"Dear future generations: Please accept our apologies.
We were roaring drunk on petroleum.”

Kurt Vonnegut, 2006
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Passivhaus Retrofit: ‘Putting The Cart Before The Horse’?

Making sense of retrofit - in the absence of integrated energy policy

1. UK Energy Flows:
a. The ‘Big 3’
b. Delivered energy
2. Assessing measures
a. Marginal Abatement Cost Curve (MACC)
b. ‘Less Is More’ retrofit MACC
3. AECB CarbonlLite Retrofit Programme:
a. Energy target ranges for different house types
4. Retrofit results to date:
a. Airtightness
b. Energy performance
c. Comfort
5. Limits to retrofit
6. Horse Before The Cart
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Of electricity used in buildings, two-thirds of it for
Power station waste heat tasks where electricity is essential and one-third for

providing forms of heating.
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By fuel:
About 12% of delivered energy is used in applications where energy delivered in the form of
electricity is needed (What ‘Less Is More’ report refers to as ‘essential electricity) e.g.,

* Lights, appliances, pumps, fans etc

e underground trains

e the internet

 electronic equip

* etc.

By sector:
e around 46% of delivered energy consumed within all buildings
* around 28% within domestic buildings

By end use:
* Space and water heating (mostly natural gas used in urban areas)

* Transport - mostly oil (except rail transport as is 50% electric — but unlike electric cars, no
batteries needed!)

At this point in time it appears doubtful that moving en masse to more electrified heating &
(non-rail) transport will be viable (outside niche applications). This is because of the very high
cost of building new generation capacity PLUS the cost of the associated replacement of
existing electricity distribution infrastructure PLUS cost of meeting peak loads (for example as
a result of large scale use of electric heating).
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(continuity notes added)

Is the much discussed mass retrofit of UK building stock a part of UK climate
change mitigation & adaptation policy — or not? Lets agree about this sooner
rather than later!

Opportunities exist (to adapt to climate change, reduce bills, increase health
and comfort and help mitigate GHG emissions) that are more affordable for
UK society, more democratic, robust and resilient than many people realise

(for more information see AECB ‘Less Is More’ report

Reducing buildings’ CO2 emissions and energy use can be done — sometimes
more cost effectively (for UK) off-site e.g. providing a low carbon heat supply.
If retrofit is to be a sensible part of UK Energy & Climate policy, then how do
we assess building specific retrofit measures against off site solutions in
order to detail such a policy?
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A marginal abatement cost curve or MAC curve is a set of options available to an
economy to reduce pollution. They are valuable tools in understanding emissions
trading, driving forecasts of carbon allowance prices, prioritizing investment
opportunities, and shaping policy discussions.

Typically, MAC curves cover emissions reduction opportunities across a number of
sectors in an economy including power, industry, waste, buildings, transport,
agriculture, and forestry.

A valid way to approach the topic is to view energy efficiency technologies as CO,
abatement measures and to evaluate the cost of different options in £ per tonne CO,
equivalent. Several such analyses have been presented as marginal abatement cost curves
(MACGCs). In these charts, the cost of each measure in £/tonne is shown on the y-axis and
successively more costly measures are plotted from left to right along the x-axis. This shows
the saving from individual measures and the cumulative saving in tonnes/year.

Criticism [edi]

The way that MAC curves are usually built has been criticized for its lack of transparency and the poor treatment it makes of
uncertainty, inter-temporal dynamics, interactions between sectors and ancillary benefits.'”! Some argue that MAC curves should
not be used as merit order curves because they list options that would take decades to implement.[3]
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Marginal Abatement Cost Curve

Source: LESS IS MORE: Energy
Security After Oil, AECB (2012)

