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CompactHabit: Sustainable mass modular building construction

Paco Conde

Partner

CompactHabit

Spain
paco.conde@compacthabit.com

Summary

CompactHabit has introduced the eMii system (the Spanish acronym for “integral industrialized
modular building”) to enable the large-scale production of finished modules. The system entails the
manufacture of three-dimensional monolithic modules of reinforced concrete. They are routed
through an assembly process of the various components, building services and materials until they
leave the production facility fully equipped and with the interior finished to customer specifications.

The production solution adopted for the CompactHabit module involves the manufacture of a sin-
gle piece of concrete in two braced stages. To achieve this, a mould was developed, as well as
proprietary formwork that enables horizontal concreting phases, thereby solving the problem of mix
placement from above. The mechanical formwork can be adapted to different lengths and widths.

The module’s structural element is a ribbed concrete prism that varies in size depending on the
project. This structural element serves as the frame for the rest of the features: fagades, installa-
tions, flooring, interior cladding, kitchen, baths, appliances and so on. The module is transported
by semi trailer to the new location of the building. The semi trailer takes the dwelling unit to the
building site, where a heavy load crane sets it in place.

Once the modules are in place, they are connected to each other and the vertical utilities services
are installed on the outside with no need to access the interior. Using this procedure, we can com-
pose buildings of up to eight stories without any additional structures. In addition to the speed in-
volved in assembly, this structural system also represents a considerable improvement in the
building’s response to seismic movement. As independent structural elements, a certain amount of
movement can occur without creating structural cracks or breakage. The modules fit together with
elastic joints and are subsequently screwed together at the joints to facilitate dismantling the mod-
ules if necessary. At CompactHabit, we can dismantle a building and move it somewhere else in
exactly the same manner as we built it. We can take it back to the factory to replace worn elements,
change finishes, repair flaws and put the building back into use. It would even be possible to tem-
porarily place buildings on sites destined for another use in the long term. The concept of a “no-
madic”, demountable building opens up new opportunities in land management.

Keywords: Sustainable; modular; building; industrialization

1. Product and Process innovations

The eMii modular building system allows rationalize and standardize process, materials and con-
structive solutions, and it is based on:

1.1 eMii structural system

It is based on a reinforced concrete self-supporting chassis, involving the development of joints
between modules which makes the building structure as floating. This chassis behaves as
containing the constructive components implanted within an assembly chain. This structural
system is exclusively owned by CompactHabit, and no competitor offers similar solutions in terms
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of structural system and module size (max 15 x 5 x 3,5 m). Similar solutions offered only reach
basic three-dimensional systems, with limited size (6 x 3 x 2,8 m) and without floating joints
available. The structural system is protected by international PCT.

1.2 eMii industrialized system

The manufacture process is composed by two main procedures, (1) the chassis construction and
subsequently (2) the chassis displacement to the work stations distributed along the assembly
chain. This path is aimed at standardizing the module to as much components of the building as
possible within the same area, allowing thus a reduction of the interventions at the building site.
Along the path the system provides such flexibility that allows the introduction of any further
technology planned. Although the modular industry include further manufacturers specialized in
industrialized edification, nevertheless the assembly chain is not used, while a building assembly
method similar to the traditional construction is used, but located within an industrial factory. In
some cases of lightweight construction this allows the increase the industrialization degree,
connecting the production needs with large series. On the contrary the eMii system uses an
assembly chain process similar to the cars production but limited by the reduction of the series of
production, reaching in this way the maximum optimization of processes.

1.3 eMii assembly system:

The assembly system, based on large industrialized components, is not integrated in any other
company within the industrialized edification sector, being used smaller components. The eMii
solution allows assembling with high speed and precision any building within its production. The
increase of the modules size directly influence the joints reduction, reaching a higher degree of the
interior and external finish still in the factory, meaning greater speed and minimum intervention at
the building site.

Fig. 2: The dwelling elements
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Fig. 4: Student dormitory built with CH modular units in Girona, Spain

2. Description of eMii advantages
The eMii advantages can be broken down into several categories:
2.1 Reinforced structure

The use of the reinforced concrete structure produces a monolithic building, meaning important
added values for it such as sound insulation, thermal inertia, fire resistance, earthquake resistance,
and durability. Among the industrial systems commonly used, the lightweight construction is
outstanding but not able to provide the same performance as the eMii system, characterized by
high robustness of the structure together with the industrialization of large modules built as finished
parts constituting the building. While other manufacturers often work with 2.5 m widths, the
developed system can reach 5 m width, thus reducing the assembly time and finish work.

