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The innovations revolutionising
Passivhaus construction

Discover the latest innovations in Passivhaus construction: natural materials, smart ventilation,
adaptive membranes, home automation and renewable energy,.

Humidity-variable membranes: intelligence without electronics

If there is one innovation that excites us for its technical elegance, it is the humidity-variable membrane.
Unlike conventional vapour barriers, which have a fixed permeability, these membranes adjust their
behaviour automatically according to the relative humidity of the environment. In winter, when the indoor
air is dry and the risk of interstitial condensation is high, they become more impermeable. In summer, when
the ambient humidity rises, they open up to let the building element dry towards the interior.

What makes this technoloqy truly special is that it works without any electronics, without sensors, without
energy consumption. It is passive intelligence in the purest sense of the term: the membrane responds to
the physics of the environment around it. In the Mediterranean context, where summers are humid and
winters relatively dry, this adaptability is especially valuable. We have incorporated humidity-variable
membranes into our latest projects and the results in envelope durability and moisture management are
markedly better than what we obtained with static vapour barriers.

Combined with the latest generation of tapes and sealants, they make it possible to reach airtightness
levels well below the 0.6 ACH that the standard requires, while protecting the timber structure against

long-term moisture build-up.

Phase-change materials: storing coolness without machinery

Phase-change materials (PCM) represent a fascinating frontier for Passivhaus construction in the
Mediterranean. These materials absorb large amounts of heat as they melt at a given temperature,
and release it as they solidify when the temperature drops. Integrated into plasterboard or ceiling
elements, they act as natural thermal requlators that flatten the temperature peaks without any

energy consumption.

For houses on the Catalan coastal strip, where summer nights do not always cool down enough to
ventilate naturally, PCMs calibrated to 23-25 degrees can significantly reduce the need for active cooling.
We are assessing their integration into future projects as a complement to traditional passive strategies,
because their potential in climates with summer overheating is enormous.



Continuous monitoring and data-driven optimisation

One of the trends that has most changed the way we work is the continuous monitoring of homes once
they are delivered. Temperature, humidity, CO2 and energy-consumption sensors distributed throughout
the rooms generate a stream of data that lets us check whether the house behaves as the PHPP model
predicted, and tune it if it does not.

In our latest project, K-Alzina, in the Montseny, we have incorporated a monitoring system that collects
data every fifteen minutes and displays it on a dashboard accessible from a phone. It is not home
automation in the conventional sense: it is not about controlling lights or blinds, but about having a real-
time picture of the thermal and energy performance of the house. When we detect that a room behaves
differently from what was expected, we can identify the cause, whether it is a usage habit, badly
configured solar shading or a necessary adjustment to the MVHR.

The next step, already being applied in large-scale projects in Central Europe, is automatic optimisation
with artificial-intelligence algorithms. Systems that learn the residents' usage patterns and adjust the
climate control, ventilation and solar shading, anticipating needs. We have not yet implemented this in our

single-family homes, but we follow the evolution of this technology closely.

Building-integrated photovoltaics (BIPV)

Building-integrated photovoltaics (BIPV) goes beyond the conventional panels installed on the roof. It
involves photovoltaic cells incorporated directly into building elements such as ventilated fagades,
balcony railings, pergolas or even semi-transparent glass. The building element produces energy while
still performing its original architectural function.

For our Passivhaus homes, where the energy demand is already very low, BIPV opens up interesting
possibilities. A south fagade with integrated photovoltaic elements can generate a significant share of the
annual consumption without taking up roof surface, which remains free for other uses or simply for a
cleaner aesthetic. The costs are still higher than those of conventional photovoltaics, but the economic
footprint falls quickly as the technology matures.

Prefabrication and Passivhaus modular construction

Prefabrication is not new in timber construction, but applying Passivhaus criteria to factory manufacture
has reached a level of precision that changes the rules of the game. Complete wall panels, with insulation,
airtightness membrane, integrated services and interior finish, leave the workshop with millimetre
tolerances and arrive on site ready to assemble.

This has two very relevant practical consequences. First: the quality of the airtightness improves
dramatically, because the sealing is done in controlled workshop conditions, not out in the open. Second:
the on-site time is reduced, which lowers indirect costs and minimises the disruption for the client and the
neighbourhood. At PAPIK Group, our experience with light FSC timber frames places us in a natural
position to move towards higher degrees of prefabrication in the coming projects.



The future we are already building

Every project we deliver incorporates something that two years ago did not exist or was not
viable. This technical curiosity, always tested against the rigour of the Passivhaus standard, is
what makes us better builders project after project.

None of these innovations has value on its own if it is not integrated into a coherent building system. The
humidity-variable membrane without a good junction detail is useless. Monitoring without someone to
interpret the data is noise. And prefabrication without a team that understands the Passivhaus standard is
simply industrial production. What we look for at PAPIK Group is the intersection between emerging
technology and the craft of building well, applying only what proves a real benefit for our clients and for
the environmental footprint of their homes.

© 2026 PAPIK Group - papik.cat https:/papik.cat/en/article-passivhaus-innovations



