by Architect

12% Due to location of development

Space heating demand Very similar for all occupants
House design limits use of energy & resulting CO2

However, 51% who bought due to personal convictions had a
much lower primary energy . (Energy Awareness)



Post Occupational Evaluation — POE

Successful design & standard of construction
88% Occupants would buy a Passive house again

High level of satisfaction & personal Comfort
33% Very good - 55% good - 9% satisfactory

Only a small % were able to evaluate their levels o f
personal primary energy consumption



Reducing Overall Primary Energy Demand

Change the:

Building? (Architects, Engineers, Construction Indu stry)
Limit Space heating & Cooling requirement

Occupants? (EST, Carbon Trust, Carbon Credits)
Limit operational energy

Energy supply? (National Grid — Utilities, On site g  eneration)
Decarbonise the energy supply



Challenges to
Passivhaus Construction
In the UK



Planning, Construction & Regulation
Framework

Client Awareness of benefits — Early Adopters

Planning / Bldg Control / Conservation integration

Avallability of Supply Chain, Products & Services
Design - Procurement - Construction — Commissioning

New Calculation methodologies V existing standards

Heating systems to meet lower heating demand
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