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3D: Innovations to enhance
building performance

Rick Holland, CEng PhD
Lead technologist

Innovate UK



Context

Green Construction Board Low Carbon
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Context

1. Retrofit of existing buildings
- Retrofit for the Future
- Scaling up Retrofit of Our Nation’s Homes

2. Low/zero energy new buildings
- Near Zero Energy Buildings by 2020

3. Buildings that operate as best they can
- Future Energy Management of Buildings
- Building Performance Evaluation



https://retrofit.innovateuk.org/
https://interact.innovateuk.org/documents/1524978/1866952/Scaling+Up+Retro+Fit+of+the+Nations+Homes+-+Results+of+Competition/1900b8ca-6a35-40a3-a767-4a3bf659da07
http://www.specific.eu.com/
https://connect.innovateuk.org/web/futureenergymanforbuildings
https://connect.innovateuk.org/web/building-performance-evaluation/overview

Building Performance Evaluation

https://connect.innovateuk.org/web/
building-performance-evaluation

®
- £8m programme of research
@gh - To understand the "Performance
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- Build knowledge and experience
on how to create assets that
perform at their best



https://connect.innovateuk.org/web/building-performance-evaluation

Speaker #1

Clare Hendry
Sustainability Manager at Hastoe HA

www.linkedin.com/in/clare-hendry-3173aa20



http://www.linkedin.com/in/clare-hendry-3173aa20

Speaker #2

Luke Smith
Principal Energy Specialist at National Energy Foundation

www.linkedin.com/in/lsmith88



http://www.linkedin.com/in/lsmith88

Speaker #3

Richard John
Business Manager at the Knowledge Transfer Network (KTN)

www.linkedin.com/in/richard-john-287b964



http://www.linkedin.com/in/richard-john-287b964

Workshop 3d:

Innovations to enhance building performance

Speakers: Clare Hendry (Hastoe Group)
Chaired by: Andrew Burke
Room: Cambridge Room

1111
. 4

Setting the standard for maintaining assets @NHMFOfficial
nhmf.co.uk/conference #NHMFConference




Wimbish Passivhaus

Clare Hendry
Sustainability Manager
Hastoe Group



About Hastoe

Over 7000 homes Jm o — %-—m
West, south and east England = | £ 00
62 local authority areas °m““‘1 T --"‘...""*
Rent and shared ownership s““%’“ e B

Affordable homes in rural communities
Fuel poverty and environmental sustainability




Wimbish Passivhaus

Hastoe

000 Group



Why Passivhaus?

North European low carbon building standard

Low tech “passive” measures, e.g. super
Insulated

High energy efficiency

Combination of low carbon building with Code
for Sustainable Homes

Lower running costs and supporting greener
lifestyles



Passivhaus

Provide 500mm Crown Loft Roll 40 fibre glass
quilt insulation laid between ceiling chords as
specified (laid in 3 layers, spanning alternate
directions - 100mm thk. at ceiling chord level, Trussed rafter roof to be designed by a
followed by 2 further layers of 200mm thk. ins.) specialist at 600mmc/c, to accommodate
Lifetime Homes 'hoist' provision & loads

Provide 285mm thk. Provide Internorm Edition®
compatible external louvered
blinds to first floor Southern
Facades as shown thus, to be

Neopor EPS insulation,
fixed externally as
specified in accordance

=

with manufacturers ) installed in accordance with
guidance i} manufacturers guidance
11
NOTE: 'Notional Air
Tightness Boundary'
190 x 620 x 215mm as shown ‘'red"

high 3.6N/mm?
Thomas Armstrong

AirTec 'Standard’
Wall Block inner skin \

(530kg/m®) - \ % ﬂ
thin joint system é Provide sunshades
j H as shown thus
' / I
% : {
- ! v ,
Relius through ; i g ' g Provide Internorm
] = A
coloured external 7 i : g Edition® range triple
render system as iy i /— glazed joinery (min.
specified, applied 74 4 H H J overall U;value of
in accordance with i - g 0.79W/m?K)
manufacturers 1 g g
guidance : : # #
il i Min. 400mm frost
$ H # F apron with protection
H-giv——J5 # ?
P

300mm In-situ reinforced concrete raft/slab

on 50mmconcrete blinding to be designed
by Consulting Engineer

Provide 400mm Styrofoam FloorMate 300-Astructural
insulation supplied by Dow Building Solutions, laid in
accordance with manufacturers guidance as specified



Why Passivhaus for Hastoe?

