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Housekeeping

AToilets
AFire escapes (no test alarms are planned)

APlease be careful of any electrical wires that are used to power any
displays in the foyer.

At £ SIasS 2yfeée al WodzNVyAyYy3I |jdzSadair
for questions that can wait please hold them for the Q&A at the end.




Running order

AWelcome
AThe research problem and the completetistage of CobBauge

2nd stage of CobBauge:
AThermal and life cycle measurements
ACobBauge buildings; Prototypes, Pilots and beyond.




The big picture problem

Cement, other construction materials

and CQ
X2N) gKé ¢S &aKChhBauge 0 dzAf R TN



Cumulative emissions of CO2 and future non-CO:2 radiative forcing determine
the probability of limiting warming to 1.5°C

a) Observed global temperature change and modeled
responses to stylized anthropogenic emission and forcing pathways

Global warming relative to 1850-1900 (°C)
20 -

ooy L What is h appen n J
to global CQ?

Estimated anthropogenic
warming to date and
likely range

1.0 4

Likely range of modeled responses to stylized pathways

[[JGlobal CO2 emissions reach net zero in 2055 while net
non-CO:2 radiative forcing is reduced after 2030 (grey inb, ¢ &d)

2017 L, [[J Faster CO: reductions (blue in b & c) result in a higher
probability of limiting warming to 1.5°C

[JNo reduction of net non-COz radiative forcing (purple in d)
results in a lower probability of limiting warming to 1.5°C
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b) Stylized net global CO2 emission pathways <) Cumulative net CO:2 emissions d) Non-CO: radiative forcing pathways
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limit cumulative COz emissions shown in radiative forcing due to methane, nitrous oxide, aerosols and other anthropogenic forcing agents.

panel (c).



What are the

predicted impacts
of global CQ?

Source: IPCC SPM, 2018 Fig 2

How the level of global warming affects impacts and/or risks associated with
the Reasons for Concern (RFCs) and selected natural, managed and human

systems

Five Reasons For Concern (RFCs) illustrate the impacts and risks of
different levels of global warming for people, economies and ecosystems
across sectors and regions.

Impacts and risks associated with the Reasons for Concern (RFCs)
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significant irreversibility or
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climate-related hazards,
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ability to adapt due to the
nature of the hazard or
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Source: IPCC WG3 ARG5S Fig 10.1
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The amount of waste
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Shares of Carriers in Final Energy in Industry
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So you thought the previous graphs were indecipherable?
Source: IPCC WG3 ARGS Fig 10.12



What to do?

¢ KSNET2NEXPOD
1. avoid the use of cement except where necessary

2. reduce waste to landfill

X2N) aK2dZA R 6dzAf R TNRY |
very little CQ and sends very little waste to
t 'Yy RT A thdild wiXCOX.®@ P



A vernacular material
historically prevalent in the
South West of the UK and

Northern France.

Cob

A subsoil
A straw/fibre
A water




TheMaterial

Cob

Layer of subsoil mixed with straw, bt e

paring back the wall face.

laid upon a plinth in layers of
approx 700mm high.

Allowed to dry before the next
layer Is laid and the windows
and doors cut out afterwards.

7 s A Sl 2 USSR S ac /)
l! !! n S LIS T TTO T ot pad e 0
L W Y S I l w @ m % t O a A typical 17th century cob house showing some constructional details. The wall is built off a stone plinth in several layers,

or lifts, and lintels and roof timbers are supported on the cob, using timber pads or cross pieces where necessary.




Traditional Cob

Examples of traditional cob buildings

Vernacular UK cottage aesthetic




Modern Traditional Cob

Examples of modern traditional cob buildings

More modern aestheti¢ people starting to push the boundaries



Thermal properties of Cob

1990’s Cavity wall

1980’s Cavity wall

1900’s Solid Stone wall. 1700’s Cob on low stone wall.




Things are looking good?

