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extension, conservatory, buffer zone or thermal shell

→ Examples section featuring reference projects from all 

over Europe and an overview of typologies

→ The greenhouse as a low-tech approach to smart  

building concepts

A greenhouse is far more than a simple extension or a stand-
alone building. The wealth of possible concepts ranges from 
life-sustaining environmental conditions to structures for 
cultivating plants. In this context greenhouse refers to both 
atmospheric conditions and the building type. Greenhouses. 
Studies on Types explores this topic in greater depth by con-
sidering the greenhouse not as a fixed model but rather as a 
series of architectural principles.

From a typological perspective, the book explores how green-
houses introduced a new logic of space – be it in the form 
of buffer zones, thermal shells, conservatories or additional 
living space. These in-between spaces reconfigure living and 
com-munal areas and alter microclimates, thus contributing to 
current debates on climateresponsive architecture.

Following the concept of the “Studies on Types” series, the 
book begins by examining the typological concept of the 
greenhouse type – as a historical manifesto, as a central 
element of 1970s solar architecture and as food for thought 
about thermal control – and goes on to analyse a wide selec-
tion of case studies portrayed and redrawn by students of the 
EAST design studio in order to provide a detailed insight into 
the various manifestations of this type.

The book rounds off with a visual atlas that brings together all 
of the case studies and historical reference buildings. 
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Conceived as a reference work and systematic overview, it 
illustrates the relational and transformative role of twentieth-
century greenhouse typologies and their potential to enrich 
architectural space.

About the editors  
EAST – Laboratory of Elementary Architecture and

Studies of Types, EPFL Lausanne

While the function of a building may change over time, its 
architecture remains. In lessons, EAST examines the aspects of 
construction that determine the use, morphology, and spatial 
structure of buildings. The history and change of these aspects 
serve as a basis for analyzing the design of new buildings as well 
as for reusing and transforming existing buildings. Urban settle-
ments are thus a laboratory for architectural ideas, which are 
further developed using the technical means and spatial concepts 
of our time. The joint project work in the studio space facilitates 
a continuous discussion of different design approaches and helps 
the students to develop their own ideas.

Tiago P. Borges is an architect, postdoc and associate professor 
at EPFL. His work focuses on typological studies, with special 
emphasis on typological transfers and the historical and concep-
tual connections between greenhouses and living spaces.

Anja Fröhlich is associate professor of Architecture and Design 
at EPFL and codirector of the EAST Laboratory. Pursuing a 
typological approach to urban architecture, she draws on her 
PhD thesis to investigate how form serves to organise communal 
life and articulate spatial relations.

Martin Fröhlich is associate professor of Architectural Design at 
EPFL and codirector of the EAST Laboratory. He is cofounder 
of AFF Architekten (Berlin / Lausanne) and AFFECT, a research 
project on the subject of circular building.

Fig. 03 Schematic diagram showing phased construction.

16

exhaustion. The temporal order of the greenhouse can therefore collide 
with working hours, fatigue and irregular availability of time. What is 
sold as self-determination in providing for oneself can end up as a per-
manent obligation to a rhythm that becomes inscribed in daily life. 
The second conflict concerns capacity. Migge’s systematic linking of soil, 
heat, waste and labor is effective but not without limits. Each requires 
space, mate rials, knowledge and continuity. The system is sustainable 
as long as these aspects remain stable but comes under pressure 
when individual aspects – time, money, land or labor – become scarce. 
Migge’s concept of a provision economy is thus limited in scale. And 
precisely because these models are tied to concrete resources, they 
are political and can even end up determining who has access to such 
self-sufficient models. The third conflict is social and results from 
how labor is distributed. Even when tending to crops and provisioning 
are accorded greater social importance, the workload is not auto-
matically shared equally. Responsibilities, routines and attentiveness 
tend to attract certain people, roles or life situations. Although the 
greenhouse makes the work invested visible, it does not mean it is justly 
distributed. It manifests the aspect of responsibility in the spatial order 
without itself offering any answers.

Fig. 10 Siedlung Bauer, plans of a small dwelling.
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Tiago P. Borges

Greenhouse Studies

Greenhouses have traditionally been described in terms of oppositions 
– indoors and outdoors, inside and outside, productive and domestic, 
nature and technology – to the point that these have become established 
clichés. Historically, these have shaped our understanding of green-
houses – at least since they emerged as social spaces – as intermediate 
spaces with a highly ambivalent character. The difficulty is that this 
framing can flatten or exclude the very nuances that theoretical study 
seeks to unpack. For one of the few artefacts where architecture and 
climate intersect, this is a rather vague and imprecise basis for its useful 
and productive use.