Innovation in sustainability
Replicable design

Approximately 25% of residents in fuel poverty
but likely to be more

51% of residents struggling with energy costs
Encourage take up in wider sector

° :

greening

Hastoe



L X X
Building Performance Evaluation

Technology Strategy Board (Innovate UK)

Funding for in-depth studies of domestic and
non-domestic buildings

Occupant Satisfaction

- BUS survey; Interviews; Resident evenings; PhD
studies

Monitoring leading to performance analysis

- Thermal comfort
- Energy: £ & CO,



Wimbish M&E Systems

* MVHR

» Solar thermal & boliler
supply heat to cylinder

* Cylinder supplies hot
water and space
heating via MVHR and
Towel Raill.




Heating

« Lack of radiators aids the spacious
feel
* |nitial concerns over control

« Residents creative with heat
generation — candles, soup, tumble
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Ventilation - purpose

Vital in an air-tight dwelling.
Remove pollutants
- odours, moisture, VOCs, Carbon dioxide

Supply fresh filtered air
- AIr quality, health and well-being

Deliver thermal comfort




00

Ventilation — in-use
Touch-screen controls: | "o e S
- Easy for some |ewo

- But not for others
- Not easy to explain all the settings

Few use much of the capabilities

Simpler controls, or none at all, may
suffice

Only turned off in one dwelling.

Hastoe

®e 0 CGroup



Ventilation - Filters

Get blocked up

Fan works harder to maintain air flow,
using more energy

Gets noisier

Eventually air flow compromised,
along with air quality, ability to deliver
heat, and heat recovery effectiveness

Filter replacement -
IS a significant cost:

LT T
[T 1\
| | l
LI LEN Ly
ar-20

| | ‘ [
Lo
I 3 May-2013 Jul-2013  Sep-




Blinds

Control over
solar gain

Close In
summer

Open Iin winter
Used more for
privacy

Design change

In subsequent
schemes

Hastoe

®e 0 CGroup



Electricity Use

Y P H Expe Ctati O n : » Electricity Consumption - year to 5 July 13 (ss5days )
efficient appliances;

4000

Conservatively used T E W
- Consumption
depends on occupant i~

numbers -

* Actually:
typical UK figures —
double Passivhaus,
fails primary energy

targedt.
J Hastoe

®e 0 CGroup



Gas use — annual (per m2)

Use varies

Stand out - £120 total per
year achieved

Aligns with PH
expectations allowing
for weather

Space heating demand
reduced by other gains

Solar may not be
making expected
contribution in all dwellings

Fabric might not be quite as
good as it ought to be. y4stoe

®e 0 CGroup
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Comfort In winter

« BUS survey: “never felt cold”

« Data confirms this, except:
- Where windows open

- Residents absent
- MVHR filter iIssues

« Warm everywhere in the house - able to
locate beds by windows.



Comfort In Summer

» Expectation that building fabric will keep
the heat out

 And residents will:

- Use blinds

- Open windows at appropriate times for
ventilation and to remove excess heat

- Avoid heat-generating activities.

» Reality Is that properties do get hot and
residents do not always follow advice.