Suburban Cavity-Walled Semi-Detached House

COST OF MEASURE (£/tonne)
5200 = Some of these higher unit
: cost measures may be
4800 1 Maore energy-efficient hot-fill dishwasher needed in a retroﬁt for
2 More energy-efficent lighting
4400 3 More energy-efficent refrigerator-freezer reasons other than CO2
4 Cavity wall insulation, 50 mm PU foam reduction. The shape of
5 More energy-efficient LED TVs
4ﬂnq & More energy-efficient hot-fill washing machine the curve and the order of
7 Condensing boller and compensation controls measures will va ry
8 Windows - replace failing doubled-glazed sealed units by argon-filled low-e warm- f APH
2600 i between different building
9 More energy-efficent central heating pump types and for example
10 Gas-fired combined heat and power and heat mains .
3200 11 Windows - upgrade replacement sealed units to optimum low-e coating rural vs urban locations.
12 Horizontal external perimeter insulation of ground floar, 50 mm XPS However measures that
2800 13 MEVY, miscell. draughtproofing and replace electric clothes drying by CHP heat — abateco2 ata very hlgh
14 Roof, add 50 mm PU foam betweenrafters . . .
15 Add solar ta DH system unit cost may indicate
2400 15 Insulate DHW system areas where more cost
17 External wall imsulation, increase from 50 to 100 mm graphitised EPS . . .
18 Roof, increase from 50 to 100 mm PU foam effective off site solutions
2000 19 Roof increase from 100 to 120 mm PU foam, with 20 mm covering rafters would be more sensible in
20 Perimeterinsulation, incre ase from 50 to 100 mm XPS
1600 21 External wall msulation, mcrease from 100 to 150 mm EFS terms of the street, tOWI’],
22 Windows, r\eqlanemfznt rtigh-p-erfarmam:e va.i:.rul:lle gjazir.lg city, region or UK as a
1200 23 External wall imsulation, install 50 mm graphitised EPS, directly-rendered whole. This is where the
detailed policy discussion
200 should be had.
400
L] ¥ 1] T E 3
0 '—" ' ' ' ' A
-400
1] 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 & 6.5 7 7.5 8
MOTE: Base case emissions = £.50 tonnes/year. CUMULATIVE SAVING (tonnes/year)
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Notes from the previous MACC curve:

* Each measure has sensible time horizon

* Based on funding the measures at Treasury Green Book interest rates of 3.5% / yr

Each measure assessed on the base case to see how much is saved compared to the cost of the measure & then all measures placed in order and
recalculated — shown on graph in ascending unit cost.

Cost of subsequent measures tends to increases on the graph because after saving some energy with the more cost effective measures, there is less energy
to save.

The MACC is the method used by Gov. when assessing changes to the building regulations.

The Green Deal’s Golden Rule doesn’t take into account the value of the national benefit of measures, not does the Green Deal value comfort.

* Typical semi-detached, CW, 1970s, with central heating, solid floor, uPVC replacement windows.

*  CWI - either none present or a poor job with high lambda insulation (removed)

Major points from this analysis:

Nearly all the type 1, most of the type 2 and some of the type 3 measures have negative costs; i.e., they abate CO, emissions at a profit. The single two
largest CO, savings, which each reduce emissions by roughly two tonnes per year in a well-heated house, are from:

CWI with airtight materials
Heat mains to distribute low-CO, heat from gas-fired CHP plant.

The shape of the MACC is perhaps more dramatic than usual. About 13 measures near the origin of the y-axis deliver large energy and CO, savings at
negative or low costs. Ten measures on the right-hand side, mostly retrofit insulation and replacement windows, deliver small savings at fast-rising marginal
costs, ranging from £100s to £1,000s/tonne.
This dwelling construction type, in an urban or suburban location, may account for over 50% of the UK dwelling stock; i.e., cavity-walled, shallow roof pitch,
solid ground floor, PVC replacement windows, existing gas central heating. Cavity assumed to be available for filling; should we remove the sub-standard
materials installed from the 1970s to date and re-fill?
11 measures account for around 85% of the total GHG saving. They abate greenhouse gas emissions at a unit cost of £0/tonne or at a negative cost. (The
costs are negative for measures 1-10 because they have already saved energy whose value is same as/more than the cost of the measure.)
2. The first 16 measures account for over 95% of the total GHG saving.
3. The unit costs of measures beyond 16 rise into a range from £100s to £1,000s/tonne. Diminishing returns are evident. £50-100/tonne may be a
worthwhile sum to pay for displacing CO2 emissions ... but £2,500/tonne??!! (there are many other opportunities to deal with the problem at less than
£2,000-3,000/tonne; e.g., improved farming and forestry practices)
4. 5. Subject to the reservations that apply to all MACCs; e.g., measures must be analysed in order of rising marginal cost (which takes a great deal of
recalculation hence highly labour-intensive); occasionally some measures are unavailable and the shape of the subsequent curve would look significantly
different; e.g., a rural cavity-walled house with a suspended ground floor would give a different MACC.
Note: this MACC is based upon the marginal costs of the main CO, abatement measures analysed in late 2009 for some early 1970s cavity-walled London
terraced and end-terraced houses. The calculation here is repeated for a notional semi-detached house in a UK town or city.

