Purpose of CLR is to increase understanding of & confidence in retrofit

* Improving understanding of existing buildings - types, constructions & building
physics, before/after

* Increase confidence in retrofit to improve comfort levels, reduce running costs &
GHG emissions (is ‘materials agnostic’ except wrt moisture — building physics
dictates appropriate use)

* Help close the performance gap

* Reduce risks to building structure and occupants health

* Promote more robust retrofit strategies

* Develop ambitious but pragmatic thermal performance targets

 Promote whole building approach considering the hygrothermal performance of the
building fabric + synergy of ventilation, heating/cooling

By:

* Using and making accessible high quality existing knowledge & expertise

* Providing accessible & affordable training,

* Creating a certification scheme to certify retrofits projects,

* Encouraging members to monitor retrofit projects and share results

* Encouraging investment in R&D by industry and government where required
* Working with other organisations where possible (UCL is a partner)



Birmingham Science Park Aston running a programme of 30 climate change practitioners
onto European-funded exchange programme. AECB now offers placements.

Pioneers into Practice (PiP) exchange
programme: AECB placement, May 2013.
Tim Martel

43, graduated 2 years ago with 1st Class
Hons in Architectural Technology.
Dissertation was on "Orientation and
Spacing of Passivhaus Developments"
which used PHPP to find a matrix of
solutions for Passivhauses meeting 2 UK
daylighting requirements. Took the
Passivhaus Designer course with the BRE,
passing the exam in Dec 2011. In 2012
worked for a year with Peter Warm
organizing their CarbonlLite courses and
carried out some PHPP certification work.
Currently working with AECB on helping
develop its CarbonlLite retrofit
programme. AECB hosted Tim on his PiP
placement, PHI are the exchange partner

http://www.innovationbham.com/news/birmingham-science-park- (1 mOnth In NOV 2013)
aston-enrolls-30-climate-change-practitioners-onto-european-funded-
exchange-programme/
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CLR — main elements:
indication of progress to date
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DECC small funds bid

AECB believes that the UK lacks sufficient knowledge to underpin a thorough retrofit
program. Work packages 1 to 6 below are animportant part of improving the I;npyvvl,e_,dgg'
base.

Topicsto be studied:

Ventilation

Heating Controls

Measured Moisture Problems

. External Wall Constructions

(a) Pre-1930s cavity-walled dwellings misidentified as solid walls

(b) Modern brick-clad timber-frame walls misidentified as cavity walls
(c) Hardwood-frame pre-1850 dwellings misidentified as solid walls.
5. Non-Standard Heat-Saving Measures

6. AirLeakage Control

Bwne

It could use the local AECB network to help do this, led by a core AECB / DECC team. It could
liaise with English Heritage, STBA, SPAB, local experts in Hfds. (Barrie Morgan, Marches
Conservation Services), Glos., Worcs., Oxon. (Richard Oxley, Oxley Conservation Services
Ltd.), Gwynedd (Voelcker Architects), other counties. Also with RICS.

DECC may wish to consider whether any work supported should relate to England and
Wales only or to Great Britain. There are significant regional and national differences in
building construction, also in Building Regulations.
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Type

Standard Owelings
Det Bungalow
SemiDet Bungalow
Small Det Houde
Petiod End Tesr
Small SesriDet
Modern End Terr
Large SemiDet
Large Det House
Period Mid Tesr
Modern Mid Terr
2 Bed Flat 1

Modern 3 storey town house '
Old 3 storey town house

- Masonry Solid3 |

Wall construction

Thickn

| Code Age  |mm) Material

| Masorey Cared | 350 masonry

- Masorry Cine2 - 215 masonry

- Masorwy Cined | 19004 masonty

- Masorwy Caned | 10504 _masonty
Timber1 Bardwood
Timber2 ; hardwood
Timberd | hardwood
Timberd I softwood
TimberS | softwood