. .:OiaOGﬁrOLJF‘)



Passivhaus for residents

EEVEE BT vim—

Ordinary people

Comfort — all year,
whole house

Healthy — contributes to
well-being

Very low heating bills
Easy to live with

Encourages sustainable  gs =i W g
living 5 BN

Hastoe

®e 0 CGroup
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Passivhaus for Hastoe

High resident satisfaction
~uel Poverty — improbable in a Passivhaus?

mproved ability to pay rent — zero arrears in
rented properties

Aspiration to reduce cost uplift of achieving PH
with each scheme

Maintenance considerations and budget
Implications
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Recommendations - Client

 Clarity over
- EXxpectations, including building performance
- need for quality

* Ensure appropriate levels of supervision
- retaining the architect or
- appointing a suitably qualified Clerk of Works

* A traditional design-and-build contractual
approach may not be ideal.
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Recommendations - Design

» Settle the design early, involve all parties
(including Asset Management)

* Focus on what works
- for the occupants
- for support and maintenance

» Assess sensitivity of the design to
variations:
* INn occupancy
- In behaviour patterns.

) SIOOY&
o
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Recommendations - Build

* Resist any material or equipment
substitution (or ‘value’ engineering)

* Where unavoidable, assess the
consequences
* Require:
- Workmen who understand the need for
guality processes

- The appointment one or more quality
champions



C X X )
Recommendations - Handover

Only the essentials on move-in day.

Detall for each household a couple of weeks
ater.

Reinforce, especially as seasons change

Encourage residents to ‘try it for themselves’
during the sessions

Provide context-sensitive (what-to-do-if) advice

Ensure support services understand how to get
the best from the Passivhaus dwellings

Repeat when the residents change.

(==

"&L:'t.’:; &) W S
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Recommendations — In-use

Conduct BUS Survey of occupant satisfaction
- Valuable feedback

- Research causes of adverse comment

- Comparison with peers

Ensure essential service actions, such as filter
changes, are carried out in a timely manner

Review resident understanding of how to get the
best out of their Passivhaus homes:

- Appliance choice and use
- Avoiding (and purging) excess summer heat.
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Recommendations - Maintenance

Producing a set of standard detalls

Designing fixing details for windows and doors
so that they can simply be renewed by unbolting
rather than cutting out

Standardising MVHR systems with easy clean
reusable filters.

Tackling condensation in roof spaces/external
walls

Mould growth on external walls



Recommendations - BPE

» Has provided much valuable knowledge
* Know how to improve future developments

- BPE.:

 can range from very simple to comprehensive

- what you do depends on what you hope to get
out of It.

- |f you wish to understand any gaps and remedy
them you will need data.

- Need to budget for kit, installation, and analysis
and reporting.

[ A}

Wl 13\’ W
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Wimbish Passivhaus Conclusions

« Delivers — confirms Passivhaus design is a
proven approach

« Significant benefits in reduced heating bills,
comfort levels (and theoretically health and well-being)

» Fabric-first Passivhaus iIs preferable to heavily
technology-dependent approaches to zero-
carbon housing.

« Hastoe remains committed to the Passivhaus
approach — 20% of development, 13 schemes,
110 units achieved so far but future delivery will
be challenging

[ A}

il & W
®e®e Group



Thank You

Wimbish BPE reports:

http://hastoe.com/page/760/Wimbish-
passivhaus-performs--Hastoe-releases-
results-of-two-year-study.aspx

chendry@hastoe.com
07540 122946

Hastoe
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ENERGY
FOUNDATION

Innovate UK BPE Meta Analysis
Social Housing Projects

Luke Smith, National Energy Foundation

NHMF, January 2016



The National Energy Foundation

* Not-for-profit independent organisation working to
promote the better use and supply of energy in
buildings

e Improving the use of energy in buildings

e Provide services for public and private sector
businesses to help reduce energy use and reduce
carbon emissions

e Focus on energy efficiency and sustainable energy

e Support for domestic and non-domestic buildings

NATIONAL
ENERGY
FOUNDATION



NEF’'s work with RPs:
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Why we work with RPs

e Very large impact potential (numbers and
performance of stock)

e Aligned values

o Benefit to fuel poor

e Area-based catalyst

e Demonstration potential

e Research potential

NATIONAL
EMNERGY
FOUNDATION



Background to the IUK BPE programme

About the NEF BPE Meta Data Analysis

Summary of findings and arising opportunities

NATIONAL
EMERGY
FOUNDATION



Innovate UK- Building Performance

Evaluation Programme

2010 - 2014

|f MIK“

Technology Strategy Board
Driving Innovation

e Over 100 new build projects + 3 refurb

e 49 non-domestic studies, 56 buildings

e 52 domestic studies, 366 dwellings

e Completion and early occupation / in-use

e Energy use typically 2.5 - 4.5 times predicted

NATIONAL
ENERGY
FOUNDATION
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Background to the IUK BPE programme