Retrofit to Exceed Code 4 with Low-CO, Piped Heat Supply from Condensing 500 kW(e) CHP.
Submission by Wates Living Space Ltd., Leatherhead to Technology Strategy Board for Retrofit for a Future Project. Ref. ZA 596T. (November 2009). These
dwellings had a cavity width of 75 mm, which is very unusual for the 1960s and 1970s. To make the analysis more representative of the UK stock, we have
redone the calculations with a 50 mm cavity.
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Type

Wall construction

[note: beware current assumptions
involve for example, thermal imagi:
More info at CLR Technical Resource

Main Building Types — by wall construction

Thickn -‘g‘:
Standard Dwellings CodeAeetmm}MateﬂalGDew'Pt'on
Det Bungalow MasonryCavl i 350 masonry
Semi etBunganw______ Masonry Cav2 | 2 ONTY e
Sm DetHouse =~ . ‘Masonry Cav3 | c1900 _/masonry &L :
Pe"Od EndTerr _Masonry Cav4 | 1950+ ____;masonry '/ _awtyWaIIed Modern Iater20thC
small SemiDet I  Tmbert | hardwood Historic hardwood-frame, post and
ModernEndTerr  Timber2 :  hardwood Historic hardwood-frame, post and
Large SemiDet i Timber3 ‘hardwood Historic hardwood-frame, post and
Large Det House Timber4 ‘softwood iHistoric softwood, Timber Frame, r-
Period Mid Terr Timber5 | ‘softwood ‘Late 20th C Soft Wood Timber Fram
Modern Mid Terr Timber6 ‘timber éModern soft wood timber frame - b
2 Bed Flat 1 | Masonry Solid1: 1925-45 200 Poured In-Situ « Laing Easi-Form. 8" thick solid no-fi
i ‘with 2" cavity, usually finished exte:
| IR ... of3"thickness separated by a 2" ca
Modern 3 storey tOW” h°”59 Masonry Solid2| 225 PouredIn-Situ  Mowlem Solid wall types 225mm t
old 3 storey town house Masonry Solid3| 1952-81 Poured In-Situ .{EMowlem Cavity wall types. A cast i
i ‘mass concrete for the inner blockwc

?Wimpey No-Fines in situ cast no-fin:
‘thickness, after 1964 walls were cor
;DPC level the external walls maybe ¢
‘walls maybe tile faced or weather b
‘door and wundow opemngs

Masonry Solid4 : 1940s-60s 200—30Q Poured In-Situ

Masonry Solid5| ~ PrecastReinfConc ~Airey. Post and panel construction.
SR N S, S Ecastconcrete shiplap panels securec
Masonry Solid6 Precast Reinf Conc ./ Boot. External walls trained in concr

» Standard dwelling types: based on BRE research (used as basis for national energy
modelling exercises)

* We find it easiest to categorise by wall construction, then building age & ‘building
systems’ etc
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Typical sub sets —building systems

From
hittpeanaa hirezources. co.uktT-A1 Tupe. azp

Type Picture Mame and Description

Poured In-Situ Laing Easi-Form

8" thick =olid no-fines clinker concrete walls in the period 1919 to 1928, 1925 to 1945 cast in situ cavity wallz, 3" thick inner and outer |eaves
with 2" cavity, usually finished externally with stone dashed render coat. Post 1945 [the majority of houses] cast in situ concrete walls, inner
and outer leaves of 3" thickness separated by a 2" cavity, reinforcement in both sking located in 4 horizontal bands above and below
window openings.

Cornrnon ldentifying Features

Line af wall lift evident in horizantal line within roof zpace, in roof =pace internal Face of walls aggregate not so coarse as Wirnpey No-Fines
construction. Yentilation through external walls rectangular in many examples of this construction.

Poured In-Situ Mowlem

Solid cavity wall twpes. A cast in situ concrete form of construction, first used in 1952 but mainly in the period 1962 to 1981, Construction
substitutes mass concrete For the inner blockwork walls of traditional housing. Solid wall twpes 225mm thick cast in lightweight concrete,
rendered externally. Cavity wall tupes with an ‘inner leaf of 100-125mmm thick concrete.

