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Abstract — This paper discusses physical properties and
applications of hemp-lime bio-composites in architectural
design. Hempcrete is a hew, innovative construction material
with significant ecological benefits, which gains popularity all
over the world. Research on this topic is being conducted in
many areas. material science, civil engineering, agriculture,
ecology and architecture. The aim of this work was to review
the worldwide publications and systemize the knowledge about
the issue to provide information designated mainly for
architects.
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[. Introduction

Construction is responsible for very high energy
consumption and consequently significant share in GHG
emission. Production of construction materials causes
about 8 — 12 % of global CO2 emission [1]. Materials,
because of their physical properties, have also impact on
energy efficiency of the buildings.

Energy efficiency pdlicy, implemented in line with the
widespread recognition of the need to protect the
environment and the climate, led to devel opment of an entire
branch of ,,green” architecture. ,,High-tech” solutions, which
include complex ingallations, control systems and superior
insuletion (often using synthetic or toxic, high embodied
energy materials) are the maingtream, but at the sametime, a
~low-tech” approach exigs and develops at the opposite
pole It focuses on usng natural materials and natural
physcal phenomena in order to save energy and provide
favourable living conditions, rather that invest in expensive
technical infrastructure,

Hemp-lime composites are materials with properties
that provide significant opportunities to exploit in design
of ,low-tech” sustainable architecture.

Il. Production process and physical properties

The composite is obtained by mixing the following
ingredients: hemp shiv, lime-based binder, and water
(sand may be al so added to the mix).

Hemp shiv is an inner part (a core) of Cannabis Sativa
L (industriad hemp) stem, obtained in decortication
process and chopped into particles (diameter of 1 —5 mm
and length of 5 — 35 mm are dimensions desired for
building purposes [2]). It congtitutes about 70% of the
plant mass — fibers (as well as flowers and seeds) are
removed and used for other purposes in other industries.
Cdlulose represents 40,4 — 51,7% of the its chemical
composition [2].
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Cultivation of the plant has low negative impact on the
environment (comparing to other crops) [3,4] and absorbs
COz2 from the atmosphere (approx. 2,5 tons per ha [2]).
Processing of hemp involves no chemicals and produces
no waste [2].

Lime-based binder is a mix of binding substances with
the largest share of hydrated lime. Other ingredients often
present in the mix are: cement, natura hydraulic lime,
pozzolans and other additives (in different proportions,
depending on the expected properties). Production of a
binder consumes energy and causes considerable carbon
dioxide emission. Carbonatation process which occurs in
building partitions, lowers the final emission.

The material has low mechanica strength, quite low
thermal conductivity and high vapor permesbility [5]. It is
fireresistant [5]. Lime content provides resistance against
biological corrosion [5]. The properties can vary to a
great extent depending on: characterigtics of the organic
infill, characterigtics of the binder, proportions of the
ingredients in a mix and construction technique
(associated technological process of manufacturing the
material may result in different density and other
properties). An example of properties of the materia
provided by an European producer [6] are shown in table
1. These vaues fal within the ranges found in the
publications. Table 2 shows other parameters based on the
publication review.

Properties of the materia provide environmental
benefits. Low thermal conductivity, medium density and
quite high specific heat results not only in a good
insulation but also in aconsiderable ,,thermal mass® of the
building elements. The overall carbon dioxide emission is
an important factor as well — the material is considered to
have low, zero or negative carbon footprint (depending on
properties and methodologies used for calculations).
Overal CO2 emission in cradle to grave approach can be
negative (-3,5 kg/m? in the most probable variant in [7]).

TABLE 1

PROPERTIES OF THE MATERIAL ACCORDING
TO EUROPEAN PRODUCER

Dehsi ty 280 — 320 kg/m?
comp;Iv(;e a;t;ength 0,7-09Mpa
Thermal conductivity oxozsgv(\)/Zr?lK

TABLE 2

OTHER PROPERTIES OF THE MATERIAL ACCORDING
TOSELECTED PUBLICATIONS

1000 - 1560 [8]

Specific heat JkgK, generally
about 1300 JkgK

Vapor diffusion 4,61-5,72[8,9]
coefficient generdly about 5
-358 — 62 kg/m?

ot s gy

-100 kg/m?® [5]

INTERNATIONAL YOUTH SCIENCE FORUM “LITTERISET ARTIBUS’, 2325 NOVEMBER 2017, LVIV, UKRAINE



lll. Construction techniques
and architectural applications

The material can be used in construction in the form of:
monolithic walls manually compacted in a 2-sided
formwork with structural (timber or stedl) frame inside;
monolithic walls or verticad insulation layers
manufactured by projection (spraying) the mix on a one-
sided formwork; precast blocks or bricks ready for
bricklaying; prefabricated entire building elements or
horizontal insulation layers (less dense, only dightly
compact).