About the NEF BPE Meta Data Analysis

Summary of findings and arising opportunities

NATIONAL
EMERGY
FOUNDATION



NEF BPE Social Housing Meta Analysis

- 28 RP-led / Social Housing projects
(54% of total) — 83 test dwellings

- Key success factors vs. practices

which resulted in a significant
performance gap

* Project by project review

Context Performance Gap Process & Culture

"/:;-Eener'al data "/:: Energy performance "/::Pr'ncuremeni' process

> Organisational assessment > Design process

data > Fabric testing > Construction process

= Occupancy data > Building services > 0&M process

> Property dafa > Thermo-hygremetric || > Handover

= Construction data comfort > Commissioning

= Building ss'li[es_’j > Indoor Air l..'l.ldlhr_/‘ > Soft landings _/'

Phase2f-g % ////////////// Igﬁa/se 1 only

ﬁ
%% ..
S

50%
Phase 2 only

Phase 1 - post completion and early occupation
Phase 2 - in-use and post-occupancy

v" Aggregation of
the findings

NATIONAL
EMNERGY
FOUNDATION



Context setting

Traditional procurement using SBCC 2008 I 4% Contracting

Traditional + Design and Build post planning I 4%
NEC3 Engineering and Construction Option A 2005 W 4%

Traditional I 7%
Partnering scheme I 4%

JCT Traditional Intermediate Form of Building Contract I 7%
Unusual procurement being the project a test construction BN 4%
Traditional, with standard JCT I 4%

Design and build I 4 3%
Not stated N 21%

Tenure type Occupancy type

29%
25%
Other 0 7%
18%
7% 7% 2% 29 7% Elderly = 21%
[0)
- - — — - Sheltered 0 4%
Mixed 61%
O N \¥ o \¥ \O O et
) N\ Q o Q
W .\6\‘6 ‘ r()\\e’o Qe ge“o @e‘(‘o S Unknown = 7%
RONNRC S Te N NATIONAL
O EMERGY
FOUMDATION



Property data

Property type
Unknown B 5%
Bungalow B 10%
Flat/ Apartment [N 35%
House I 49%

Cottage I 1%

28% ® Experienced in sustainable
building design

61% = Not experienced in
’ sustainable building design

11% = Not stated

Construction Standard

Ecohomes - excellent [ 7%

Green Guide to Housing 0
Specification B 4%

CSH Level 6 [ 2%
CSH Level 5 [ 14%
CSH Level 4 Y 31%

CSH Level 3 [ 6%

Passivhaus [N 14%
National Technical Standard N 18%

Unknown B 2%

NATIONAL
EMERGY
FOUNDATION



Construction data

Building thermal mass Main glazing type
= Unknown
22% 19%
36% 37% = Unknown r\ = Double glazing
® Double glazing low-e
m Lightweight
57% . m Triple glazing
- 23% 6
= Heavyweight ° 7% _ _
. m Triple glazing low-e
As desighed U-values

0.35
;"; 0.30 : - - - - - - ' Part L1A - walls
& ® ®
€ 0.25 e — - - - - - ' Part L1A - floors
= e e ®
[0) 0.20 Q Q_0.0 L) Part L1A - roof
= : - e o -
© @ o o ] - C
% v e o e *
3 0.15 o - H -

.0 “* o 2 o e @

) eTe ° - CQ e ewee
2 0.10 . ¢ ) evee ° g ¢ 8 °
a o

0.05

0.00 AL

@® Main wall @®Main ground floor @ Main roof \TION



Thermal transmittance (W m2K1)