. Timbert ! timber

Masonry Soldl | 192545 200 Poured In-Sity

mmsow! - 225 Poured InSite

19528 Peured a-She

 Masonry Solid4 | 19405605 200-300 Poured #n-Situ

Precast Renf Conc

Precast Reinf Cone

[note: beware current assumgtions a

Involve for example, thermal imaging
More info st CLR Techeical Resources

Main Building Types - by wall construction

Description
Solid masoney wall - thick, 350 mm b
Solid masoery wall - thin, 7 1S beik

o Cavity Walied ¢ 1000 cowards, early
& Cavity Walled ‘Modern’ later 20th C. ¢

Historic hardwood frame, post and be
Mistoric hardwood-frame, post and be
Historic hardwood-frame, post and be
Historie softwood, Timber Frame, rar
Late 20th C Soft Wood Timber Frame,
‘Modern soft wood timber frame - brk
o Laing East-Form, 8° thick solid no-fine
with 27 cavity, usaally finished extern
of 3" thickness separated by » 2° cave
Mowlern Solid wall types 225mem thi
v Mowlern Cavity wall types. A cast in o
mass concrete for the inner blockworl
Wimpey No-Fines in situ cast no-fines
thickness, sfter 1964 wally were comr
DPC level the esternal walls maybe of
walls muy®e tile faced or weather boa
door and window openings.
Alrey. Post and panel construction. S1
cast concrete shiplap panels secured t
 Boot, Extermal walls trained i concret
oanels. olastered internally and roush



Typlcal sub sets —bU|Id|ng systems
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BRE — standard dwelllng types for energy modellmg
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Type A/V  Form Factor
) Det Bungalow 1.13 3.9
) SemiDet Bungalow 1.07 36
) Small Det House 089 29
) Period End Terr 0.85 2.7
J Small SemiDet 0.80 2.5
) Modern End Terr 0.79 2.6
} Large SemiDet 0.78 2.5
| Large Det House 0.76 2.5
7 Period Mid Terr 064 20
3 Modern Mid Terr 0.63 2.0
)| Low rise block 2 Bed Flat' 053 1.7
.| Modern 3 storey town house 0.52 1.6
) Old 3 storey town house 0.46 1.6




Thinking ahead about CLR building certification — and need for thermal backstop target / criteria:

Certification —
does not ask for
PHPP!

Thinking that due to
‘unforseens’ &
variations cf to the
‘classic type’ that the
space heat
requirement should be
a target only. However
a whole house
approach would still
be required — evidence
based checklist

CLR programme requires a backstop whole house target (later non-dom?) that ensures no project
can be certified unless it adopts a minimum level of thermal performance.

The target needs to recognise that for many properties certain elements may not be upgradeable for
reasons of disruption, costs and given this may not represent a worthwhile investment for the
increase in comfort or energy savings resulting. For similar reasons the use of MVHR may also be
more appropriately replaced with whole house MEV as part of this approach.

Previous work under the LEAF project by Simmonds.Mills/David Olivier/Alan Pitherand other work
by David Olivier using PHPP indicate that a realistic space heat demand of around 100kWh/m2.yr
could be achieved at reasonable cost and effort. However the building stock containsa number of
different house types and construction types:

e Application ofany thermal standard will be more difficult/expensive:
o for some construction types compared to others
o For buildingswith different heat loss areas: volume ratios (S:V ratio)

The minimum CLR standard could be expressed simply as 1) a max. space heat demand that all
house types must achieve on CLR retrofit to be certifiable OR 2) a typical max. heat demand with
variations for each house type based on the S:V ratios (high S:V types have a higher heat demand
allowance).

1) Meansthat high S:V ratio homes may be more expensive to retrofit under CLR (e.g. small
bungalows), there is an element of social inequityin this approach, unless funding

marhanieme ralintarthic IR Partnar fiindina marhanieme ranld natantiallutaba thic inta

...also 12 — 24 months fuel use must be agreed to and

added to LEBD



Comparing to AECB Silver (currently Silver is AECB self assessment standard so
is a useful format to start from)

Energy Performance ﬂ

» Specific primary energy demand according to PHPP <120kWh/(m?*.a)
e Air leakage (n50) =1.5 h'! if balanced ventilation with heat recovery used or <3 h if
mechanical extract ventilation is used”.

¢ Specific heat demand according to PHPP sAOkWh/(m’.a)ﬂ ﬂ

Thermal Bridges

The Passivhaus approach of designing out thermal bridges and using external dimensions
simplifies modelling and guards against problems such as mould and condensation. For these
reasons it is recommended that where possible designs are thermal bridge free according to
the Passivhaus definition. Where it is not practical or economical to achieve a thermal bridge
free junction, the additional heat loss must be determined. If no calculation is submitted, then
the decision as to whether a detail i1s thermal bridge free may be queried at the AECB's
discretion.