A further issue,

Pa

not have | ow

enough
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The Project

The CobBauge project (a merging of the English and French words
for the technique) will run until July 2023 and has received funding
from the Interreg VA France (Channel) England Programme, co
financed by the European Regional Development Fund (ERDF).

The CobBauge project aims to improve the thermal performance
of Cob whilst still maintaining its structural and moisture related
properties.




Who arewe? ProjectPartners

ALead Partnec University of Plymouth

AEcoleSuperieureD'ingenieurdes Travauxde la
Construction de Caen (ESITC)

ASyndicaMixte du Parcnaturel régionaldes Marais du
Cotentin et duBessinPnrMCB)

AEarth Building UK and Ireland (EBUKI)
AUniversitéCaenNormandie(UCr), and
AHudson Architects, Norfolk, UK (HA)




Recap on what we have done
beforeée . . Cob BaugRhase;he 1




Cob Mixes: thermal and structural
A20 mixesof Cothata K2 ¢ WLINRPYAA&ASQ
A4 mixes, 2 French and 2 tHét are optimal

A2 mixesselectedfor apotential stage 2project

Thisledto aseriesof designcalculationghat establishedhe most

efficientmethod of producinga Cobwall to satisfythe thermal

regulations Athermal and a structural mix in one single system
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2-layerwall

Composite Cob + finishes Density kg/m3  Thickness m Cond. W/m.K Resistance m2 K/W
Internal surface n/a n/a 0.12
Internal earthen plaster 0.03 0.44 0.07
Dense Cob UK6 2.5% Hemp straw 1423 0.250 0.44 0.57
Lightweight Cob UK3 50% Hemp shiv 340 0.300 0.11 2.73
Lime render 0.03 0.60 0.05
External Surface n/a n/a 0.06

Total Resistance
U-Value W/m2K

3.99

0.28
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CobBauge |
Wall
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The CobBauge Wall and Partners




CobBauge the 2" Phase;

Building, monitoring, networks and training




Building

Construction

AWhy? The need to prove the neBobBaugeechnology
ATwo buildings to be constructed, one in France and one in the UK.

ABoth buildings need to be occupied to give valid comparisons with
non-CobBaug®uildings




Networks and training
Réseaux et formation

AWhy networks and training? For any innovation to
succeed it needs to be accepted by industry and have
people who understand how to use the product.

AThe initial network will be extended, more professionals
and practitioners included including SMEs and local and
national authorities.

AThe two newly complete@obBaugéuildings will be
the centre point of training activities, both esite and
online materials.




Monitoring of the buildings

Survelillance (des mesures) des batiments des mesures

AWhy monitor/measure? To provide evidence that
the buildings perform as expected.

AMonitoring/measurements to be undertaken over at
least two heating seasons

AMeasurements taken of Energy, internal air quality
and thermal performance.




Thankyou X

Now for our 1st mainpresentatiorX &
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Thermal testing: Methodology Interreg M

France ( Manche ) England

HFM 446

MEDUM

32



Thermal Testing Results

FR3 25% Reed W1 662.5 0.1768¢
FR3 25% Reed W2 626.4 0.1673¢
FR3 25% Reed W3 646.1 0.1710¢
FR3 25% Shiv W1 672.€ 0.18297
FR3 25% Shiv W2 712.2 0.1862¢
FR3 25% Shiv W3 703.S 0.20921
UK3 25% Reed W1 703.7 0.1868¢
UK3 25% Reed W2 688.7 0.1880z
UK3 25% Reed W3 650.3 0.16907
UK3 25% Shiv W1 736.1 0.1946(
UK3 25% Shiv W2 709.7 0.21337
UK3 25% Shiv W3 712.5 0.21911
UK3 50% Shiv D1 358.82 0.1061¢4
UK3 50% Shiv D2 359.¢ 0.1018C¢
UK3 50% Shiv D3 349.1 0.1044:
UK3 50% Shiv W1 351.€ 0.1084¢
UK3 50% Shiv W2 363.C 0.10792
UK3 50% Shiv W3 362.2 0.1116C
UK4 35% Reed W1 550.€ 0.1433(
UK4 35% Reed W2 549.C 0.1497¢
UK4 35% Reed W3 528.7 0.13431
UK4 25% Reed W1 572.1 0.1477i
UK4 25% Reed W2 640.4 0.1665¢
UK4 25% Reed W3 615.C 0.1648¢
UK3 35% Shiv 1 555.7 0.15251
UK3 35% Shiv 2 559.7 0.1525¢
UK3 35% Shiv 3 569.7 0.1535(C