Fabric testing — building envelope

Design vs As Built External Wall U-values

070‘ ---------------------------------------------------------------------------------- 1
! 1
1 H - -
' » Average design U-value = 0.164 W m-2K-1 :
1
1 -
. » Average as-built U-value = 0.220 W m—=2K1 (+25%) !
i ! . o | 190%
0.60 . » 9 properties (32%) > Part L1a 0.30 W m—K! ! i)
__________________________________________________________________________________ 1
050‘ 332% 162%
P% 153% X 91%
0
1634;( +
X
0.40 - 207%
X
113%
154%
X X 61%
0.30 X ¢ T3 o
X 31% gy 33% x  20% i Lo O
0, 00
80% 9% 700x 14%5¢ X o X X
0
0.20 ] 26% 36% 20% f¢ X X é O O () O O 8% 15%
25% ) X x 0-0/0-0-0-0-0-0-8-0©C X
71% 8% O \
XX oy 3. %.0-0-0-0°C -14%
26%  20% 2.0-0-%-0- 0000} X X X X
X 14%x OO O-O- &K R X 7% -22% -33%X -44%
0.10 boéo 8% X 8% K14y 13% -43%
23% -29%
-36%
0.00 -
YOO YOOy O OO ddddosodadudddyoadddy
R TR R R R R e R R R R R e E A B P b
A NANT AT A AT T AN AN NO OO AT IO O T ANANNTO O AT A A A AT ATNNOOANAOOAOO O O
[ T o Wy W o Wy Y o IO Y o I Y Y Y Y o Iy Y Wy WY o Y Y o WY Y I Y Y Y Y o Y WY o Y Y o Y Y Iy Y Y Y Y Ty Y o Iy WY o Y WY o Y Wy o O Wy e WY 0 T

O Design U-value X As built U-value = ——Part L1A limit

BPE test dwelling ID



Fabric testing — building envelope

Performance gap frequency

17%

+100% above target ’

8%
50-100% above target Walls

Below as-design
15%
25-50% above target

27% 44%

0-25% above target +100% above target Roofs

33%
Below as-design

11%

22%
0-25% above target

al 11%

11% 25-50% above target
50-100% above target

» 1 out of 9 as built met design U-value
» Lots of reporting of loft insulation disruption

» Improve insulation detailing on cold and warm
roofs, dormers, etc.

_____________________________________________________________________________________

NATIONAL
EMNERGY
FOUNDATION



Fabric testing — airtightness

> Average design: 4.93 m3m-2h-t 119, Performance
> Average as built: 4.4 m3m-2h! (-10%) +100%ab°\/etafgv gap frequency

706% 18% 46% .
16.00 - ¥ 50-100% above target Below as-design

14.00 - 12% - 25-50% above target\-

13.00 - 11%
0-25% above target

9.00 - 1§g,% 8%%
\ 5%5(6%%2% 000 2}%2%

158% o
7.00 - & X -26%

39% 23% %
98%1Q09 b X
6.00 - 19 SE%0% | ¥ 429 439540%
5 Loow 5 Y 3% \agw X
5.00 - 135% W | 0000088 -40% -43% ~ -44%
A 190 % g X say | 46%
i 9 0 24% 53%  _a2062% nagl
4.00 75% 28% 19% 13| 0OSB 5% o &% X H63% X
40% X X X" X -60%
3.00 - 233% % x 00000000KOOR0O ¥ o4
5 71% 118%x 40% O-C 3% -3% 460/—60A
. . 102% 000000 X T
00 ) 6025% P 259, 89% 66% X19%

1.00 - X -10%_15 X X -33%

Sgéééoégsag%ooooo X
0.00 ~15%-22% .