Cornrnon ldentifuing Features

Morme knowr.
Poured In-Situ wWimpey No-Fines
Construction

|z in =itu cast no-fines concrete. Before 1951 external walls were commonly 12" thickness, 1951 t0 1964 external walls were cormmonly 10"
thickness, after 1964 walls were cornmonly 8" thickness. Gable walls mavbe clad with a masonry outer leaf tied to the cast in situ concrete
with wall ies. Up to DPC level the external wallz ravbe of rasonry construction. Post 1964 exarnples of this construction can be dry lined
internally and some external surfaces of walls mavbe tile faced or weather boarded. Reinforcement commonly incorporated at eaves level
and at a level totie in with reinforcerment over ground floor door and window openings.

Cornrnon |dentifying Features

keazurernent of the external walls at =ome 12" thickness, coarse aggregate evident to wall face concrete mix in roof space. Ventilation
thraugh external walls circular in many exarmples of this construction.

Precast Reinf Conc Airey

Construction

Post and panel construction. Storew height pre-cast concrete posts at 18" centres Incorporating steel tube reinforcemment. External cladding
3 x 9" pre-cast concrete shiplap panels secured to posts by copper wire fixings, panel rendered in sorme cases.

Cornrnon ldentifuing Features

'Shiplap' cladding parels. tile hung gable ends

Additional image( s): click here, click here, click here

i * RPnnt
4 » ¥ | House Types . Type by Wal | Type by System ~¥J 4] il

A lot more detail — but we don’t need to get bewildered by this...!
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BRE — standard dwelling types for energy modelling
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Example of the principle
showing different likely specific

Type A/V Form Factor aame ™"
Det Bungalow i 1 b 3.9
SemiDet Bungalow 1.07 3.6
Small Det House 0.89 2.9
Period End Terr 0.85 ol
Small SemiDet 0.80 D
Modern End Terr 0.79 2.6
Large SemiDet 0.78 2D
Large Det House 0.76 5
Period Mid Terr 0.64 2.0
Modern Mid Terr 0.63 2.0
2 Bed Flat " 0.53 1.7
Modern 3 storey town house 0.52 1.6
Old 3 storey town house 0.46 1.6

We can categorise these ‘standard types’ by:

* Their geometry: either expressed as a ‘heat loss area to volume ratio or a ‘form
factor’
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E AECB building knowledge House type geometry




PHPP retrofit sheet — for quick modelling & reporting of measures (CLR use)

Det Bungalow

Specific Annual Heat Demand

Construction Summary U-¥alues 190 kWhim2.a
Wall Walltype IMasoﬂﬂCav(
£ Cavityfillins  polyurethane
s CavityfillinsA ~ 0.022 010 roof
B Estinsmm 150
Roof type joist level roof ins
totins thickness mm 2.25 windows kwhta
0.130 Wall exterior walls 1200
Floor insulation Mo
insulaionmm 0 rooficeiling 834
Perimins  Yes ground slab 5500
460  floor window losses-gains 2208
Windows ‘Window type 2 Good Double glazing 4#12mm airt4 exterior door 513
Front of building faces thermal bridges 1475
ventilation 1378
Side window from front
¥entilation AirLeakage 3 ach
MYHR ™ (MEY if unchecked)
Length of TBs
| Assume no warm roofs for the moment
| HLA
| Int Add n thicknesses of ext and Party All external values WISO"  WKobra W Therm Used
Ezternal Walls length(m) E P leaves S.ext corners 9.party wall-floor | none 7 0.30 special eaves ins, reduce from 0.5
133 2 10.75 721498 g5z 0 025 halved from 55 by loft 1m high ins against
268 2 7648 Vo3 w005 V025 0.00
37 3 339 2 10.75 0.30 specialins, reduce from 0.5
4 68 2 7848 05
33| 5 0.00
| 6 0.00
| 7 0.00
8 025
9 020
4 10 2.9able B.int wall-ceiling 10.Party wall-ceiling | 02
| 45 n "i5.298 %75 0 none alot of these bridges are not quite the construction type we need
6 | 12 v 025 v w02
| 47 | Total 3679 usedin Ground HLA
Party ¥alls construction
1
2
3 1llintels
4 £ Zextwall Az.70
Total 0 Int Height 2.4 intermed floor none Tint wall-floor Vo2
v v

Y
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ea rooftfloor "52.20 (for ground tab)
TFA Floors
areal 57.32 1
areal
int wall
length area of stairs
floor 07275 00
floor 1

'4,exl wall-floor %
36.792
Vo3

Bint wall-ext wall

Yo




Small detached Bungalows — what’s an appropriate Specific Heat Demand target?

