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Space Matters for Science

The founders of science and technology studies (STS) Bruno Latour, Steve Woolgar, 

Michael Lynch, and Karin Knorr-Cetina pioneered meticulous explorations of science in 

the making to understand the process of the fabrication of scientific truth and facts; the 

cognitive and social dimensions of scientific experimentation and visualization; and 

the material operations that accompany scientific work.1 From the 1980s, Peter Gali-

son, Steven Shapin, Sven Dierig, Jens Lachmund, and Peter Mendelsohn have engaged 

in addressing questions of how space, locality, urban infrastructure, and city develop-

ment matter in the production of scientific knowledge.2 Taking inspiration from urban 

studies and architecture, they have focused attention on the importance of space to the 

credibility of scientific claims. They have also tackled the question of how the urban 

infrastructure and the architecture of various scientific buildings and laboratories, as 

socio-spatial settings, affect the production of knowledge and work patterns, and thus 

challenge the cognitive authority of science. These recent dialogues between the fields 

of science studies and architecture have made us rethink architecture’s role in the shap-

ing of scientific cultures and identities,3 the situatedness of scientific activities,4 the 

importance of space for both the production of scientific knowledge and the credibility 

of scientific claims,5 and the complex nexus of knowledge and space.

At the same time, STS scholars have expanded their methods to engineering, design, 

technological innovation, medicine, economics, and the arts, by following the actors 

in their routine practices, accounting for their actions and transactions in complex 

spatial settings, and unpacking the materialization of the successive operations they 

perform. Following this expansion, architecture has also received the attention of 

anthropologists trained in science studies, such as Michel Callon, Sophie Houdart, 

Yanni Loukissas, and Albena Yaneva who have offered an alternative pragmatist under-

standing of architecture-making, very different from the one bestowed by the critical 
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theory that dominates architectural discourse.6 Inspired by the pioneering work of 

Dana Cuff, these studies traced architecture in the making.7 Consequently, on the one 

hand, the interest of the STS community in issues of architectural and urban design 

has increased.8 On the other hand, architectural theorists have also started referring to 

the epistemological frameworks of science studies and have begun borrowing concepts 

and methodological insights.9

In spite of the growing cross-fertilization of the two fields, whenever scholars of 

architecture deal with scientific buildings, they often ignore the long tradition of STS 

that studies what happens in labs, namely the socio-material complexity of the prac-

tices of dwelling in labs. As a result, lab life remains entirely forgotten or considered as 

insignificant to the understanding of how architecture works. Similarly, whenever STS 

scholars tackle the architecture of science, they rarely discuss the specific architectural 

features of labs (e.g., location, site, facade design, visual language, design constraints, 

the negotiations of designers and client-users, and the specific materials rearrange-

ments). As a consequence, the design and planning processes behind scientific build-

ings were rarely accounted for with the exception of the work of Thomas Gieryn, 

Peter Galison, and Emily Thompson.10 Nevertheless, the practices of science labs and 

of architecture studios bear an astonishing resemblance to each other; both types of 

practitioners deal with trials, produce different scenarios and options, present results 

from experiments with materials and shapes, engage in measurements with models, 

simulations, and calculations, meet clients, funders and potential users, and take into 

account public reactions.

In our attempt to develop further this dialogue between the disciplines, we draw 

on the methods of the anthropology of architecture and science studies to trace the 

exchange between the designers and the scientists involved in the making of the 

National Graphene Institute (NGI) in Manchester, England. We provide glimpses into 

the inner workings of their labs and trace the unfolding dynamics of experimentation 

that preceded the design. If, for the seminal studies on the architecture of science, 

the key question was to explore both the relationship between the buildings and the 

shaping of the identities of scientists and their fields, and also the identities of the 

architects who design them, for us our key concern is different. Instead, we will ask 

what scientific architecture can tell us about the changing nature of scientific practice 

today, and more importantly, about the changing larger networks of scientific produc-

tion (the partnerships with industry, the city, and their funding structure). In other 

words, our question is: How do the dynamics of the new ecology of the science indus-

try inform us about the shifting practices of the architects and the working dynam-

ics of their “architectural labs”? Or, how does science lead to new tactics, tools, and 
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techniques in the practices of architects and building designers? Instead of navigating 

between architectural determinism from one side (architecture determines the science 

conducted inside) and architectural indifference on the other (architecture is irrelevant 

to the science contained within its walls), we will trace how a very specific scientific 

breakthrough—the isolation of graphene—acted as a complex machine that reconfig-

ured both scientific and architectural practices.