Fabric air permeability (m3 m2h1@ 50 Pa)
00)
o
o)

O Designed air tightness % In situ air tightness testing ~ ——Part L1a limit —— Average UK



Energy system commissioning

3% - Value engineermgS% Other

4% -Handover "
4% - Occupa nts ‘

8% - Controls '
Occurrence of

10% building
Commissioning services issues

25%
Services design

25%
19% Installation

0&M

» Services design & installation: shortage of skills and training
» Maintenance: often neglected throughout the building service life
» Maintenance: crucial requirements for ongoing support after handover

NATIONAL
EMNERGY
FOUNDATION



Key issues per property with MVHR installed

——————————————————————————————————————————————————————————————

» 67% of the plots

» 1.14 issues per MVHR-equipped
property

» Issues commonly reported:
unbalanced supply extract; blocked
filters; occupants’interference i

(noise!); no access for maintenance;

» \Vulnerable households and ineffective
maintenance regime a key issue

> Applicability in social housing is
questionable...

Services design - 0.30

0&M-0.32

Installation - 0.23

Value engineering - 0.02
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Space heating

Key issues per property - specified space heating energy systems

m Controls
1.80

B Handover
1.60
1.40 B Occupants
1.20

B Commissioning
1.00
0.80 0.50 B Value engineering
0.60

B |nstallation
0.40

0.50
0.20 ®O&M
0.00
Exhaust air heat Biomass boiler Air source heat ~ Ground source heat Communal heating  m Services design
pump (combi) pump pump CHP

» Marginal occurrence of issues in conventional fossil fuel boilers
» Up to 1.60 issues per heat ASHP pump (8x installs)

» The industry copes well with established techs but relatively badly with
newer technologies stressing the crucial need of training

NATIONAL
EMNERGY
FOUNDATION



Discomfort and poor IAQ

Discomfort and poor IAQ occurrence across the BPE test
dwellings

Under heating
45

» Overheating: occupant window
opening behaviour, sub-optimal
building design and glazing
specifications

Overheating

> Poor IAQ: especially in Poor 1AQ
mechanically ventilated buildings

> Low levels of underheating &
discomfort: not widespread, good
for fuel poverty

Hygrometric issues

Yes No Insufficient data

NATIONAL
EMNERGY
FOUNDATION



Process & Culture

Process rating

Procurement
20
18
16
14

.
°
°®

Handover

®e
.
®e
)
.
.
.
®e
o
0
.
®e
.

0&M ““ Construction

------- Good practice  +--++--Bad Practice  -------Insufficient data

Design: few issues. Failure to
recognise the importance of
early design and specification
decisions.

Construction: only 5 of the 28
projects reported that
substantial problems occurred

Handover: generally positive

induction and the way occupants
are introduced to the building

NATIONAL
EMNERGY
FOUNDATION



Process & Culture

Maintenance Impact Assessment

3 - High impact
3 - Medium impact
- Low impact

3 - Unknown

O&M:

» large number of problems

» ongoing occupant support
is often missing

10

Good practice

» Access to plant e.g. MVHR
filters etc.

» What are the
maintenance
requirements exactly?

5 - High impact

2 - Medium impact

- Low impact

16

Bad practice

8 - Unknown

» Skills — complex arrays of
technology

2 - Insufficient data

» Priority for RPs to address
the performance gap

NATIONAL
EMNERGY
FOUNDATION



Background to the IUK BPE programme

About the NEF BPE Meta Data Analysis

Summary of findings and arising opportunities

NATIONAL
EMERGY
FOUNDATION



Summary

e BPE essential to understanding and allowing us to bridge

the performance gap

e Steep learning curve — BPE requires considerable
planning and investment but is critical in improving

processes and approaches
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e Awareness raising and staff training

e Soft landings

e Standardisation inc. commissioning processes
e Structured handover

e Knowledge transfer — designh teams > contractors > hand

over

NATIONAL
ENERGY
FOUNDATION



Data handling is also key....

iAIM IUK feasibility study with JRHT

NEF and NES in partnership offering RPs an energy

support service that fully integrates with traditional

asset management practices. & National Energy Services

NATIONAL
ENERGY
FOUNDATION



NATIONAL
ENERGY
FOUNDATION

Executive Report downloadable at:

www.nef.org.uk
or through ° ——
_connect =

Thank you

ENERGY
FOUNDATION

luke.smith@nef.org.uk e