Solid floor To renew or not renew —
that is the question

= A/V  Form Facto!
Det Bungalow 113 ( 39
:miDet Bungalow 107 36
Cmall Nat HAriea N0 790

T2
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Det Bungalow Sc1 Option 3: renew floor

Construction Summary
Wall Wall type
Cawty fill ins
Cavity fill ins &
Ext ins mm

Roof type

tot ins thickness

insulation
insulation mm
Perim ins

Floor

Windows Window type

Front of building faces
Side window from front

Ventilation

Air Leakage
MWVHR

U-Values

Masonry Cavwd 0.10 roof

protected brick
0.022

150

Joist level roof ins
400 mm

i

3 Triple Low-E 0.69 N 52 - GUARDIAM Flachglas
‘ s OE O ‘

1.5 ach
(MEV if unchecked)

0.83 windows
0141 Wall

0.14

floor

71 kWhi{m*a)
1.5 h

Triple low-E glazing

CWI & EWI

Renew floor, 150mm insulation
MVHR + airtightness 1.5 ac/hr
400mm Loft insulation

ground slab

exterior
door

window
losses-gains

Y
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Det Bungalow Sc2 Option 2: retain floor

Construction Summary

Wall Wall type
Cavwity fill ins

Cavity fillins A

Ext ins mm

Roof type

tot ins thickness

Floor inzulation
insulation mm
Perim ins

Windows Window type
Front of building faces

Side window from front

Ventilation

Air Leakage
WMVHR

Y =
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Masonry Cavéd
protected brick
0022

150

joist level roof ins
400 mm

MNo
0
100x1050mm foam k=0.022

2 Good Double glazing 4/12mm air'4
|g5 O E ON|

3 ach
| (MEV if unchecked)

Monthly Method

180 kWh/(m*a)

3.0 h'

Good double glazing

CWI & EWI

Retain existing floor

MEV + airtightness 3 ac/hr
400mm Loft insulation

U-Values

0.10 roof

0141 Wall

455  floor

rooffceiling
thermal
bridges
exterior
door

ground slab

292 windows



Need to be realistic with thermal bridges — heat loss, temperature, moisture risks

Isotherms

[Lines of «

Cond

T Softuware: Therm 5.2 Date: RERARE
@V ARM: Low Energy Buxldlng Practice Job Name: AECE CLR Bungalow Job Mo
% A | 3, Tab name: Ambient Junction Completed by: TH
Dezcrip:_ext inzulated wall Checked by:
Heat Flux Btack =no hext Sow Data colum Row Mame  Ufactor nan Length mm U factor  L2D WiKm
{Heatflow throuah materialz) Whie = hign neat fow s 16 wall  Internal 1000 0.1406
T 16 Roof  External 1000 0.038
u 16 120 lnternl 0.2573
U~ valus calculation for data row Wl
heck surface resistances correct v
Cheel total lenqth correct y
Modelling U Value ( W/m2K] 0.141
U - valus calculation for data row  Raof
Check zurface resiztance correct y
Checl total lenath correct ¥

Modelling U Value ( W/m2K) 0.098]

Pzi calculation length U-value/L20 heat flow  pzi value
mm Wim2K WimK WimkK
L2o 0.257
Wall Length time U value: 1000 0.141 0.141
Roof Length time U value: 1000 0.035 0.038
0.013
psi Internal 0.02 W/mK
caleulation length U-value/L20 heat flow  psi value
mm Wim2K WimK WimkK
L2o 0.257
Wall Length time U value: 1415 0141 0133
Roof Length time U value: 1422 0.035 0133
-0.081
ernal -0.08 W/mK
From therm report - worst cell 5% 1

Elements

Y =
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Created by:
Created for:

Therm Filename: C:\UzersAT Martel\Documents\: Therm Filename: C:AUsersAT MarteliDocumentzh: Therm Filename: C:\UzersAT Martel\Documentsh)

Cross Section Type: Sill
Underlay Mame:

U-factors.

MName

Length Basiz
Wim

Created by:
Created for:

Crozs Section Type: Sill
Underlay Name:

U-factors.