2.2 Structural system self-supporting floating modules, with anti-seismic capacity.

The developed structural system is unique in the world. It proposes a modules stacking system
using union system and floating supports. This feature allows each building unit to be independent
of its adjacent (elastic unions) involving a great improvement in acoustics, seismic resistance and
adaptability of the structure to the movements of the building. This flexibility allows a better
absorption of the deformations produced by an earthquake and prevents breakage of the structure.
The system joints and elastic elements cause a break in the continuity of structure preventing the
structure breaking: that structure is ‘previously fractured in a controlled way’, meaning a strong
difference with other industrialized systems, which are mainly based on rigid joints.
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2.3 Elastic seismic structural system resistant to fire.

The use of elastic elements of steel within developed system ensures the system durability and
resilience to fire situations. Commonly used resilient systems are based on neoprene, meaning a
great risk in case of fire, because these systems can merge and lose effectiveness to seism after a
fire. Furthermore, neoprene manufacturers provide no guarantees in years of durability but only
data on resistance to ozone, not allowing a conversion to years of durability. On the contrary, eMii
includes joints and system structure able to double the structural life of the building, according to
the current regulation, contributing thus to the building life cycle improvement.

2.4 Industrialized modules dry assembly

The building joints and assembly elements are mechanical, neither mortars nor concrete are thus
needed. The system presents a relevant speed, due to the large size and easy assembling. Unions
are simply gravity connection between modules with hardware and elastic joints. The building as it
grows it becomes structurally finished. Structural additions are not required. The structure is self-
supporting up to 8 floors. The crane assembly capacity in site will be of 500 m? to 1.000 m? per day
(1 shift), depending on the project.

2.5 Flexibility: building relocatability and reuse.

The resolution of dry joints allows the dismantling of the building at any time since the modules can
be recovered without any alteration or damage in the action. The recovered module can be used in
another building without modifying or rehabilitating it if needed: a concrete-framed building,
removable and transportable generates a new concept of building.

2.6 Industrial quality.

The industrialized building process allows continuous monitoring of quality, very different to those
used in traditional construction. Industrialization will ensure the product traceability, impossible to
implement in other building systems. The building process and the subsequent quality control allow
higher legal requirements for quality, meaning a general improvement in standards without
increasing costs.

2.7 Standardization

The industrialized production enables the standardization of materials, components and
construction solutions, simplifying the supply chain by encouraging stable relationships with
suppliers and approaching economies of scale scheme.

2.8 Procurement.

Increases the ability for collaboration and single point of responsibility.
2.9 Design process.

Wide-ranging benefits of increased collaboration and flexibility.

2.10 Financial - cost control.

Lowers hard costs, soft costs, financing costs, out-of-service costs, and provides a faster return on
investment.

2.11 Construction schedule.

This construction system also reduces considerably the time of the construction process, achieving
execution times ranging between 25% and 30% of one built with traditional systems.

2.12 Security at work.

The application of industrial processes in the construction of a building means a significant
reduction in accident rates and improved conditions at work.

2.13 Comfort - Insulation and acoustics.

The floating structural system and the double walls and floors allow an outstanding insulation, well
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above the legal requirements: increasing the insulation requirements means a technological
innovation directly associated with economic viability. In fact, an improvement in the acoustic
performance within the whole economy of the building means an innovation in the construction
process. The interior acoustic treatment is realized under the same criteria. Both concepts,
insulation and acoustics, are critical for comfort and wellbeing.

2.14 Environmental impact reduction.

The eMii building process is designed under criteria of deconstruction, control and waste reduction:
for every 100 kg of waste generated in traditional construction, with the eMii system will be less
than 28 kg for the completed building; the thermal and acoustic insulation of each module
maximizes further the energy efficiency in use, significant savings in consumption, allowing the “A”
energy certification for buildings; in the whole life-cycle of the building it is expected in terms of
energy savings and CO2 reduction up 35% up to 60%.
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ENVIRONMENTAL
ADVANTAGES AND

SUSTAINABLE BUILDING

Compact Habit substantially im-
proves the levels of technica
functional and environmental
quality of buildings. With this sys-
tem the ecological footprint (en-
ergy consumption and CO2 emis-
sions) of a building is reduced by
35% compared with the same
building constructed using tradi-
tional systems. The installation of
photovoltaic panels means Com-
pact Habit only consumes 35%
of the energy it generates.