The three “Greenhouse Studies” design studios we developed at EPFL set 
out to challenge this status quo. The greenhouse is, after all, an archi-
tectonic artefact that breaks with the conventional logic of most buildings, 
which typically shield interiors from the exterior climate. Its identity 
emerges from the active relationship between an architectural and a cli-
matic condition. Typologically, it operates between a core and an exte-
rior, as a spatial and climatic articulation that prompts us to reconsider 
how climate interacts with architecture and how it is produced. Our 
experience from the design studios has shown that “rhythm”, “density”, 
“distance” and “transparency” are not only spatial qualities but can 
also describe the microclimatic conditions of architecture.

In this publication, we consider greenhouses not as autonomous objects, 
but as relational ones, each tied to a core domestic practice or a clearly 
defined space. Where the greenhouse intersects with this primary space 
– the housing unit – it can extend, structure or reorganize patterns of 
domestic life. In the projects, we therefore examine not just their formal 
qualities but also their relationships with the house, the outdoor cli-
mate, the seasons, and their inhabitants. This relational perspective 
invites us to rethink conventional typological structures that link form 
and function. Rather than imposing taxonomic rigidity, it identifies 
recurring relationships: degrees of integration, modes of microclimatic 
mediation and levels of interaction with domestic life.

While the floor plan has become the standard means of representing 
domestic spatial organization, it is not entirely suitable for contexts in 
which climate and habitation overlap. For example, how can we analyze 
microclimatic types? How can we organize less tangible concepts, 
such as thermal gradients, humidity and seasonal patterns of habitation? 
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combines light, growing space and shelter, marking an initial spatial tran-
sition between gardening and living. The fact that the Kleingartenstadt 
Südgelände project was never put into practice is revealing for precisely 
this reason. As a conceptual model, it illustrates the core of Migge’s 
approach in which self-sufficiency emerges through phases and capaci-
ties – and not through predefined house types.

Heat and Climate

For Migge, energy is not an abstract quantity. It is a resource to be orga-
nized spatially. What we now refer to as “passive” or “low-tech” strate-
gies was, for Migge, based on a simple premise: cultivating plants equates 
to a form of managing energy because food is a “product of solar 
energy” and the yield depends on the “amount of light and heat” a plant 
receives.5 The greenhouse was an essential lever in the supply of 
energy: a space that concentrates and buffers environmental energy.

Migge’s approach to thermal economics began not with ways of pro-
ducing energy but with creating conditions under which the sun can be 
made productive. Put simply, “without light and heat, there can be no 
intensive plant cultivation”, and “heat is not solely the product of sunshine 
– it can often mean the absence of wind and weather, which cool the 
air and soil”.6 Climate is thus not a given environment; it is an effect to be 
produced: “In true horticulture, ‘soil fertility’ and ‘climate’ are created”.7 
The greenhouse as an enclosure that limits cooling embodies this princi-
ple perfectly. The actual medium here is glass: it makes solar heat pro-
ductive, can contain and retain heat so that it can be transferred for other 
purposes. Migge’s deliberations on organizing thermal processes arose 
during a period when fossil fuels were, in principle, available but expen-
sive and politically unstable in everyday life: coal shortages, rising prices 
and irregular availability made ensuring heat supply something that 
needed to be reliable and robust. Migge translated these considerations 
into concrete design decisions, particularly in the shaping of the shell 
and transitions.

This principle underlies Migge’s design for an Erwerbssiedlerhaus8 that 
he designed together with Leopold Fischer in 1925 for the “Heim und 
Scholle” exhibition in Braunschweig. Fig. 05 shows the semi-detached 
form of the model home that was built, and the floor plan in Fig. 06 
makes it clear that it was intended as a mass-producible housing model 
for a typical five-person family at the time. What is revealing about 
this plan is the way the living spaces are surrounded by buffer zones – a 
veranda, animal pen and conservatory – and how the boundaries of the 
house are defined by the need to organize climate as a spatial condition.

Fig. 05 Pilot project of the Erwerbssiedlerhaus in Braunschweig.