Designing the “Home of Graphene”

In 2010 the Nobel Prize in Physics was awarded to two physicists from the University 

of Manchester—Andre Geim and Kostya Novoselov—for the isolation of graphene, the 

first man-made two-dimensional material. Five years later, in 2015, following the ambi-

tion of the university to capitalize on the work done by its Nobel Prize winners, a new 

building was erected on the campus: the National Graphene Institute. Located at the 

main university campus on Booth Street West, the NGI draws the attention of visitors—a 

five-story building of around 7,825 square meters (approximately 84,230 square feet) 

with a distinctive black silhouette. Distinctive as it is, it breaks the monotonous patterns 

of gray and red brick buildings on the campus; its unique shape and sizable volume 

draw media attention, and the building enjoys a growing public interest as a showcase 

of cutting-edge science. Just a few minutes’ walk from the School of Architecture build-

ing, we—who are colleagues at the university—have often passed alongside it, contem-

plating the building site and awaiting impatiently for it to take shape.

However, to understand the building, we first need to understand graphene, the 

foil of nanotubes, whose properties have been known for decades, but the extraction 

of which as a single mono-layer with distinctive electrical properties and strength 

occurred only in 2004. This marked the start of the process of isolating the material. 

The applications of graphene have yet to be explored, and the new building will serve 

as an incubator dedicated to its development by bringing together academics and com-

mercial partners under one roof. Its design and state-of-the-art facilities are meant to 

contribute to the UK’s role at the forefront of the commercialization of graphene. The 

facilities will allow scientists and engineers to further explore how graphene interacts 

with other materials, and to develop prototypes that could potentially enter into full 

production. Currently, 150 researchers work directly on graphene at the NGI, and more 

buildings dedicated to graphene research are under construction on the campus of the 

University of Manchester.11

The chapter draws on in-depth interviews with scientists, architects, university man-

agers, building managers, and cleanroom technicians engaged in the recent process 
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of the design and construction of the NGI building. Our ambition was to shed light 

simultaneously on the life of two “labs”—that of the architects as well as that of the 

scientists. We witnessed the inner life of the NGI, those aspects of the design expe-

rienced by residents but hidden to the public, in its many different labs and com-

munication spaces. We observed the active collaboration of scientists energetically 

shaping the building through experiments, discussions, and negotiations. On the 

other hand, we also gained unique insights into the “architectural lab” of the London-

based firm Jestico + Whiles, as they engaged in BIM experimentation and design  

discussions.

Additionally, we conducted ethnographic observations in different spaces in the 

building. But due to the numerous restrictions (as isolated and protected environments 

set barriers for our access), we were not allowed to randomly stroll and explore the 

spaces. So, in order to gain a better understanding of how the building works for vari-

ous groups of “dwellers,” we took ethnographic walks with the interviewees, asking 

them to recreate their daily trajectories and the specific ways of engaging with the 

different features of the building. This allowed us to gain insights into the different 

Figure 3.1
The National Graphene Institute, Manchester. Photograph by the authors.
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practices and routines of dwelling that form the core of laboratory life at the NGI 

and contribute to a “lifestyle science” related to graphene research. During the ethno-

graphic walks, we stopped many times, questioned their attachments to the building, 

took photographs, and explored the different material arrangements, equipment set-

tings, inscription techniques, and the various design features of the building that mat-

tered for our NGI dwellers. Following the rhythm of scientific dwelling in its course, 

the ethnographic walks advanced a different understanding of the nature of scientific 

buildings and shed light on how architecture matters for the scientific practices of 

nanotechnology research. In addition, we visited the cleanrooms, and wandered the 

viewing corridor many times trying to imagine what a random visitor would see from 

outside. We sat in quiet labs, and witnessed the buzz of the busy Fridays, when more 

than a hundred people assemble at the building for the famous graphene seminars. We 

documented the building and captured its working rhythm in 2017, two years after it 

was built and was entering a steady-state phase of functioning.

While analyzing the work and lifestyles of the two labs, we will zoom in on the nitty-

gritty reality of the process of experimentation, the material tests, the techniques, the 

patterns of collaboration, as well the modalities of social exchange. Yet, before entering 

the NGI to witness graphene research in action, it is worthwhile exploring some prior 

examples of successful and less successful collaborations between these two types of 

practitioners and their labs, traversing quickly through the changing landscape of lab 

designs in the last decades.