U-factor Mame Length Baziz  U-factor
Wim:

. -
T Therm Verzion 5.2 (5.2.14)

Date: Fri May 24 11:51:40 2013

Created by:
Created for:

Crozs Section Ty ill
Underlay Name: C:\UsersAT MarteliDocumentstd

U-factors

Mame U-factor

Length Basiz
wWim:

1339.60 Total Length 0.1257
2457.36 Total Length 0.1047

Internal
External

Solid Materialz Solid Materialz Solid Materialz
Name Conductivity Emizzivity  Name Conductivity Emizzivity  Name Conductivity Emizsi
Wim-K Wim-K Wim-K
A4 FIN Plaster 025 030 A INS K040 004 030 A4 MAS brick protected
AA MAS med cone block hlqh con A& FIN Plaster 025 030 A#INS K022
035 030 AATIM General Timber
AA INS k022 002 030 A FIN Plaster . ;
A4 MAS brick protected 056 0.30 Cavities A4 FIN Plasterboard 025 030
A4 INS kO35 Polystyrene 45kPA  0.04  0.50 A4 INS K030 003 030
A4 MAS render 070 030  Mone A4 INS K040 004 030
Cavities Glazing Syztems Cavitics
None None HNone
™ _ -~
Glazing Systems 1 Standard Boi /' Glazing Systems
¥ Fas | 4
None B name Syl péfaturd Film Coutticic None

Standard Boundary Conditions

Mame Temperatu
c i

A& Interior Upward R0.10 20C

A& External R0.04 0C 0.00
re Film Cocfficient

A4 Interior Horizontal RO.13 2

oc 20.00
A& External R0.04 0C

Calculation Specifications

Mesh Parameter : 6

Estimated Error: 1.5¢-011%
Calculations done in Yersion 5.

7.630 Calculation Specifications
000 25000 ----

Mesh Parameter : 6
Estimated Error: 4.2¢-01
Calculations done in Ver.lon 5.2 [5.214)

2 [5.214)

2000
25.01

10. Standard Boundary Conditions
00

Temperature Film Coeffici
Wim2-K

Mame

A& Interior Horizontal RO.13 2

oc 20.00 .
A& Interior Upward R0.10 20C 20 00 10,
A& External R0.04 0C 0.00  25.000

Calculation Specifications

Mesh Parameter :
Estimated Error:
Calculations done in Vcr.lon 5.2 [5.2.14)




NATIONAL AVERAGE SPECIFIC HEAT DEMAND IS c. 400 kWh/m?2.a

roof/ceiling
indow
ground slab sround siab
exterior window
door losses-gains
180 kWh/{mZa) 71 kWh/{m?a)
3.0 h1 1.5 h1
Good double glazing Triple low-E glazing
CWI & EWI CWI & EWI
Retain existing floor Renew floor, 150mm insulation
MEV + airtightness 3 ac/hr MVHR + airtightness 1.5 ac/hr
400mm Loft insulation 400mm Loft insulation

y &=
ﬁ / ECB building knowledge




Cwerview

Construction type

Property type
Location

comfortable.

Quick figures

Featured Project
Low Energy Home - Hay Tor €0s emissions (kg COxfm2.yr)

Energy upgrade of 1950's concrete bungalow. We were trying to achieve the best available insulation (u-values) in all areas and good airttightness 020 4 60 80 100
within budget restrictions. We are very pleased with the result just over a year after the start of the Retrofit, which makes the home much more LIERERS 5

View This Project

Forecast

)

Measured

Primany energy | kW hjrm? yr )
0100 200 300 400 500

Concrete frame Refurbishment Previous 89

Project type

Detached Sector Private Residential Forecast

Shrewsbury Shropshire

Project owner Best Carpenters Foomd

180

kWhi/{mZa) 71 kKWh/{m?Za)

3.0

h? 1.5 h'

Triple low-E glazing

147 KWhi/{ma) EWI

Retain existing floor

2.05 m3/m?2.hr

| MVHR + airtightness 2.05 m3/m?.hr

Yy &=
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400mm Loft insulation

Reality check — a similar, real world, bungalow retrofit




Chart 4 Average domestic (unadjusted and temperature corrected) gas and electricity
consumption, UK (2008 to 2012)

20,000

18,000 -

16'”‘ . - ——— —
14,000 -
12,000

10,000 -

8,000

Average consumption [kWh)

6,000 -

4,000 - -

2,000 -

2008 2009 2010 2011 2012

— Average unadjusted electricity consumption (kWh) - = Average temperature corrected electricity consumption (kWh)
— Average unadjusted gas consumption (kWh) - = Average temperature corrected gas consumption (kWh)