4

Very important to factor in thermal bridges: heat loss, mold growth,
surface temperatures. These are areas where moisture related
problems often exist and these should be improved not retained or
made worse by retrofit measures.



AECB Silver Standard criteria

The AECB Silver Standard can be said to be achieved where a building that is designed and

modelied using PHPP' in accordance with current Passivhaus methodology meets the
following requirements.

Parameter Target Notes
Delivered Heat and S 40kWh/(m?.a According to PHPP and Passivhaus
cooling 100? A:V variation? methodology. Yes — if energy
. 5 . modelling carried out.
Primary Energy 120 Wh/(m?.a) ditto Submit PHPP
demand

Target + fuel use measured

Air tightness (n50) $15h"(s3h")  With MVHR (with MEV)’

extemal
Wim evidence

bridges treated

Summer overheating <10% LIS <5% recommended

evidence

! The Passive House Planning Package

2Notonmaynolbopoessuolonmmmtdemmrgmmuﬂmﬂbtmbubngs

aamdnrd Passivhaus methodology 15 used i no calculation s submitted, then the decesion &5 to whethor a detad &5 thormal

brndge free may be quaned al the discretion of the AECH



Primary energy target
(domestic)?

Pre-dev Charty || Focecast Charts || Post-dev Charts
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supporting evidence requirements
Drawing & Photographic Record Drawir

M One elevabon
L AR EWrvabons of COmpiedad Dusiang

De nCuded
- 2 FIO0f 10 wl uncon ~ cOMNURY Of PSUBON VisDe v
3 Floor 1o wall Junchion — artighiness measures visbie
4 IR SCLEN SO0 50 walk o ~ FMGNINess Mmeasures visiee v
5 Roof 10 wall junchion - condnuty of Rsuiabon visibie v
Y 2001 0 was O DO - ANTIONIrSSs Megsures vistie




Supporting evidence requirements

S D RN

10

"

12

AR EMevabons Of COmpiessd tuskang

FI00f 10 wl uncion ~ conmnURy of PSUMDON Vs
Floor 1o wall unchon — arighiness measures visbie
INAracLEe SO0 50 walk R hon ~ FgNINess measures visiee
Roof 10 wall junchion - continuty of Rsuiation visibie
R001 10 wak junc DO - ANDpRIness Measures vishie

Typical window in wal detal - amb with wall insutation measures
visibie

Typical window In wak Oetal — amb with AYTONNess Mmeasures
visde

Typical treatment of servces penetration in fabrk -~ with
arighiness measures in place

Typal MEV of MVHR estatation showing ducts & auct nsuanon

HOote e S30A00 aNG PHEWOX — SROwn) Lank and pee
NSUIHON

WINdows\300rs - showing opening Ight with seals and glanng
spacer bars

Other

13

"
9

Alr pressure lest certicale (pressunsadon and depressursston
resuls)

FHPP venhc ation shoeot as pot
Copry of busding users manus

One cle@bon per page Scale barto one photo for each
be nciuded clevaton
v v
v
v v
v v
v
v v
v
v v
v

v
v
v

Unlikely that full drawings will be
usually available, nor full PHPP....
Potential for [Form Factor] +
[Prescriptive U value + minimum
no. of measures approach]?
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PHPP — with retrofit sheet added — partly for data entry — partly for
recording and reporting

. . L L . - 4 » L - L - L L ) L] an = - -, - -
Dt Bungalow D L T —
Comrrcvemien Svmmens .V .
. Vet S fet

i
i
i
i
E
i

i
zf@ |
<)
{ g;
m
331111 }

I A
e LT L R ey S Senx * D _tevd
I T ) Newwt 3 ah Fom winna
) ' P mw Lo . Vit bt
[ e D a4 . ;--
. LR ’ - e~ 2 s Firmiien
[ .- P Ve N -1 ;--
' . I ) .-
’ . Lt tan . Fom
. P - Fom
| . D ;-n
} . e B g
[} - r— T | ¥ v
L} - ——— —
. -
|- Paved BN st rnd s
3
b v eartsastine thiche dob
. P -
» Coram <=
. S LR
- Pty Rl
' L] .,
B e el
\
wa P
-t B
' .t
———
- e
n—t‘l o
s
W €
P i Dttt i b U
M B L1 -
'
'
L e