The Changing Formulae of Science-Architecture Partnerships

From the 1960s onward, signature architects showed more interest in designing scien-

tific buildings. The dialogue between architects and scientists became an important fac-

tor for the success of scientific labs. Yet, very often, poor understanding of the nature 

of experimental practices in laboratories resulted in buildings that were deeply disliked 

by the scientists. The Richards Medical Research Laboratories (1965) designed by Louis 

Kahn and the Ray and Maria Stata Center (2004) by Frank Gehry are notorious in that 

respect. Kahn’s lab buildings in the 1960s foreshadowed in many ways today’s labora-

tory design. The Richards Medical Research Laboratories at the University of Pennsyl-

vania, his first scientific building, was greatly admired in architecture literature for its 

imposing presence and imaginative presentation of space and structure. However, the 

scientists complained about exposed pipes that collected dust, the lack of wall space 

for refrigerators, and about sunlight penetrating the building, melting ice in the buck-

ets, and spoiling experiments. The building as experienced in mundane lab life routines 



54 Albena Yaneva and Stelios Zavos

appeared to hamper rather than facilitate research. The contrast between the building’s 

beautiful shell and the inner working of the labs remain striking. Not surprisingly, the 

scientists were rarely included in design discussions.

However, Kahn’s second lab building, The Salk Institute for Biological Studies, in La 

Jolla, California (1965), was operationally more successful. Working in close collabora-

tion during the design, Salk and Kahn envisioned the building together. Learning his 

lessons from the Richards lab, Kahn built a place in which scientists felt comfortable 

working and, as a result, the building won plaudits for being functional: it accommo-

dated flexible lab facilities, essential to the fast-changing world of science, allowing 

ease of updating the mechanical equipment. The open labs encouraged students and 

postdocs to socialize. Flooding the laboratories with indirect daylight and producing an 

open and airy work environment, Kahn’s building provided a welcoming and inspiring 

environment for scientific research and formed the first example of a successful “sig-

nature” architect lab. Other examples followed. Among them, Payette Associates, and 

Venturi, Rauch and Scott Brown’s Lewis Thomas Laboratory in Princeton (1983) stands 

out. Developed around the “generic” laboratory model, it followed the large open lab 

design pioneered by the Salk, and emphasized the importance of discussion for the 

successful realization of molecular biology by including a number of generous circula-

tion and breakout spaces. The contradictory desires for social exchange and the seclu-

sion and separation between scientists, because of the specific environments of their 

work, were overcome efficiently through the design of the Lewis Thomas Laboratory. 

Since then, a new generation of scientific buildings have explored the facilitation of 

interactive behavior further, and promoted social exchange and collaboration among 

researchers from different disciplines through the open lab model. In these buildings, 

the atrium became more important than the laboratories themselves.12 The most recent 

trend, the subject of this book, shows a new generation of scientific buildings that 

emerge as megastructures or complexes of buildings that form entire self-sustained 

quasi-urban structures where scientists live and work, and where the boundaries of 

work and leisure dissolve.

This brief history of several decades of architectural interest in laboratory design 

forms the background of our case study, but the collaboration between scientists and 

designers here takes a specific form and has its own particular emphasis and effects. 

In particular, a unique partnership is forged between a Nobel Prize laureate, Sir Kostya 

Novoselov, and the architect Tony Ling, director of the London-based architectural 

firm of Jestico + Whiles, which resulted in a building that is one of the new genera-

tion of sustainable, high-tech science laboratories aimed at a collaborative research  

culture.
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The National Graphene Institute: Kostya in Search of the Right Design

Reflecting on the architecture of the building, the different issues and compromises, 

the lead scientist Kostya summarized it as “a continuous fight between Tony and me; 

I was trying to reduce the architectural features, he was trying to enhance them. So, 

what you see is basically the result of this battle, but we tried to maximize the space and 

make it as flexible for the future as possible.”13 Amazingly, the “battle” between the 

reduction and enhancement of the architectural features has resulted in a building the 

scientists at the NGI are happy with. Yet, for Kostya, who was often referred to by fel-

low scientists as “the true architect of this building,” the NGI building is quite logical. 

Embracing design language, he evoked different constraints at the start of the design 

process: first, the need of large cleanrooms, and second, the need to build the NGI 

at a walking distance from key departments, like Physics and Chemistry. He explains 

that he “wanted the building to be very universal in a way that, for example, all the 

architectural features can be essentially converted at a certain moment, to be useful 

space.”14 We probed this concept of universal and adaptable space further as we walked 

around the building with Kostya. In response, he showed us where he wanted some 

anchor bolts to be installed in the free space behind the main glass facade, as well as in 

the atrium of the building, so that metal beams could be placed in the future if needed. 

This modification would create additional floor area to be utilized as office space. As we 

walked, we also learned that some design features were incidental—like the roof terrace 

and garden on the top of the building—and he told us about the many different ways 

these features can be used advantageously. Kostya is happy and proud of this building; 

nevertheless, he did not tell us what the building is, rather how the building will grow. 

He thinks constantly about the opportunities to add, increase, expand, and maximize 

its efficiency.