Source: DECC, ECUK Tables 3.07

V
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35000

3
8
L

- @ Mean Total
i ------- ®e 2 _. ----------- Consumption
T 20000 ®
2 OGas
8 CElectric
2 15000 @ Combined
P
E ex e .
10000
5000
i
'ﬂ T T T T T
End Terrace Mid Terrace Semi Detached Bungalow Converted Purpose
detached Flat built flat

Figure 2.2: Mean Consumptions Categorised by Dwelling Type

e CarbonlLite retrofit will recommend a target range per house type
* Encouraging the most ambitious reductions with ‘moisture robust’ solutions
* Best practice EnerPHit & PH retrofits will push (or pull) the boundaries
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. 2 . . 2
TI.=A: 135 m? P.E: 120kWh/m2.a CO0,: 25kg/m?.a 120 KWhi(ma)
Airtightness: 1.0 ac/hr Gas: <7,000 kwh/a 1
Electricity: c. 3,300kWh/a* 1.0 h
A/V Form Facto
Det Bungalow 1.13 3.9
SemiDet Bungalow 1.07 3.6
Small Det House 0.89 2.9
Period End Terr 0.85 2.7
Small SemiDet 0.80 2.5
Modern End Terr 0.79 2.6
Bedrooms 20° Large SemiDet 0.78 2.5
Large Det House 0.76 2.5
Period Mid Terr 0.64 2.0
Modern Mid Terr 0.63 2.0
2 Bed Flat ' 0.53 1.7
3 storey town house 0.52 1.6
3 storey town house 0.46 1.6

Bathrooms 22°

Living 21-22°

Form Factor: 3.31
High as a result of planning restrictions
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EnerPHit vs Green Deal measures (a GD version of Grove Cottage, using PHPP)

AUV VAV

0.3)
Roof (U= 0.18)

Figure (below left)
alternative GD external
wall to suspended floor

Figure (left) alternative GD eaves
detail showing internal wall (U=

{ :
Figure (above right):
Eaves detail as built.
Roof U = 0.09

Figure (below right): /=
Wall to suspended
floor as built.
Wall U =0.12,

Floor U =0.18 [

‘Likely’ GD measures
Double glazed uPVC windows
and doors: Air permeability of
5.0 m3/m?h @50 Pa: Whole
house mechanical extract
ventilation: Insulation levels to
current building regulations:
Hard to treat solid floor — no
improvement.

The construction details
illustrated also indicate a view
of the difference in the design
and specification approach
likely under the Green Deal:
e.g., inadequate treatment of
thermal bridging.

y &=
ﬁ / ECB building knowledge



Modelling GD measures using PHPP, compared to measured

EnerPHit performance

Grove Cottage:
80% less gas @ 17C

17,000 kWh or 70% less @21C

1. Compared to a GD/ECO £535/yr

treatment, EnerPHit measures

applied to Grove Cottage 6’450 kWh or £200/yr

shows a 24,000kWh annual

saving in gas use (about £800,

assuming the same internal

temperature)
2. If GD version was only able to 40,000 i

be heated to 17C (average 35,250

across house) the difference 35,000 [ &80 )/ 31,229

becomes 10,600 kWh 30,000
3. Inthis exercise the 24 000

performance of the EnerPHIt 25,000

measures is actual, measured 20.000 17550

’ 17,600
the GD measures are
15,000 -

modelled (PHPP). Because of 6018

the rigoroOus QA applied to a 10,000 - d 7,030

certified PH it is likely that the 4394

GD version would in reality 2,000 7 .

suffer from a significant 0 - | , : : : : : :

performance gap. & < C < o & & &
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Pre- & post retrofit air pressure test results: all retrofits with full data sets on
AECB’s Low Energy Buildings Database (LEBD)

LEB Refurbishment projects airtightness
30

Airtightness m?/m2.hr @ 50 Pascals °
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LEB Refurbishment projects Post-development Primary Energy

500
Post-development Primary Energy consumption kWh/m2.yr

400UK average:409 kWh/m2.yr

5. 300
~N
£
= '
2 ,0(LEB average:188 kWh/m2.yr - " i I I

‘1 IIIIIII1I II 11

32 106 61 81 199 270 77 181 20 19 4 127 67 304 165 136 93 113
[. Post-development Primary Energy}
Highcharts.com
LEB Refurbishment projects Post-development CO2 Emissions
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Post-development CO2 Emissions (kg CO2/m2.yr)
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Perceived Comfort Levels

Perceived comfort levels in 76 Retrofit for the Future properties before and after development.

