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Thermal Properties L limetechnology

Materials have 3 key thermal properties:-

1. Thermal conductivity T the energy transfered
through a material in steady state

2. Thermal mass 1 or thermal capacity, the amount

of energy required to raise the temperature of a
material

3. Thermal inertia T or diffusivity resistance to
changes of temperature of a material

t Is a combination of these three properties
which dictate how a material performs in real
buildings with changing temperatures
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1. Thermal conductivity L !ggggfgg’ggg{ogy

A Is the rate of energy transfer under a
constant temperature difference in a
steady state, were temperatures inside
and outside the building remain constant

At is a simple but crude measure of
thermal efficiency as temperatures are
always changing

A To measure how buildings perform in real
life under changing temperatures other
measures such as thermal capacity and
Inertia are needed
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A Thermal conductivity (k or &) defines the
energy transferred in steady state situations

A For a wall the individual material k values are
combined into a single U value for the wall

A Hemcrete® buildings are designed to the
same U values as other buildings and so will
perform just as well in constant internal and
external temperature situations

A The performance of Hemcrete® as a steady
state insulator is defined by its density as
shown In the following slide....
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Graph of Hemcrete® thermal conductivity (k) versus density
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1. U values for different e
density Hemcrete® mixes

Hemcrete U values for Different mixes

0.350

Lower density
mixes create
thinner walls
for the same

0.300

0.250
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330kg/m3| 0345 0276 0.230 0.197 0173 0.153
275kg/m3| 0.300 0.240 0.200 0.171 0.150 0.133
220kg/m3| 0.250 0.200 0167 0.143 0125 0111

Hemcrete thickness (mm)
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A Hemcrete® has a low thermal

diffusivity compared to other Hemcrete® 1.4
building materials Wood 1.6

A This gives it a high thermal AAC 23
Inertia and means it is slow to Clay brick 41
change temperature and slow Polyuerethane e
to reach steady state insulation

A This slows heat transfer down  Concrete 8.5
whilst the material is in the Mineral fibre 14.4
process of reaching steady Expanded 18.4

state (most of the time) polystyrene
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A Graph shows the o S S S—— —
temperature profile through T e T
a 250mm Hemcrete® wall | 4//% 5" w-Tn"" 3%,;;/7;:
after a 20 ° C change e\ et

A Hemcrete® takes 2-3days § |1/ /) /" 7 .77
to reach a steady state of  § T P e
energy transfer (constant ~ § |, LR /i ,/; il
temperature profile) sf"f,’,/@/’,,f; o

A This compares with around é’/,//’;ﬁ"
6-8 hours for mineral wool .~

Depth [om]
(Evrard, UCL, 2005)
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2. Heat flux over 24 hours e
for a 250mm wall
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Under a dynamic load Hemcrete heat flux is lower ] .r
than mineral wool despite mineral wool having a

much better insulation value (Evrard, UCL, 2005)
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A 187,000 J/m2 lost in 24 hours

A 1W = 1J/s

A There are 86,400 seconds in 24 hours

A The temperature difference was 20°C

A So the real heat loss was only 0.11W/m2k
A Theoretical U-value is 0.29W/m2k
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A Hemcrete ® has an
average volumetric

thermal capacity Mineral wool 12
A Its ability to store and EXpEliels 22
: Polystyrene
then re-emit heat (or cool)
. Polyuerethane 41
IS less than block or insulation
concrete Hemcrete® 512
A But much higher than Aircrete (AAC) 560
pure insulation materials  Brick 1360
Dense block 1800
Concrete 2000
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4. Combined effects L limetechnology

A The combined effects of thermal inertia and
thermal mass slow the temperature change
down inside the building

A They also delay the peak internal temperature
by a number of hours

A The optimum delay is 12-15 hours so that
peak internal temperature occurs at night

A Shorter delays cause summer overheating in
the afternoons/early evening i a characteristic
of lightweight buildings.
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4, Amplltude_suppressmn e Bmstochinology
and phase displacement

A A 250mm Hemcrete® wall reduces external
temperature changes by 98%

A A day/night change from 0 to 20°C over
24hrs Is almost completely dampened to less
than +/- 1°C

A Examples such as the Wine Society and
Adnams have proved this in operation

A Any temperature change that does occur is
delayed so that heating occurs at night and
cooling during the day




4. Amplitude suppression with a B limetechnology
200 C eXternaI temperature Change Sustainable building innovation

External temperature represents the normal
day/night 24 hour cycle

oLk L4

O
-
) ——5cm
g -=- 10cm
5 E - 15¢m
C ~»—25cm
: ™
B~
1 ,
j} Max external temperature, 18 24 20 36 42 48
‘ Max internal temperature Time [h] (Evrard, UCL, 2005)



Sustainable building innovation

4. Dampening and time shift e limetechnology

Dampening factor Time shift
at 25 cm at 25 cm
u25cm: 1'(q25cm/ qinit) h25cm: tmax,25cm' tmax,init

[%0] [h]
Hemcrete® 98% 15
Solid Wood 98% 16
Cellular concrete (AAC) 95% 10
CEM concrete 89% I
Mineral wool 17% 6

(Evrard, UCL, 2005)
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4. Dampening and time shift L limetechnology

A AAC, Hemcrete® and solid wood each
have a beneficial mix of thermal capacity
and thermal inertia to provide excellent
dampening

A Concrete has high thermal mass, but no
thermal inertia so does not perform as well

A Mineral wool and other insulators perform
the worst as they have low thermal mass
and thermal inertia
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A A Hemcrete® wall has moisture in its structure and
breathes, because the wall is vapour permeable this is
of no concern

A As Hemcrete® is heated and cooled the moisture in
the wall evaporates and condenses absorbing and
emitting large amounts of energy for very small
changes in temperature

A This phase change increases the thermal inertia and
thermal mass of the product without increasing its
density

A This explains why Hemcrete® has both thermal mass
and insulation in one product but is not a dense
product like many product that have thermal mass.
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5. Hygro-thermal properties e limetechnology

Saturation

(Evrard, UCL, 2006)
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A Hemcrete® is a single
homogeneous materials
will no layers,
membranes, gaps, joints
or cavities

A This monolithic nature of
Hemcrete® makes it
iInherently air tight

A Figures below 2m3/m2/hr
at 50 pascals are
achievable

Approxim Air
ate area permeabi

lity test
achieved
Wine Society 2500m2 3.5
Warehouse 4
Adnams brewery 4500m2 3.1
warehouse
Li me Techndq¢ 250m2 2.3
office
Crawford private 150m2 1.5
house
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7. Summary ‘ A limetechnology

Mineral wool High Low Low 5
EPS High Low Low 5
PIR High Low Low 5
AAC Med Med Med 6
Hemcrete® High Med High 8
Brick Low High Med 6
Block Low High Low 5
Concrete Low High Low 5

No single material can achieve the thermal performance of
Hemcrete®, this combination of properties and its inherent air
tightness make it a highly thermally efficient walling material
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