At one point, we stopped on the roof level to contemplate the facade where Kostya 

recalled the process of facade design as being “the worst point of discussion”: the archi-

tects came to him with the idea of a veil that he thought was good but too expensive. 

However, at that moment of doubt, Kostya felt it was the scientists’ turn “to give them 

[the architects] something back because they gave a lot to us, but of course it was very 

difficult to choose something for the image.”15 This process of negotiation required a 

lot of experimentation together. Tony and his team produced and studied hundreds of 

different options of what the building should represent. It took a lot of time: long hours 

of discussions for the architects and the scientists to explore different patterns. This was 

a moment of intense experimentation, a moment when the visuals proliferated, and 
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Figure 3.2a, b
The facade of the NGI; close-up. Photographs by the authors.
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hundreds of renderings traveled hectically between London and Manchester.16 Kostya 

remembers:

At a certain moment, they came with a sort of image, like in this movie, The Matrix, where the 

numbers kind of fall down and then start forming a pattern. So, the architects came with those 

numbers and then I said “ok, why won’t we just put some formulae” and then we had very, very 

good hand-written formulae and then they converted and digitized them in such a way that you 

wouldn’t be able to read them, but you’d be able to see that those are formulae.17

Both Tony and Kostya agreed that the formulae should be very subtle. In our walk-

ing discussions, the authors and Kostya dwelt a great deal on these almost undetectable 

graphene equations inscribed in perforated metal. However, we had passed along this 

building so many times, and to our embarrassment, had never noticed the formulae. 

Yet, now aware of their conceptual generation and presence in the building’s facade, 

they make sense. At one point, the university administration requested that the for-

mulae be legible, and the architects and scientists tried several ways—hand-written, 

typed—then copied all the formulas from the allocators of graphene there and put 

them on the facade. They also added “legitimate mathematical jokes,” as Kostya calls 

them, so correct that they can be directly copied to textbooks. Thus, the facade was a 

compromise. The architects considered an opaque black screen, but this would have 

been too weighty. Another option was to have large hexagons, but Kostya did not want 

a very explicit reference to graphene to be placed on the facade; they only kept the 

little hexagonal perforations. We recollected the intense discussions and negotiations 

between the architects and the scientists around these different facade options. The 

Matrix-movie moment yielded a very interesting exchange: while Tony was learning to 

read and decipher the different formulae of graphene, grasping simultaneously what 

graphene is, and how it is translated into equations; Kostya was learning how to read 

the different shades of black and gray on the architectural rendering and how to imag-

ine the facade on the basis of the visuals produced in Tony’s lab. Staring at the facade 

formulae now, looking to find Kostya’s “jokes,” puts us in the mood of a worldly view 

of science, science that never happens in a “double-click” moment of invention, but 

is rather an endeavor that takes numerous reiterations with mistakes in search of the 

right answer—that is, science in the world.

The Other Lab: Tony Ling in Search of the “Right Formula”

At the same time, in the other lab in London, architect Tony Ling and his team experi-

enced the challenges of designing the NGI differently from the scientists. Tony listened 

to the stories of many graphene researchers to understand how they work, to grasp 
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their expectations and the nature of their practices. For him, the texture of spaces and 

surfaces should reflect the funding realities and the discussions with the scientists; 

the changing needs and preferences of different research teams; the vision of the lead 

scientist, Kostya, and, the very complex texture of graphene and its projected develop-

ment. As a scientific building, the NGI followed an inside-out approach wherein the 

form grew from the internal arrangement of the programmatic parts and their gradual 

resolution. While describing the exciting collaboration he had with Kostya in design-

ing the building, Tony emphasized how exceptional it was to have a client involved 

in the process from day one. He recalls Kostya spending, literally, hundreds of hours 

working with the Jestico + Whiles at every step, assisting in determining the design, 

development, and the relationships between these phases.

Although Tony has experience in designing nanotechnology buildings (for the Uni-

versity of Southampton and the University of Sydney), he finds that

the main difference between the NGI and other nanotechnology-related buildings, is the fact that 

they are generally part of the Physics department … whereas in the NGI, the sole purpose of it 

is to explore the properties of graphene, and also, the NGI has a policy of invitation of industry 

partners, who are given space within the building, to work with the academics at the university, 

to mutually benefit from the research.18

Thus, for Tony, graphene and the properties of graphene were at the core of the design 

concept. The architect tried to understand as much as possible the nature of graphene 

before his team started work on the building, but, as he shares honestly with us “the 

actual, very detailed properties and mechanics of working with graphene are beyond 

our grasp,” and the architects’ main job was to understand what kind of design envi-

ronments the scientists working on graphene will need.19

The very first design decision that the design team, the structural engineers and 

Kostya had to take was where to locate the cleanroom. This is the most important com-

ponent of the building as it is where the nanoscale research into graphene takes place. 