Perceived comfort of properties : Retrofit for the future

Properties at a perceived comfort level

Pre Retrofit Post Retrofit

[- very poor [ poor mixed © good [ ] excellent]

Highcharts.com

The chart shows the results from a survey of occupants reported comfort in the retrofitted homes, compared to their reported comfort in the home they lived in beforehand, which was sometimes the same house and sometimes a
different house. In general, the properties are delivering significant CO, emissions reductions with no loss of comfort. That is to say, they rarely stray outside comfortable temperatures or humidity levels, or suffer from poor air
quality.

We looked at 23 properties where we had both energy performance data and surveys recording occupants reported levels of comfort before and after retrofit. In 22 of these properties, occupant comfort had either improved or

remained the same after refrofit. Of the 13 properties with the lowest CO, emissions in our analysis, 12 reported either good or excellent levels of comfort, indicating that comfort does not need to be compromised by delivering
low-carbon retrofits.
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Remember the Limits to Thermal
Retrofits - cultural, practlcal

* The UK has a very high proportion of
legally-protected buildings; e.g.,
Grade |, I1* and Il Listed or Scheduled
Ancient Monuments.

* Many are in designated areas; e.g.,
National Parks, Areas of Outstanding |
National Beauty, Conservation Areas AL ik "
and Green Belt. 4 s [ et TRy =
" e | 30 < lh‘h\;h\“h\%? Q=
* These give rise to practical &J . vat i (IS
restrictions on reducing buildings’ ﬁ M '”“'u ". lJ “4’ ! " 0"‘?'@ e
heat loss. "

NOTE: The terms may vary between England, Wales,
Scotland and Northern Ireland. Picture shows
Feathers Hotel, Ludlow.
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Remember the Limits to Thermal Retrofits —
moisture risk

No foundation Concrete foundation  Brick footing Brick footing on Rubble/flagstone foundations
concrete foundation

141411

End View Of Typical 1800-1900 solid bonded wall
Without an original damp proof course (dpc)

Poor air quality

Mould growth

Materials decay

At
Wall plaster —— |
Ground sales. ie. Nigrates
i wolution and keft behing i .
plaster aficr moisture. .
‘Shirting beard N o TR Iegresses into.
".‘;/ Arichwork and plaster
Suspended timber foor TR
R
B v — o .
= Y/ e
3 5
g
>
b
(\E‘ﬂ‘h%ﬂ—u_ . B e
ICF.‘ e
Grousdwarer Joists built-in to wall

Ventilation

Sq edged boarding

VENTILATION: Only slightly higher levels of through the wall ventilation,
but stack effect created more consistent draw....
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Main Priorities, UK Building Stock

*More efficient space and water heating systems ; i.e., in converting fossil fuel
to low-grade heat;

*More efficient lighting systems; i.e., T5s and (a very few) LEDs, not CFLs or
halogens;

*Improved insulation of HVAC services; e.g. recirculating hot water piping in
hotels/flats;

*More efficient pumps and fans on heating systems, sometimes reducing
consumption by 90% or slightly more;

*More efficient electrical consumer equipment, usually reducing
consumption by over 50%, sometimes up to 90-95%;

*Fabric insulation and draughtproofing measures where they are reasonable
in cost, given the types of available Low Carbon heat supply.
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More rigorous retrofit exemplars needed to demonstrate

* Synergy between retrofitted buildings & low CO, heat and power infrastructure
(see: ‘Less Is More’).

* Best practice to mitigate risks of post retrofit moisture related problems

e Closing the performance gap

* Achievement of high comfort levels inc. IAQ

* Avoiding fuel poverty post retrofit, not simply deferring it for a short while

* Less emphasis on ‘novelty’ & more discernment as to what constitutes ‘innovation
potential’

* Afocus on simplicity, robustness & integrated, affordable, proven technologies

Positive signs

» uptake of PH methodology and unambiguously defined whole house reduction
targets (kWh/m2.a),

* more measuring of actual performance.

Needed

* closer working between energy efficiency community and ‘traditional’ building
community

* building a more powerful energy efficiency lobby across the professions, supply &
manufacturing industries

Appropriate financial mechanisms for retrofit should follow integrated policy — post 2015!?
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