Fig. 06 Floor plan of an Erwerbssiedlerhaus.
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Fig. 09 Siedlung Bauer, plans of a large dwelling, divisible into two halves.

exhaustion. The temporal order of the greenhouse can therefore collide 
with working hours, fatigue and irregular availability of time. What is 
sold as self-determination in providing for oneself can end up as a per-
manent obligation to a rhythm that becomes inscribed in daily life. 
The second conflict concerns capacity. Migge’s systematic linking of soil, 
heat, waste and labor is effective but not without limits. Each requires 
space, mate rials, knowledge and continuity. The system is sustainable 
as long as these aspects remain stable but comes under pressure 
when individual aspects – time, money, land or labor – become scarce. 
Migge’s concept of a provision economy is thus limited in scale. And 
precisely because these models are tied to concrete resources, they 
are political and can even end up determining who has access to such 
self-sufficient models. The third conflict is social and results from 
how labor is distributed. Even when tending to crops and provisioning 
are accorded greater social importance, the workload is not auto-
matically shared equally. Responsibilities, routines and attentiveness 
tend to attract certain people, roles or life situations. Although the 
greenhouse makes the work invested visible, it does not mean it is justly 
distributed. It manifests the aspect of responsibility in the spatial order 
without itself offering any answers.

Fig. 10 Siedlung Bauer, plans of a small dwelling.

and organization of work not only coexist but actually merge into a 
shared practice. It lessens dependencies on “external” systems of supply 
and provision – whether governed by markets or as public infrastruc-
ture – and places it firmly in the hands of the household, transforming 
everyday life into a productive domestic economy. However, this also 
has its own implications. Any autonomous, spatially organized system 
entails the allocation of responsibilities, and the fact that this can lead 
to conflicts is not a side effect but part of its logic.

The first conflict concerns time. Tending to plant crops follows biologi-
cal and climatic rhythms and not the logic of wage labor. Plants 
require regular attention, and tending to them is repetitive. Omissions 
have concrete effects, resulting in stagnant growth, crop losses and 
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Fig. 12  Summer. Convective ventilation and solar 
chimney effect.

Fig. 13 Winter. Solar gains and conserving thermal energy. Fig. 14 Summer. Convective ventilation and venturi effect.

Fig. 11 Winter. Conserving thermal energy. Fig. 16 Summer. Convective and cross ventilation.

Fig. 17  Winter. Air renewal and reduction  
of ventilation losses.

Fig. 18 Summer. Cross ventilation.

Fig. 15  Winter. Air renewal and reduction  
of ventilation losses.
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Fig. 24 Winter. Solar protection.

Fig. 25 Winter. Cross ventilation.

Fig. 23 Winter. Capturing solar energy.
The regulations are stubbornly prescriptive at a time when greater flexi-
bility is needed.

In-between spaces allow architects to work with an expanded comfort 
logic without violating the strict criteria where they still apply. They create 
a climatic perimeter that accommodates variability, and acts as an 
architectural “time buffer” against the temporal mismatch between pres-
ent codes and future climates. This is by no means an attempt to under-
mine safety. Fire and health requirements remain essential. It is, however, 
a call to recognize that the current regulatory model’s inability to 
accommodate spatial comfort gradients leads to the over-dimensioning 
of HVAC infrastructure. The “gray zone” makes gradients possible.

In practical terms, this means:

• • locating high variability in spaces that can legally tolerate it,
• • using those spaces to reduce loads on the regulated core, and
• • shrinking HVAC requirements rather than merely improving 

its efficiency.

In-between spaces become a disciplinary tactic: a way to reintroduce 
climatic intelligence into a compliance-driven culture.

Retrofitting the Existing: Adding Climatic Layers Instead of Rebuilding

Most of the building stock in 2050 already exists today. The energy 
embodied in these structures means that their demolition and renewal 
is non-viable in environmental terms. In-between spaces offer one 
of the most effective means of retrofitting existing buildings by adding 
a climatic layer.

• • Enclosing balconies seasonally can create temperature buffers.
• • Adding lightweight galleries can reduce ventilation losses.
• • Roofing over courtyards can generate shared temperature- 

mediating spaces.
• • Transforming stairwells into ventilation stacks can facilitate 

hybrid ventilation strategies.
• • Reorganizing circulation through shaded corridors can create 

cool routes in heat waves.