The thermal and acoustic insula-
tion of each module maximises

ENERGY
SAVINGS

WATER
SAVINGS

The Compact Habit factory has its
own solar plant producing elec-
trical energy with the capacity
to generate 468,465 KWh of net
energy per year with CO2 sav-
ings equivalent to 219,073.44 kg
(Spanish mix). We are conscious
of the environmental problems of
the earth. Compact Habit joins to

The optimisation of resources in-
herent to an industrial production
system also affects water. The
water savings achieved the
industrial construction process
of Compact Habit compared to
conventional systems is approxi-
mately 20%.

companies that provide specific
solutions to the environmental
problems of the present and the
future.

Extraction and manufacture of materials

The very nature of industrial pro-

Materials* 9 T
duction favours the ongoing op-

Percentage of emissions of kgCO2/m2

its’ users comfort, and the energy timisation of processes and is 3 Pegging out and earth-moving 0.00%
effi ency achieved, in addition to without doubt an essential fac- b. Foundations and retaining walls 4.84%
; ; c. Common spaces 5.69%
consump- tor for savings in energy and re- g Conventional roof 5.15%
i i r . e. Structure(1) 21.95%
the maxi sources £ Facades A
mum building energy certifica- g. Interior partition walls 0.00%
tion h i 14.19%
. 4.26%
i 15.19%
) Includes the correction of concrete dosage and the net energy of the photovol-
taic panels at the CH facory.
*Data based in Manresa Building.
Conventional Conventional
CH
1,286.04 __wgm.u» oH 0265
kagoam2 oot 973.89 ki
Extraction Transportof o D e alntenancy ﬁﬂ
‘and manufacture materials. en.uuu.\.ﬁae 50.93% P
ogere P Ge P2k, P et ¥ ottie 4
kgCO2Im2
- :
Location . Energy ... Passive systems.. .. Water consumption...  Waste..

The ground floor of the  Winter: gain of solar radia-
north building is 3 metres  tion and reinforcement of
higher than the south buil- thermal insulation.

ding (common spaces for  Through the south glass
services). This lets more  facade, solar radiation is
light into the north buil-  gained. The other faces are
ding. especially insulated to avoid

roof with triple layer of insu-
lation).

Data from the study “Life Cycle Assessment, comparing Compact Habit and conventional b

‘Summer: solar proteccién
The solar protection on the
south facade is a fixed can-
tilever and with adjustable

Reduction of consumption by
means of a flow reduction
system (taps, dual flush toilets)
and reuse (both grey water from
rainwater

The CH system has different advan-

are ventilated, as is the roof o ifrigation).
(to dissipate the solar radia-

tion). The homes face both

north and south, so they

have cross ventilation.

the structure is calculated to last 100
years, double of the average life of a
nd the use of dry mate-

factory, for reuse and recycling.
ings” by the company “Societat Organica’. Final report: 25 September 2008.

A

ETA11/0266 .

MATERIALS AND

SYSTEMS

CONSTRUCTION \/ﬂ 7

Using the automotive sector as
a reference, the process for the
production of CH modules con-
sists, firstly, of the manufacture of
a structural chassis of reinforced
concrete, which is placed on a
production line and equipped
with all its components (cover-
ings, building services, joinery,
fagades, etc.), resulting in a com-
pletely finished building module.

This process allows rigorous
management and coordination of
all tradespersons involved in the
process, optimising processes,
minimising unforeseen circum-
stances and providing value to
the construction sector with the
concept of “ongoing improve-
ment”.

Similarly, due to the speed of the
construction system and the fact
itis an industrialised process, the
construction materials used must
be placed using dry construction
(quick and easy placement, no
drying time, easy maintenance,
good waste management, etc.).

In an industrial process like that
of Compact Habit, waste man-
agement is fundamental and
much easier to establish a sys-
tem for it than in regular construc-
tion processes. In our case the
construction of homes is linked
to strict requirements in the in-
dustrial world regarding waste.
The separation, classification
and possible reuse of waste is
perfectly studied at the facilities
of Compact Habit where all these
processes are studied from the
point of view of the complete pro-
cess and where one of the most
important objectives is to close
the life cycle of the majority of
the materials involved in the con-
struction.
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