Conductivity W/mK

0.20

0.19

0.18

300

400

Matrix insulating mixes
Density vs Conductivity

450 500 550 600 650
Density kg/m3




Thermal Testing Results

Mixes vs fibres inc dense mixes
Density vs Conductivity

How do the .
Insulating mixes F4 No Fibre ®
fit into a broader e
set of results? 0.70 |
0.60 ' F4 2% Straw
£
= 0.50
g 0.40
e e UK38% Shiv

0.20 29

&% . .
..... o Insulating mixes
0.10 -

Fibres
0.00

0 200 400 600 800 1000 1200 1400 1600 1800
Density kg/m3




UK Building regulations: Part L1 A

C . egs . a

|88 Govermen Table 2 Limiting fabric parameters

Roof

he Building Regulations
b Wall (030 w/mek))
Conservation of W
fuel and power Floor 0. K)
A Party wall 0.20 W/(m?K)

APPROVED DOCUMENT

Swimming pool basin’ 0.25 W/ (m?K)
e e, i Windows, roof windows, glazed roof-lights?, curtain walling and pedestrian doors 2.00 W/ (m?*K)

Air permeability 10.0 m3/(h'm?) at 50 Pa

Therefore, cob cannot currently be specified without the addition of other i
T —— T mitigating measures.

The only recent cob building known to ugexpaddesDfoanof
added to the walls to pass

b ui|



Cob and U Values

Traditional Cob Density Thicknessm  Cond. W/m K Resistance m2 K/W
Internal surface n/a n/a 0.12
Cob 1600 0.700 0.64 1.09
External Surface n/a n/a 0.06
Total Resistance 1.27
U-Value ( 0.79

How thick would a traditional cob wall have to be to pass regulations?Has to be .30

Traditional Cob Density Thicknessm  Cond. W/m K Resistance m2 K/W
Internal surface n/a n/a 0.12
Cob 1600 @ 0.64 3.13
External Surface n/ax n/a 0.06
Total Resistance \ 3.30
U-Value \ 0.30

\ Two metres!




Cob and U Values

How light would a cob wall have to be to pass regulations?

Light Cob Density kg/m3 Thickness m Cond. W/m K Resistance m2 K/W
Internal surface n/a n/a 0.12
Cob 25% fibre 0.600 0.183 3.28
External Surface X n/a n/a 0.06
Total Resistance \ 3.46
U-Value \ 0.29

\

Less than half the density

Unfortunately, this lightweight cob wall could not support a
second floor or a roof




Cob and U Values

The solutiong A composite cob wall

Composit Cob Density kg/m3 Thickness m Cond. W/m.K Resistance m2 K/W
Internal surface n/a n/a 0.12
Dense Cob UK6 5% Hemp straw 1600 0.300 0.45 0.67
Lightweight Cob UK3 50% Hemp shiv 340 0.300 0.11 2.73
External Surface n/a n/a 0.06

Total Resistance
U-Value W/m2K ( 028

N

" Table 2 Limiting fabric parameters

Roof Q20-4meK)

Wall 030 W/ (mz-KD

| ol ~ VAL AT \




Cob and U Values

interreg M

France ( &g‘?{gﬁf"e' ) England

Composit Cob Density kg/m3 Thickness m Cond. W/m.K Resistance m2 K/W
Internal surface n/a n/a 0.12
Dense Cob UK6 5% Hemp straw 1600 0.300 0.45 0.67
Lightweight Cob UK3 50% Hemp shiv 340 0.300 0.11 2.73
External Surface n/a n/a 0.06
Total Resistance 3.57
U-Value W/m2K 0.28

