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University building for classrooms. It is one (number 4) of six blocks of identical geometry and position in the
former Military Hospital of Burgos. As a refurbishment it was impossible to change parameters such as the
orientation or windows size. The insulation is interior because the facades are protected.
Special features:

Interior insulation

U-value exterior wall

0.265W/(m2K)

PHPP Annual

U-value basement

0.222W/(m2K)

heating demand

U-value roof

0.113W/(m2K)

PHPP primary

U-value window

0.82 W/(m2K)

energy demand

130kWh/(m2a)

Heat recovery

85%

Pressure test n50

0.8h-1

1

49

kWh/(m2a)

03-2016

The University of Burgos commissioned to refurbish blocks numbers 4 and 5 of the city's former Military
Hospital and convert them into blocks of classrooms. These buildings were built at the beginning os 20th
century. It is decided that one of the themwould be built in accordance with the Passivhaus standard (Nº4) and
the other one using the building code currently in effect in Spain (CTE) so that the efficiency of both
construction systems could be compared with real data from two buildings with identical envelopes used for the
same purpose.

BEFORE
In terms of the design of the project, it was decided to add a few glassed-in galleries outside the building
envelope to connect the classrooms. This resulted in bigger classrooms, but also allowed to create a relationship
between the two buildings and their users, bringing the courtyard into the activity of both classroom blocks,
which share this common space.
AFTER

The galleries are a transitional space between the exterior and interior from the thermal perspective as well, since
they generate a space of uncontrolled temperature prior to the buildings' entries.
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The finishes are simple, in order to control the construction cost.
To get the Passivhaus certification for this refurbishments seemed difficult because it should be without changing
the building's façade due to its status as protected historical heritage building. This meant that we couldn't
enlarge or close openings, insulate the building from the outside or alter with the building's orientation or
massing.

Floor plan

Elevations
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FACADE SOUTH

FACADE NORTH

Interiors
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HALL
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CLASSROOM
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Section

Insulation
WALL_The original envelope consisted 62 cm thick stone masonry walls. Because the building is protected for
historical reasons and its original façade could not be modified we chose interior insulation and sprayed on a
10cm thick layer of polyurethane foam. Spraying it on ensures a flawless union between the existing wall face
and the insulation, thus preventing the appearance of interstitial condensation. The insulation was applied in five
superimposed layers.
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Wall Insulation
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FLOOR_15 cm thick extruded polystyrene in two different tongue-and-groove layers – one eight and one cm
thick – was installed over the original ground floor slab with the joints laid crosswise in staggered fashion to
prevent thermal bridges. SPF was applied to the floor-wall joint along the entire perimeter for the same purpose.
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ROOF_the original structure of which received only occasional repairs – consists of wooden trusses upon which
rest the rafters that support the upper wood board. The bottom of the trusses served as a support for a structure of
wooden beams that formed a horizontal wooden structure which, in turn, held the plaster drop ceiling.
It was decided to demolish the plaster and use the horizontal wooden structure as a support for the placement of a
continuous layer of wooden boards that serve as a horizontal barrier layer as well as support for roof
insulation. This way, the original building's structural behavior remains as it was intended. 30 cm of fibreglass
insulation blanket were laid in three layers over this wooden sheathing. The layer in contact with the wooden
support has a coating that acts as a vapor barrier to prevent interstitial condensation.
In addition, to avoid thermal bridging, the truss structure had to be covered with additional layers of fibreglass
insulation blanket.This way, the original building's structural behavior remains as it was intended.
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Before deciding upon these treatment strategies and the application of them, they were studied higrothermally by
Prof Julián Becerril (Burgos´ University). He also made the test (karsten tubes) about the permeability of the
masonry walls to provide useful information about paths of water ingress and absorbency of the wall
components.

Thermal bridges
In this refurbishment, all the thermal bridges were prevented except the geometric ones. In the case of the wall
and the floor – with irregular and rigid insulation, respectively – the joint in the resulting gaps was filled with
more SPF in order to ensure complete continuity of the insulation layer wherever the wall faces change.
The same process was used for door and window joinery.
Local thermal bridges have also been reduced to the maximum as seen, for example, in the insulation-filled hoses
for cabling that pass through the envelope (used in addition to sealing to maintain wind-tightness at these points
as well).
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Air Tightness
WALLS_An air-tight layer made of breathable membranes was installed on the walls. These membranes were
wrapped on metal profiles that were embedded into the polyurethane; these profiles made it possible to ensure
that the wrap was wind-tight.
The walls were finished with double inner wall layer made of plaster on a metal structure. The cabling runs along
the aforementioned structure without interfering with the barrier layer, which is recessed and free of risk.
Regarding service entries, in this case plaster was used to fill the free surface of the pipes. Both highly adherent
bituminous materials as well as flexible adhesive tape were used for sealing with the barrier layer.
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FLOOR_The air-tight layer for the floor consists of a 5 cm concrete layer applied over the existing floor slab,
which had been previously repaired and reinforced to give it the structural safety required by our current
regulations.
ROOF_As explained above, a 15 mm panel of laminated wood (OSB) sheathing was bolted to the wooden
structure that supported the original drop ceiling. Each hole made in the barrier layer for bolting the panel to the
joists has been protected with adhesive tape. Besides serving as a barrier layer, the panelling has also served as
the support for the roof insulation and for the threaded rods that hold the drop ceiling substructure. A neoprene
strip was applied at the junction between the rod and the panel to ensure air-tightness. The joint between panels
has also been carefully taped.
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The result of the blower door test was 0,8 on the final test, as shown in the graph.

Doors and windows
The building's original joinery work was made of painted wood and held single panes of glass. It was decided to
install mixed aluminium/laminated-wood joinery: UNI ONE by Blas Recio specifically model termoescudo, that
would allow visual integration with the rest of the buildings, while at the same time both attaining the high
performance required and preventing maintenance costs.It has triple glazing with low-emissitivity coating. The
argon-filled cavities and the hot spacers made of plastic and stainless steel.
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Correct window installation is key to the success of the entire building block. On the one hand, we must ensure
the continuity of insulation (note that the joinery is not supported by the wall itself, but is fitted into try squares
that allow us to place it on the same plane as the layer of insulation). Moreover, the seal provided by the
continuity with the wall's layer of insulation must be ensured, as it provides wind-tightness and water-tightness
and allows us to control vapor diffusion. This seal is achieved by installing various membranes, both inside and
out.
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Mechanical ventilation
It was solved with a centralised distribution system of outdoor and exhaust ducts that converge on a Passivhauscertified high-performance heat recuperator from Zehnder ComfoAir XL 6000 (85% heat recovered and 0,42
W/(m3/h) electricity demand ) combined with support heat from a gas boiler.

The system is designed so that, during the colder month, the heating system will start two hours before the
students arrive. Mechanical ventilation distributes heat from the few radiators that exist, cleaning the inside air of
any harmful substances accumulated overnight. After this, the heating system shuts down. The heat itself
generated by the students together with the heat exchanger is sufficient to maintain a comfortable temperature
inside the building during the rest of the day.
The mechanical ventilation system with heat recovery is controlled through signals received from probes located
in each classroom which provide real-time information on air quality, humidity and temperature.
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Central Ventilation Unit

Gas boiler
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Important PHPP results

OTHER INFORMATIONS:
Year of construction (rfurbishment):

2015

Constructions cost (gross)

1133 €/m2 Treated Floor Area according to PHPP

Building structure costs (gross):

996 €/m 2

Heating installation:

Gas boiler Remeha CALENTA 35 DS
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