The technical performance of the cleanroom is paramount for the building’s success. 

The NGI building contains two cleanrooms: the main cleanroom takes over the lower 

ground level for minimal vibration and is connected by a cleanroom lift—the only one 

in England—to a second cleanroom on the third level. One of the key initial decisions 

Tony and Kostya made was to locate the cleanroom in the basement, four meters below 

ground level because the material is to be studied in such a small scale, any kind of 

vibration could disturb the experiments. This started out as the driving force behind 

the rest of design; the building followed the cleanroom and its form naturally grew out 

from the program.
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Figure 3.3
The large cleanroom at the NGI. Photograph by the authors.
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The next challenge was the discrepancy between the expectation for a 5,000-square 

meter (54,000-square foot) building, according to the university’s feasibility report, and 

a much bigger building, calculated on the basis of the scientists’ needs. For six weeks, 

the designers engaged in analyzing the net to gross floor ratios and cost per square 

meter of similar buildings with cleanrooms that had been recently completed, produc-

ing different options and comparative scenarios. Finally, the tests proved that a larger 

building was necessary (84,228 square foot or 7,825 square meters). The multi-headed 

body of stakeholders (project managers, the University of Manchester, government 

funding agents) had to readjust the budget accordingly. The initial funding for the 

building came from the UK government, and the European Regional Development 

Fund (ERDF) granted the extra money to construct the building. As Tony recalls: “it was 

quite an intensive exercise to eventually challenge that the building was to be bigger.”20 

While architects probed different scenarios, tested options and refined their working 

techniques, mobilized new tools and engaged in experimentation, the scientists fine-

tuned their expectations and the funders increased the budget.

Following these two challenges, the architects had to engage in more discussions 

with Kostya to understand what the specific requirements of the NGI were. Due to 

the complexity of the building it took weeks of iterative interviews with the scientists; 

along with repeated attempts at schematic plans and three-dimensional models, so 

that the architects could truly understand what the scientists, as clients, wanted. Tony 

and his team engaged in a process of generating “experimental layouts of notional 

ideas,” which they presented to Kostya, to say “is this what you mean?” Numerous 

discussions followed from which both the architects and the scientists learned from 

one another. As a result of experiments and trials in the design lab, these images also 

served as a way of communicating the expectations of the scientists. They allowed 

designers to learn from the user-clients and at the same time helped clarify structural, 

mechanical/electrical, and IT issues.

The next stage that required an active exchange between design and scientific know-

how was the process of organizing the building according to the functions, an approach 

that the architects term as “inside-out.” During this process architects made numer-

ous models, both virtual and physical, of the whole building, as well as of the differ-

ent components of the building. They engaged in three-dimensional modeling, and 

even produced a 1:50 model of the rear facade of the building to see how it really fits 

together. The models illustrated different options and took into account cost and pro-

gram factors, well as planning and university contexts. They also showcased the inside-

out approach: how starting from a number of “knowns” the building grew around 

the program and took a distinctive shape that followed its internal organization. The 
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Figure 3.4a, b
Experimental 3D models and drawings developed by the architects Jestico + Whiles. Courtesy of 

Jestico + Whiles.
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knowledge the architects gained in this project is now being transferred to the design 

of the Cavendish Lab in Cambridge. While the design process of the NGI implied fine-

tuning the tools and techniques of both architects and scientists, it also impacted the 

way the building mattered in the daily practices of graphene research. In order to wit-

ness the “inside-out” approach, we should go inside the building. Let us take a quick 

walk through the building in use.

A Walk in “Graphene Land”

On our first visit to the NGI, we found ourselves led straight to the top floor, where 

the seminar room opens onto a large rooftop terrace. In addition to the key scientist, 

Kostya and the architect, Tony, we interviewed building managers (John, Fran, and 

Richard), the scientific director (Vladimir), and scientists (Mark, Andrey, Sarah, Rahul). 

The ethnographic walks with a few scientists often began here, on the top floor, over 

coffee with Kostya, with Mark showing us the garden, and John introducing us to a 

happy group of young researchers and postdocs (“the core graphene team”) having 

lunch on the terrace in the shy Manchester July sunshine. We were introduced to the 

cleanrooms, and visited them many times to witness dark-blue-gowned technicians 

and light-blue-gowned researchers exacting minute procedures on graphene flakes.

There are eighteen different labs in the NGI, in which we witnessed mixtures of dif-

ferent disciplines: a laser lab, an optical lab for electrical measurements, and metrology 

and chemical laboratories. The building accommodates the many different scenarios 

these laboratories pose to risk management, their different hazards, diverse approaches, 

myriad technologies, inspection procedures, multiple outcomes, and different algo-

rithms. The combination of physicists, chemists, and material scientists working 

together sets challenges for the spatial design.