These interventions are more than “energy upgrades”. They reconfigure 
habitability and social life. A shared landing becomes an inhabited 
threshold. A courtyard becomes a winter refuge and a summer ventila-
tor. Such retrofitting strategies are spatial and not only technical. 
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was a kind of El Dorado for archi-
tects. Ten years later, perhaps, 
it was the Ticinese architects who 
were really highly regarded, but 
at that time it was Finland. We 
admired Alvar Aalto enormously, 
the quality of Finnish architecture 
in general, and many of the young 
Finnish architects of the time. 
We visited many buildings that we 
admired, especially collective 
housing complexes, and they made 
a strong impression on us and 
shaped our vision of collective 
housing and communities.

Jeannette Gygax
But it was especially the younger 
generation and the Finnish scene 
we admired. Aalto was already 
old at the time, and we met other 
Swiss architects who worked there. 
Everyone said, “Do not go to Aalto; 
he is too old.”

Tiago P. Borges
Let me gradually shift focus now 
to the 1970s. You left Finland 
in 1968–69 and returned to 
Switzerland, where you went to 
Geneva. 1973 was the time of 
the energy crisis. What was the 
atmosphere like in Switzerland?

Peter Gygax
There were many protest move-
ments at that time, but profession-
ally speaking, it did not influence 
us very much. When we started out, 
we tried to build in a way that we 
thought would be more ecological 
than what we had learned: a little 
less concrete, more wood. That 
was often the case, but it was not 

something that was imposed on 
us, or even that everyone asked for. 
Finland inspired us very much 
because they used wood a lot for 
building and were much more 
advanced than Switzerland in insu-
lating houses. We learned a lot 
about energy use in buildings from 
our time in Finland.

Tiago P. Borges
So, you brought those ideas back 
with you to Switzerland. When 
the energy crisis came in 1973, did 
you feel a change coming about, 
or did that only happen later?

Jeannette Gygax
In 1973, we built the first house 
with rotating solar collectors.

Peter Gygax
We were among a few who took 
an interest in energy issues. We 
wanted to design a house that 
would make good use of sunlight. 
Following the 1973 energy crisis, 
we took a detailed look at what 
was being built in Switzerland and 
elsewhere in this regard. As part 
of that, we came across two 
or three examples, especially in 
France and New Mexico. Jacques 
Michel and Jean Pierre Cordier, 
Felix Trombe or Steve Baer and 
Wayne Nichols were some of the 
names that stood out. They gave 
us the impetus to learn more 
and the motivation to try such 
methods ourselves.

Jeannette Gygax
I remember we even thought about 
going to New Mexico!

Tiago P. Borges
So, on the one hand, you were 
looking at solutions that were, let’s 
say, comparatively low-tech – I’m 
familiar with some of those exam-
ples, and one could not call them 
technology-driven – and on the 
other, you were innovating because 
your solar elements were rotating. 
How did you find your place 
between technological innovation 
and architecture that employed 
vernacular, low-tech principles, 
making do with what is available 
and responding through form 
and space?

Peter Gygax
That was exactly our aim: to make 
houses that respond well to climate 

through architectural means:  
orientation, fenestration and ther-
mal retention.

Jeannette Gygax
Precisely. Our first house was still 
thoroughly “conventional”! The 
only unusual elements were the 
collectors and energy storage sys-
tem. It was only later that we 
began to respond using architec-
tural strategies.

Luciano Antonietti
In other words, a matter of space.

Jeannette Gygax
Yes, that is what interested us. Not 
technical gadgetry.

Fig. 35 Exterior view of the house in Dornach, 1977.
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we were proposing. But in their 
essence, individual houses are 
inevitably a form of isolated, indi-
vidual living.

Luciano Antonietti
So, at some point you had to say, 
“enough is enough” – a stance also 
shaped by values and by a stronger 
commitment to community.

Jeannette Gygax
Living in Siedlung Halen was very 
significant for me. A sense of com-
munity is without a doubt good 
for society, and we experienced 
this firsthand there. We have car-
ried something of that experience 
over into our own living situation. 
We live in a block of flats in Bern 
with friends of a similar age. As 
such, we were able to pass on the 
detached houses we previously 
lived in to the next generation.

Luciano Antonietti
Have you ever lived in a house that 
you designed yourselves, or in 
a house with a greenhouse space 
where you experienced it from 
the inhabitants’ viewpoint?