What happens if we have an equivalent thickness of
an average cob mix

Average Cob Density Thickness m Cond. W/m K Resistance m2 K/W
Internal surface n/a n/a 0.12
In The Middle 970 0.600 0.28 2.14
External Surface 0.06
Total Resistance 2.32
U-Value 0.43

The values for density and
conductivity are exactly
half way between the
values for the two layers
above, but the U value is
nearly twice as bad

39



Cob and U Values

The CobBauge wall with finishes

Composite Cob + finishes Density kg/m3  Thickness m Cond. W/m.K Resistance m2 K/W
Internal surface n/a n/a 0.12
Internal earthen plaster 0.03 0.44 0.07
Dense Cob UK6 2.5% Hemp straw 1423 0.250 0.44 0.57
Lightweight Cob UK3 50% Hemp shiv 340 0.300 0.11 2.73
Lime render 0.03 0.60 0.05
External Surface n/a n/a 0.06
Total Resistance 3.59

U-Value W/m2K 0.28

The same U value, standard finishes, and is now 556mm thick



Structural performance testing

ACylinders were produced from the hig
mixes.

ACompressive strength measured.

AAverage measurement from samples
density of 1700kt0®. 118/ fiverbetween
1.2 & 2.3MPa




Methodology




I\/Iet\hodology




Results

Cob cylinder testing

40
20 e
P
x .
~ 1 Specimen #
2 1
o
- 10
4 \\_VA.
0
-10 t t t t t t t t t t
-1 0 2 3 4 5 6 7 8 9 10
Extension (mm)
Offset . .
Modulus Yield 0.2 Stress _@ Max UTS Extension Strain at Usiap )
CARES # (MPa) % Offset Yield Load (N/mm~ 2 at Break Break Strain (%) Failure type
(k&) (N/mm* 2) (kN) ) (mm) (%) °
1 123 351.30 31.3 1.8 32.3 1.8 9.5 3.2 191.00
Mean 123 351.30 31.3 1.8 32.3 1.8 9.5 3.2 191.00
Coefficient |
of Variation
Standard

Deviation




Resu

lts

Structural performance testing
A 50 C%glmders (10 per mix) were also tested at
Cambridge by Dr Michael Ramage
Compressive strength measurementscob soil fibrecombinations
Internal MixNo |Soil Type |[Fbre&%byVolume Ave Max Load (kN| Ave Max Srength (MPa)
Mix 3 H2 Hemp Sraw, 2.5% 26.12 1.583[(Mix3
Mix 4 2 Hax Sraw, 2.5% 36.49 2.089(Mix4
Mix 9 HR6 Hax Sraw, 2.5% 26.77 1.627|Mix9
Mix 10 FR6 Wheat Sraw 2.5% 18.2 1.092(Mix 10
Mix 12 H6 Wheat Sraw 5% 24.87 1.508|Mix 12




Results

5 omPrEsSve SEngih o0 AAverage of 5 mixes (10

| mix) Cambridge results
. AAverage of 2 mixes

2 ) * (4 per mix)

15 J *’ Plymouth results

Ave Max Srength (MPa)
=

O
&

10 15 20 25 30 35 40
Ave Max Load (kN)




Life Cycle AssessmanEmbodied Energy

A RSRIA aiiide

Material Profile: Cement

RICS Pro
Embodied Energy (EE) ICE-Database Statistics - MJ/Kg
[Main Material No. Records Averaﬁ EE Standard Deviation Minimum EE EE Comments on the Database Statistics:
(Cement 116 5.20 270 0.10 14.20
Cement Mortar 1 1.54 0.91 0.10 3.49
Unspecified| 9 1.30 0.70 0.10 210}
Virgin| 2 2.63 122 177 3.43|
Cement, Fibre Cement a4 4.60 4.60 4.60 I
Virgin 1 460 4560] 460 |
Cement, Fibre Cement 8 10.15 1.93 7.60 1420
1st edition, inf T . B 7015 753 7560] 14.2—0” There was a large sample of data.
Cement, General 94 5.32 2.05 142 1.73
Market Average| 7 5.02 0.66] 429 6.20] n
Unspecified| 65 546 227 142 11.73
Virgin| 22 4.88 1.07 3.00 6.50]
Cement, Soil-l.'emcnl_| 2 0.85 0.21 0.70 1.00 %‘
Unspecified| 2 0.85. 021 0.70 1.00