F o s s et e a PP i e



Longth of TBs

ASSUTH 00 Warm 100fs 1 the moment

1 e
9149
v 008

Keeping track of thermal bridges

5 ea comes
1652
vas

6 it wall codng
s
wo

7 ot wall o0
%15
v

B ot walleot wal

v

9 party wal Socr
0
v02s

10 Party wall coling
0
vo2

11 Sntels
q7.70
v




Assumptions and Calcul shons
Assungoora thould be corerare berwesn models

Vbt e phuind v tha wsdd pritteins 0 PYPP rimis 04 anb d
havw 8 repa we vabie 10 0 dodarn He vehe ~eeded

Arrumption:
Chaste GO -Mucteow
Verlicanon Mordd, Vetod
owrad Towg bh sy contonbard)

U-lt Covwy rdwcr w hgh pedicamancs §ined 0021

Awas + Losers
v D gable
* ) o vilh-roemed fon
o 4o vl o
* 5 e commn
A re v alceing
¢ T revb oo
ehrival-pavyd
3 pamy v o oo
* 0 Pty val-coleg
* Tirosls
v

Gauwnandl pasrsatnt b F&) 0n s L
et hom C53 on i s
bl ot et o
b on gradhe pedm g hickren
s o0y g i gt s )

<008 Wie
025 omi
000 wind
0 Wi
<005 Wmid
000 wimk
000 Wind
000 ‘wini
025 Vnd
0 20 Winit
000 Wink
000 wink

10n»
0O n
0009 Wini
FaLse
O WasX)

D WiaX)
on

Paing
gheng) Trpie Low <€ D BN 2 - CUAROMN Flacholee

L Paax wal X
bomal Crood dosle gaced Plapnc el 6

bamed Facine Mowe Vamwe oot e Judey

Shadng Ameane T anpcd (e FYEY Sl
Venflaonon Vind ool e Mummlﬂuﬁ

wihecinve coatr of mgybden s dhaty
Themal conductney of of npehdweact ducx ra

3

in

in
oo

"~
0080 Wink

Assumptions and
calculation procedures
recorded clearly for
easier peer review



Modelling the building types & ‘worst case’ wall & floor constructions — after application
of ‘typical’ retrofit measures. Sensitivity testing of effects of weather data, orientation,
internal temperature, thermal bridges, ventilation system, window types, hard to treat

elements etc.
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Det Bungalow

Construction Summary U Values
Wall Walltype  Masorey Cod

Cavty Nlns  polywethans

CoatySinsa 0022 0 10 rocf

Ext ins mm 150

Rool type st hevel roof ins
tot s thokness 400 mm 2 25 wndows
0.130 Wall
Floor nsuabon  Yes
nsuabon mm 200
Peam ins
013 oo
Windows Windowtype 2 Good Doutle glanng 4/12mm and
Frort of buddng foces e Or ON
Sede wendow Fom Sont oL QR
Veatilation Arleskage 3 ach
MVHR O (MEV d unchacked)

Quick feedback via retrofit sheet



Speciftic Annual Heat Demnand
100 ¥Wh'm2.a

Specific Annual Heat Demand
151 KWhim2a

roofcelling

Applied Maonthiy Methaod
Specific Space Heat Demand: 100 kWhim’a) 148 kWhi(m?a)

Pressurization Test Result: 3.0 h' 3.0 h!
2PECITIC FNMary Cnergy vemana .
Good double glazing Good double glazing
CWI & EWI CWI & EWI
Renew floor to add insulation Perimeter insulation & carpet
MEV + 3 ac/hr MEV + 3 ac/hr

Loft insulation Loft insulation
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SEc Demmands with Rafecencs 1o the Treated Floot Avea