One aspect that the scientists were very much concerned with was the “gray spaces”: 

special seven-foot- (two-meter-) wide corridors, adjacent to most of the labs, where tools 

and equipment are stored, and air and electrical systems and gas piping are installed. 

If the nature of the lab is to be changed in the future, the “gray spaces” enable this 

flexibility to be done quickly and easily. Each lab has its own specific qualities. For 

instance, some of the labs are located along the exterior of the building, maximizing 

natural views and light and others are secluded or shielded. During one of our visits, 

we surprised a postdoc taking a nap in the Faraday chamber (fully isolated from elec-

tromagnetic waves). Embarrassed, he explained that he had had a long night in the lab 

and did not get to sleep at all; and at 4 pm he was still there waiting for the experiment 

to finish. In another lab, we met a happy postdoc listening to loud music; again, we 



Figure 3.5
Atrium and roof terrace on the top floor. Photograph by the authors.

Figure 3.6
Lab spaces at the NGI. Photograph by the authors.
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surprised him, yet, he responded with a wide smile to our visit. There are also open labs 

connected to the offices of senior scientists. In addition to labs, we also witness a large 

number of “breakout” rooms with furniture designed to encourage a convivial ambi-

ance for discussion.

During these walks and interviews we noticed, on the one hand, that the NGI 

successfully maintains the dual requirement for isolated, clean, protected environ-

ments away from vibration and electromagnetic interferences, where no noises from 

the external world of the lab should be allowed to inhibit results. We also noticed, 

on the other hand, the importance of highly interactive and collaborative spaces for 

research dialogue and developing new partnerships. This dual requirement responds 

to the specificity and the complex “ecology” of graphene as a two-dimensional mate-

rial, which appears in different configurations (graphite or diamond) depending on 

how the bonds are formed. The NGI was built “with other 2D materials in mind,” 

because it is the interaction with other 2D materials that will determine the success of 

future devices (in membranes, in energy, in electronics).21 The interactive capacity of 

graphene, and how it forms bonds, is what the institute is built around; similarly, the 

scientists and industry people in this building are expected to behave like graphene: 

isolation for the purposes of noninterference in experiments and interaction are the 

key conditions for the success of their work. Graphene sets the standards while at the 

same time researchers try to manipulate it in order to act according to internal and 

external constraints. And this process is performed incessantly through the searching 

for balance and delicate compromise. There is an amazing ontological symmetry that 

we witness: scientists, industry people, and 2D materials bear remarkable similarities 

to each other; they are all expected to form new bonds intensified by design. Thus, 

far from containing and sheltering scientific work, the building operates as a machine 

that maximizes the impact of graphene’s implications and catalyzes the productivity 

of scientists and industry people, allowing for a faster exchange of ideas and creation 

of new ones. As graphene is evolving almost daily, there is a constant pressure for the 

building and its dwellers to adjust to ever-changing standards and the ecology of the 

graphene machine.

Two aspects that struck us in this observation are the two distinctive rhythms of the 

building related to two speeds: the “high-speed train”-like rhythm of development of 

graphene research related to a hectic pair of work and experimentation, and a demand-

ing and highly competitive research culture (witnessed in the lab and seminars spaces); 

and at the same time, the contrasting, slow, calm, and easygoing rhythm of discussion 

and relaxation (witnessed in open, generously lit, often-empty atriums and breakout 

spaces). These two rhythms of dwelling in the home of graphene shaped the science 
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lifestyles at the NGI. Let us now witness the two rhythms of the building that followed 

the operative logic of the graphene machine.

Rhythms of Dwelling in the NGI Building

At the NGI “the groups just grow and shrink very, very rapidly because it’s very dynamic 

research.”22 This suggests an accelerated speed of activities. Everyone in the building 

follows the graphene rhythm—all the time, and in a hectic and devoted way. The build-

ing is self-contained, argues Vladimir Falko, research director of NGI, and its strength 

is that it has many complementary facilities for the fabrication of devices (electronics 

and opto-electronics, nanocomposites, and printable electronic systems) that are all 

invented within its space, characterized and then developed as prototypes for possible 

industry use. The swift pace of graphene research follows a tree-like development, the 

NGI being the start of this intertwined branching, extending to the Graphene Engi-

neering Innovation Centre (GEIC) and other buildings. Facilitating collaboration, the 

NGI speeds up technology transfer through the coexistence of labs and industry part-

ners, and also accelerates progress.