Selected Embodied Energy & Carbon Coefficients and Associated Data

Embodied Ene; Embodied Carbon - Kg DoatE: Ranoe: MK
rgy - rbon -
Material MJIKg CO2e/Kg Boundaries F— " High EE Specific Comments
Weighted average of all cement consumed within the UK. This includes
all factory made cements (CEM |, CEM I, CEM Ill, CEM IV) and further|
(‘eneraalv(;l: welghted 451 074 blending of fly ash and ground granulated blast furnace slag. This data|
9¢) has been estimated from the Mineral Products Association (MPA)|
factsheets (see Ref. 59). 23% cementitious additions on average.
This is a standard cement with no cementitious additions (i.e. Flyash or|
Average CEM | Portland 5.50 0.95 blast furnace slag). Composition 94% clinker, 5% gypsum, 1% minor|
Cement, 94% Clinker i ' additional constituents (mac's). This data has been estimated from the|
MPAfactsheets (see Ref. 59).
0.89 (@ 6%) to
6-20% Fly Ash (CEM IVA-V) 52810451 0 76((% 203/a) Fly ash has a lower embodied carbon than blast furnace slag, however|
' the upper threshold of fly ash content that can be used in a stable|
o mixture is lower than for blast furnace slag. This data has been
3 (+-30%) estimated from the MPAfactsheets (see Ref. 59) and the ICE data for fly
ISRy (SN CEMIE | 44510360 07510062 ash.
21-35% GGBS (CEM I/B-S) 47710421 0.77 10 0.65
GGBS = ground granulated blast furnace slag. Blast furnace slag has a
higher embodied carbon than fly ash, however the upper threshold of
36-65% GGBS (CEM IIVA) 41710 3.0 0.64 10 0.39 blast furnace slag content is higher than for flyash. This data has been A joint venture of
estimated from the British CementAssociation's factsheets (see Ref. Jo
59) and the ICE data for GGBS.
UNIVERSITY OF
66-80% GGBS (CEM II/B) 2961024 0.38100.26 Creitle o Gals ‘
|
o ‘mg:’a‘:e?”'" ® 104 1.09 CO2 only Estimated range +- 30%
Few data points. Selected data modified from Ref. 107. An example|
application are facade panels.
Fibre Cement Panels -
(Colour) Coated 16.3 1.28 CO2 only Estimated range +/- 30%




Comparing embodied energy

For typical wall
Trad Gob

CGomposit
(obBauge
Structural Gob
GobBauge 50%
Total

Masonry Wall
DenseBlock
Foam

Cavity
Aerated Block
Total

Density kg/ m3
1700.000

Density kg/ m3
1600.000
350.000

Density kg/ m3
2000.000
40.000

/700.000

Thickness m
0.500

Thickness m
0.250
0.250
0.500

Thickness m
0.115
0.050
0.050
0.115
0.330

Weight per m2

kg
850

Weight per m2
kg

400

87.5

Weight per m2

kg
230
2

80.5

EH= per m2 MJ kg
95.47

EE= per m2 MJ kg
51.12
44.10
95.22

EE per m2 MJ kg
154.10
216.00

281.75
651:85




Life Cycle AssessmanEmbodied Energy

¢y SimaPro

Calculating LCASImaPro

3.

1. Define the goal and scope of the study.
2.

Making a model of the product life cycle with all the environmental
Inputs and outputs.

Understanding the environmental relevance of all the inputs and
outputs.

The interpretation of the study.