Modern history of the material began in late 1980s,
when it was invented specifically for renovation of
historical wattle and daub buildings in southern France.
Fig.1 shows the firg building where the material was
used. Properties of the material, allowing resistance in
damp environment and providing good ,cooperation”
with wood, brought success in the renovation works.
Later, the material was improved and used in new
buildings world-wide (most of them were built in France
and UK where the technology has developed to the
highest extent).
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Fig.1[10] Maison de la Turquie — Nogent-sur-Seine France.
Renovation in 1986.

Experimental  buildings with partitions made of
hempcrete revealed excellent thermal and moisture
performance [11]. Application techniques alow to
minimise thermal bridging and increase air-tightness.
Low thermal diffusivity may result in lower hest loss than
expected from A value [9]. Hempcrete partitions provide
high inertia againg temperature fluctuations and stabilize
temperature in the rooms [12]. ,Breathability” of the
partitions helps to regulate humidity of the interiors and
creates favourable microclimatic conditions[13].
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Conclusion

An analysis of the properties and applications of hempcrete,
aswdl aslaboratory tests and experiments conducted in
the exiging buildings confirm usffulness of the
discussed material in architectura design and its high
potential for development of environment- and user-
friendly architecture,

References

[1] D. Giden, " Building materids and CO2 — Western
European emissons reduction drategies MATTER
project”,1997.

[2] Instytut Wiokien Naturadnych i Roslin Zidarskich,
"Technologia uprawy i przetworswa konopi
wioknistg”, IWNiIRZ, Poznan, 2013.

[3] EEA (European Environment Agency), "Estimating the
environmentally compatible bioenergy potential from
agriculture’, Technical Report No. 12.2007.

[4 S Montford, E. Small, "Measuring harm and benefit:
Thefriendiness of Cannabis sativa', Globa biodiversty
8(4): 2-13, 1999.

[5] R. Bevan, T. Woolley, "Hemp Lime Congruction: A
Guide to Building with Hemp Lime Composites’,
United Kingdom, 1hs Bre Press, 2010.

[6] www.bcb-tradical.com, Access. 05.06.2015r

[71 N. Miskin "The Carbon Sequedtration Potentid of
Hemp — binder. A study of embodied carbon in hemp-
binder compared with dry lining solutions for insulating
solid walls', Thess Msc. Architecture Centre for
Aternative Tchnology, Universty of East London,
London, 2010.

[8] R. Waker, S. Pavia, "Moigture transfer and thermal
properties of hemp-lime concretes”: Construction and
Building Materias 64: 270 — 276, Elsevier Ltd, 2014.

[9] A.Evrad, A. deHerde, J. Minet, "Dynamical interacti-
ons between heat and mass flowsin lime-hemp concre-
te’ In: Research in building physics and building en-
gineering, third international building physics confe-
rence, Concordia University, Montreal, Canada, 2006.

[10] I. Ceyte, "Etat, acteurs privés e innovetion dans le
domaine des matériaux de congtruction écologiques: Le
développement du béton de chanvre depuis 1986
(MASTER - Pdlitiques publiques et gouvernements
comparés thesig)", Ingtitut d'Etudes Politiques de Lyon,
France, 2008.

[11] BRE Staff, T. Yates, "Find report on the congruction
of the hemp houses a Haverhill, Suffolk”, UK:
Building Research Establishment (BRE)" 2002.

[12] A. Shea, M. Lawrence, P. Walker, "Hygrothermd
performance of an experimental hemp-ime building",
in: Congtruction and Building Materids 36: 270 — 275,
Elsevier Ltd, 2012,

[13] A. Evrad, "Sorption behaviour of Lime-Hemp
Concrete and its reation to indoor comfort and energy
demand”, PLEA 2006 — The 23rd Conference on
Passve and Low Energy Architecture, Geneva,
Switzerland, 2006.

215