The building design matters for the rhythm of research. “Built with future develop-

ment and expansion in mind,” as John Whittaker, building manager of the NGI, tells 

us, its high-specification facilities are meant to provide “the flexibility for future devel-

opment, as graphene 2D materials research will evolve over the coming decades.”23 

Researchers constantly talk about potential, speed, and the possibility to adapt labs and 

upscale; they deal with projected changes, and think about long-term research devel-

opments and project management. Trying to anticipate what future research programs 

will bring, what the dwellers in the NGI witness is an “evolving building” whose flex-

ibility is to be managed while its consistency is maintained.

One of the senior scientists, Mark Bissett explains that “scientists tend to be very 

territorial. We don’t like sharing; it’s a very competitive industry, especially in the 

case of graphene.”24 The competitive aspect of their work accelerates the rhythm of 

research and the labs are built to respond to this rhythm of development: they are 

flexible and could be used for different purposes; they allow easy connection to a gas 

line or to power through the gray spaces, and quick installation work. All this avoids 

wasting time and provides a smooth rhythm without disruptions to lab routines; as a 

result, the work tempo quickens and becomes more efficient. The in-house mechani-

cal workshop avoids wasted time in subcontracting; the NGI technicians swiftly make 

changes on the spot. Even conventional design features, like the huge size of the eleva-

tor or the large width of the corridors are supposed to speed up the workflow. They try 
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to respond to and predict future developments of technology and research pace. The 

elevator accommodates fifty-five people, and is designed with the forethought that 

heavy and bulky equipment might need to be moved swiftly from the storage space to 

the labs and installed. The corridors, unusually wide, are also designed to house such 

equipment; they will allow a certain number of palette tracks to be fitted and massive 

equipment to be wheeled straight into the labs or moved quickly into another lab if 

needed. The building is “very technology intensive,” according to Fran Lopez-Royo, 

cleanroom manager, as a “high proportion of building volume is dedicated to the pro-

vision of technical facilities.”25 Anticipating future developments, the NGI facilitates 

the fast circulation of things and people throughout the building and remains at odds 

with the traditional buildings on the campus, not just in terms of aesthetic appearance 

and structure, but also, primarily, in terms of speed.

Another aspect related to speed is the extensive use of glass, which not only encour-

ages communication and exchange of ideas, but also “makes it easier for incoming 

researchers to quickly get to know the experienced building users.”26 Transparency 

enhances knowledge of how to use equipment and dedicated spaces, and how to cope 

with the high-tech aspect of the building environment. Andrey Kretinin, lecturer in 

materials, and one of the permanent “residents” in the building, tells us that the open 

space design of the laboratories also matters for the speed of research. As he affirms, 

“I quite like it because the walls of my office are made of glass and I can actually see 

what my students are doing in the lab and you feel involved in the everyday life of 

your students.”27 The arrangement of offices in immediate adjacency to open space 

labs makes senior researchers more involved in the experimental work, which is very 

difficult in other, more traditional buildings on the campus. From his office, Andrey 

can access the lab immediately, take part in running experiments, share ideas, and 

adjust equipment. All this “actually speeds up the creativity process,” explains Andrey. 

The “porous” infrastructure of offices and open labs affords “instant communication,” 

contributing to an even more accelerated pace of research. On the one hand, this expo-

sure between scientists increases the pressure while also optimizing performance. On 

the other hand, it makes working conditions more informal; it is easier to ask for help 

and engage in discussion. Expanding the overall “dwelling space” of scientists in the 

continuum open-lab-office also makes for a healthier, safer, and more spontaneous 

working environment in a compact building where all facilities are brought together 

and combined. As the building covers the whole process of scientific work, no time is 

wasted; there is no need to go out; everyone dwells in the enclosed, dense, and self-

sustained territory of “graphene land.”
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The Breakout Rhythm

While there is no downtime for the accelerated speed of graphene’s development and 

the NGI never sleeps, scientists do need downtime. As John jokes, the NGI is not “a 

complete slaughterhouse for research.”28 A number of spaces allow scientists to slow 

down the hectic rhythm of research and experimentation: the open terrace and atrium 

areas are quiet to allow some downtime, and a casual talk with friends. The corridors 

are lined in a black PVC material to encourage scientists to pause and write on the 

walls while chatting. To relax, Mark and Rahul often go upstairs to the roof terrace to 

sit down for a coffee, and to talk to people. Working in the building, Mark very often 

loses track of time: “the temperature control is very nicely done, so it’s quite easy for 

me to spend a lot of time in the building. I forget how long I spend here, sometimes 

8–9 working hours, and it never gets uncomfortable.”29 Other scientists also tell us 

that it is easy to forget what the weather is like when they do experiments in the labs 