Jeannette Gygax
Yes, in Halen, actually. We had 
a house with a large roof terrace, 
known as a solarium. We con-
verted this space into a green-
house space with removable 
glazing and many plants.

Peter Gygax
It was our prototype greenhouse.

Tiago P. Borges
We have talked about domestic 
interiors, houses, and greenhouses. 
Finally, what makes a good house 
for you?

Peter Gygax
It’s hard to define, but for me it’s 
a kind of beautiful, coherent whole. 
A balance between function and 
design. A harmony of means and 
the arrangement of the elements.

Jeannette Gygax
Yes, that is essentially what it is. 
Nothing complicated. I could live in 
a concrete house, but I could also 
live in a wooden house. I could not 
even say it has to be one or the 
other. But there should definitely be 
no unnecessary “Schnickschnack”.

Fig. 38  Ground floor plan, Cooperative Aarche-Rohrmatt in Kaufdorf, Bern, 1985–1996 
Floor Plans and Cross Section, Scale 1:400: 1. Entrance; 2. Kitchen; 3. Dining room; 4. Living room; 5. Bathroom, 
shower, toilet; 6. Greenhouse, sunroom; 7. Community room; 8. Bedroom; 9. Work, play; 10. Storage; 11. Open area; 
12. Gallery; 13. Balcony, terrace; 14. Attic; 15. Covered walkway; 16. Workshop; 17. Shed; 18. Vestibule; 19. Laundry.

Fig. 37 Exterior view, Cooperative Aarche-Rohrmatt in Kaufdorf, Bern, 1985–1996.
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Footprint of the building 
881 m2 
 
Footprint of the greenhouse 
26 m2 

Gross floor area 
907 m2 
 
Volume of the building 
2290 m3 

Volume of the greenhouse 
67 m3 
 
Gross volume 
2358 m3 

Proportional volume 
of the greenhouse 
2.8 %

Originally designed and built for Fritz and Greta Tugendhat, the owners 
were only able to use the house for a few years before it was seized by 
the Gestapo in 1939. In the post-war socialist era, it was used as a dance 
school and as a physiotherapy clinic. Widely regarded as an iconic work 
of modernist architecture, Villa Tugendhat is now an official UNESCO 
World Heritage Site. The house is the only one of Mies van der Rohe’s 
modern designs for private residences to incorporate a greenhouse. 
Situated on the southeast façade, the conservatory is an elongated glazed 
space measuring 12.3 × 2.1 meters that adjoins the main living area and 
has an entirely glazed south façade. It includes a water source, a heating 
system and a single opening to the outdoors. Despite the extensive doc-
umentation available about the house, the existence of this green space 
is often forgotten, and its qualities as a winter garden are rarely men-
tioned in publications. In fact, the space accounts for a thirtieth of the floor 
area of the residence. The winter garden is most apparent when the 
glazing of the living area on the first floor is retracted into the basement. 
Its primary purpose was to act as a transition between indoors and out-
doors, creating a link between the residential interior and the immediate 
surroundings of the garden.

Mies van der Rohe
Brno, Czech Republic

Villa Tugendhat
1928–1930  1:250
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Footprint of the building 
302.5 m2 
 
Footprint of the greenhouse 
43.2 m2 

Gross floor area 
345.8 m2 
 
Volume of the building 
2240.3 m3 

Volume of the greenhouse 
117.4 m3 
 
Gross volume 
2357.8 m3 

Proportional volume 
of the greenhouse 
4.98 %

The German architect Hans Scharoun was commissioned to build a house 
for the industrialist Fritz Schminke on a plot of land next to the owners’ 
pasta factory. As is often the case with so-called organic architecture, 
form follows function. The Schminke’s had a clear vision of what they 
wanted for their home and also the means to envision something that 
showcased their own modernity. The house includes a Frankfurt kitchen, 
extensive glazing and a heating system for an indoor tropical garden.

The house extends along an axis that begins with supporting functions 
such as the kitchen, storage areas and circulation, and transitions into 
the open and spacious domestic spaces. At the east end of the house, this 
culminates in a large, glazed and heated winter garden from which 
one has an expansive view over the remainder of the plot and the large 
garden on the north side of the building.

Hans Scharoun
Löbau, Germany

Schminke House
1930–1933  1:250
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