Treated Floar Acea
PH Certilic ot unrerment ulfilled?
Specific Space Heat Demand 16 KWhi[m®a) - No
Pressurization Test Result: 06 K" “
Specific Primary Energy Demand X
. Heating. Aucliary and Househel d 120 kW a)
£ locincitvl:
Speabfic Pimary Energy Demand
[DHW, Heating erxd Auxiliaey Electncity):
Speaihic Primacy Energy Demansd
Erigy consacvation by sel a-genss sled
olectiioty
Haating Load 22
Freguency of WM' y -
Specific Useful Codlirg Energy Demand “onstruchon 19508
. , ' w
Cocling Load yoling Unts 1 ntence Tomparature | 22.0 '
r - { |
| Volume V, 175.7 m Womal Heae Gans 2.1 \
- . - . o' w o : é.i_¥_. L -—
he Teeated Floor Avea
tPosdns [ 732  \w
P Cartficale %
t Demand: 15 kWhiim’a)
Mt Result 06 n'
Iy Demand
| Househeld 120 KWh/(m*a)
I lectricitvl 2
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Sensors for Salford
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AECB Hygrotrac project — making the most of the data for educational purposes within the CLR >
simple CLR sketchup/spreadsheet based tool for interactively looking at vapour drive & moisture
content. Tool and case study material for training and knowledge base illustrations.
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Using the hygrotrac data for project owner and CLR

" “
“ B A &L i
" 9 4 Water Vapour Pressere [partie) oveg o sngue Y
1L et e
. . '
(L - i O
‘u i ~—f ‘ - T g s g s
.~ | | I wwtapen s babos PO N LN dwmvey
S | W T e | St e e
'l N -y %‘-&- / A ' iy 4 ravey Toens
post oy - . Bl SRR L Leid e IR
“ - - »~ " - ) s elnas v A v wdhe
A - ~ - " mw wiu "we e rew w e avw ! i ee detow LIG LN ey
. il ——
o ,“” - ®
" - h ¢
. ] PN N M :
- L L
&my } l :’ n
- e ‘ == "
' e w v
. ¥~ . view .. - — - ®
FrlamBs v b FY ) . " L ) “eu .
. - . . »
~ - 5N ' L Foe D
3 ol f ¥ =
M . ] g < ) ! b
' . : “ . _,-" r—
. \ A" N
«t - Y .
T TII MY "o [P

-

E )
sELRANN RS
e " '
+AZxstuNr £ A ¥ 0 4 0
..
.

—p 9

k-
:
{
| |
“111}
;f
H

IR R L LR L Orm

L] " " LR e
A nkad

-l e

-



WY Deping Fosesnd

1 o aled b

1 0 wviapece Delpw PRES LN chirvreny

B e T L S e e )
L L

S wtapace deow LN cptowd

€ oviapore betvers bishes nd Mot [ WV ivesh down sver Tine

T whag ace S LIS LR ol
St e air 03 S Ladbe
"
.

| vovdipon o Bowyy b
cad
LS
.-
@ -

3 b 120w wmbseer
"t
@ ois Matiey Doerdd
LR

& remae e

LR L

AN fateing

ooo-tc.(,“g"
'-'on'a-“(q*

L R T T T T R )
LI I R R R R R R D e

LA A R R B E-B IN

VP Drying Potential
For Date Range

sanfigz2/12_Joooo
end 8/7/13 00:00
B crawispace to house

= orawdspace 1o external




VP Drying Potential

| crawispace to house

B orawdspace 1o external

DRYING POTENTIAL PIE CHART: In this example the chart shows that, overall, the drying potential is 4
x greater to the external than to the house over that period. However, there could be short times in
that period when the drying potential is only to the house, only to external or in the other direction
(from the house to the crawlspace). You would be able to see these periods by inspecting the main
and subgraphs.

Overall this graph illustrates what direction should help dry out the crawlspace most - it helps with
strategic approach. It suggests the best theoretical path for drying. Currently the spreadsheet doesn't
take into account vapour resistance of the materials, or in the case of drying to outside, the vapour
resistance of the mechanism, i.e. air bricks / natural / assisted crawlspace ventilation). The chart is
purely relative, it doesn't suggest anything about the size of the effect, it cant yet answer "how long
would it take to dry". It could even be that both directions are too small to be useful, but you should
be able to see that from the main graph.

Future development could be to add the effect of the vapour resistance of materials (we already have
a spreadsheet that can do that, this could be merged in). This might usefully indicate risks arising
within each potential 'drying pathway' e.g., focusing attention on constructions and materials within
assemblies across which a water vapour pressure gradient exists. This excercise is focused on
understanding environmental monitoring results of pre- or retrofitted constructions. WUFI in contrast
is a predictive tool and requires a high level of expertise & skills and materials and building experience.



A simple (?) case study of a completed retrofit — looking at the insulation and
airtightness of suspended timber floor which followed ‘best practice guidance’
and manufacturers advice













SETTING THE SCENE
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High RH in crawlspace — where is it coming from?

1. Ground evaporation? Plastic (non sealed edges tho’).

2. Soil gas (high RH of infiltrating gas)?

2. External air is high RH? External RH is generally lower all year.
3. Condensation from warmer moist air condensing on cold areas of brick work — yes, some.
How much? No doubt hygroscopic salts add to mc of the brickwork by absorbing moisture

from the ventilation air.
4. Rising damp (+ high water table) — a powerful mechanism to transport and supply
moisture into a void via capillary action and evaporation. Height increased by hygroscopic

salts and limited evaporation.
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ABOVE: WME (%) OF CENTRAL BRICK SLEEPER WALL (HONEYCOMB)

Average Semor Values per Day as of 1271872012

V12013 1200 AM SNVNNT 1200 M m:'mom SN L00AN  TI2093 1200 AM
Date of Activity

| [o6RH : HERSEY - crawispace brick sleeper wall contre LR|%RH : 1. Hersey - Externall
| min 78.5 48
fmax] 100 939




Safe timber is in the room:
warm, dry, well mixed air, adequate air flow for the moisture load.

Averspe Sener Values per Day as of 1271002013
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Timber joists are at risk.



‘Sharp Front’ Model
of rising damp

b -]Ilf
2 e

o

H = height of the rising damp front

S = Sorptivity (the suction of water into the mortar)

b = wall thickness

e = rate of evaporation per unit area of the wetted surface
« = moisture content of the wetted region i.e. the volume of water per unit

volume material.

rrom e moaei it i1s possiole to calculate some interesting quantities. For a solid
masonry wall constructed of stone with a sorptivity of 1.0 mm min®, at a wall thickness
of 150 mm the steady-state height of rise is 0.61 metres. If the wall thickness is
increased to 300 mm, the height of rise increases to 0.87 m. This is because there is

proportionally less evaporation to capillary suction in a thicker wall.

Evaporalion

Position moves
Summer-Winler

Evapora!.bn%
Salts
Condn
\ Low vent

Surlace evaporalion
of waler gwes a

cuved "n-shaped”
profile

Evaporafion Add
ground
@ water

Add ground
(basement or
crawlspace
walls)

Figure 1: Schematic of equilibrium between capillarity and surface evaporation



B e v Saturated brickwork, from combined

effects of rising damp, condensation,

u <16 . " <16
1619 16-19 hygroscopic salts
.>19 o »19 . : , *
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. .
.

W00 1200 AM RO Q0T W AN 4120931200 AM

m<16
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Pie charts showing moisture content of timber joists over time (% WME)
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POST WORKSHOP ADDITION:

Inward vapour drive does happen frequently & strongly with wet & warm weather
(inner face of wall as shown by higher VP/AH outside cf inside)

Half the year walls surface dries outward and half the year inward

Inward drying events coincide with higher levels of RH, strongest inward drying
events coincide with higher T (wet/sunny periods)

Periods typically week long events

Untreated wall dries outwards 64% time

Treated wall dries outwards 68% of the time

The wall treated with brickcream produces a maximum reduction in RH within the
TF section of the wall of 10% cf to the untreated wall

The wall treated with brickcream produces a maximum reduction in wme of the Tf
elements of -2% cf to the untreated wall

88% of the time the timber elements in the untreated walls are less than 15% wme,
12% of the time they are between 15-18%

For the inner section of brickwork in the untreated wall: 71% of the time the wme is
15-18%, 15% of the time it is 18-20% and 14% of the time it is above 20%. The
period the wall at this point was the wettest coincided with the house being
unoccupied and unheated (new year). The same time the following year after
application of the brick cream to one wall, the walls were both drier, with the wme
of the treated wall being below 15% and the untreated wall c. 17%
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CLR — main elements:
External input / peer review via
a) Consultants b) UCL c) Partner / other orgs d) technical panel (CLR, PHT etc.) - TBC