Figure 3.7
Open labs and glass offices. Photograph by the authors.
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that are isolated environments or contain commercially sensitive things and thus have 

no windows. According to Rahul, “in this building the social area is maybe more dis-

tinctive compared to the old buildings,” and the attractive social aspects of the NGI 

encourage him spend a lot of time talking to colleagues.30 For Andrey, the building 

affords physical and psychological comfort, reducing the enormous stress from teach-

ing or research. Sarah and Rahul typically go into the building on weekday evenings 

for a couple of hours; Sarah even spends part of her weekends there enjoying the quiet 

and nicely designed atrium spaces. Here in the NGI everything is convenient, comfort-

able, close by, and accessible. The self-sufficient and comfortable environment, the 

pleasing modern aesthetics, the large open-air and green spaces, the abundant light, 

the atriums, the artworks, and the many common breakout spaces make the building a 

working paradise for all those residing in graphene land.

Thus, the building acts as a total environment where we witness an active process 

of dwelling at two speeds: hectic, hurried, and competitive, but also, slow, relaxed, 

quasi-domestic. Both the speedy and the relaxed rhythm encourage interaction and 

collaboration. No matter how intense the working rhythm is, scientists interact with 

each other, exchange tips, knowledge and lab recipes, rub shoulders at the benches and 

adjust experimental settings together in shared labs or in cleanrooms. Slowing down, 

they cross paths with each other and in this moment of unhurried, relaxed, breakout 

quality time, new ideas emerge, and new research alliances are formed that in return 

will accelerate anew the rhythm of the graphene machine.

Conclusions: The Good Experiment

The design of laboratory buildings has often been steered by narrow concerns for “effi-

ciency.” Praised for being a place where the instrumentalities of scientific research 

are shaped and where the credibility of scientific claims is secured, the contemporary 

laboratory is, however, far from a neutral “stage” for the production of knowledge.31 

Our study of the National Graphene Institute in Manchester shows convincingly that 

modern laboratory buildings are vital settings for the active shaping of new patterns 

of research cultures, new socio-technical ecologies of innovation, and new alliances of 

science, society, and industry.

Tracing the modalities of design dialogues between the architects and the scientific 

labs, and observing the rhythms of dwelling in the NGI, we showed that this high-tech 

nanoscience building provides an efficient—and most importantly—a pleasant and 

interactive working environment.
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Figure 3.8a, b, c
(a, b) Atrium at the NGI. Photographs by the authors.
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Figure 3.8c
(c) Nobel Laureate Sir Kostya Novoselov in the Atrium of National Graphene Institute. Photo-

graph by the authors.
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First, in our recollection of the process of making the NGI, neither the architect nor 

the lead scientist explained the building design by referring to their own individual 

idiosyncratic visions. Instead, different design options traveled many times between 

the architectural lab and the science lab, and were transformed and enriched as they 

traveled; both designers and scientists learned from each other’s techniques. While 

the architect engaged in explanations about the nature of graphene, the lead scientist 

Kostya showed mastery of key architecture terms and concepts. Glimpsing the two labs’ 

lives, we can conclude that, in an interesting and paradoxical way, the architectural lab 

appeared to bear more similarities with a scientific one than with the typology of the 

artistic studio, while the graphene lab stood out as reminiscent of a quasi-architectural 

setting where new types of research and partnership spaces were shaped. Graphene 

remained crucial for the design of the building, and its agency produced the drive 

for an ever-evolving building going always “beyond graphene,” as Kostya repeatedly 

defined the ambition. Connecting the methods and techniques of the two labs, gra-

phene’s novelty spread through the networks of material science, chemistry, and engi-

neering, and infiltrated back into the lab lives of both architects and graphene scholars. 

Thus, the NGI building followed logically, in the tangle of a tango, architectural con-

straints, and graphene standards.

Second, walking around the NGI and tracing the modalities of dwelling in the build-

ing, we can argue that the old-fashioned public image of scientists as recluses who work 

in isolation is far from the reality of contemporary science. Scientists interact con-

stantly, collaborating and bouncing ideas back and forth. Science is extremely social, 

and the success of many innovations is directly proportional to the extent to which 

there can be good contact among different laboratories and different types of expertise. 

Yet, interaction is neither endless nor self-sustained, but rather artfully regulated by 

the NGI building. Affording two distinctive speeds—the hectic competitive rhythm 

of accelerated research and the slow, human rhythm of easing up, the NGI architec-

ture acts as a flexible and porous setting mediating the balance between the regime 

of seclusion, silence, and isolation and the regime of interactive, noisy, vibrant social 

exchange. The success of scientific buildings today depends on how well they manage 

to regulate this precise balance. The NGI building acts as a guiding, daily reminder to 

practitioners not of who they are and where they stand, but of why they are there and 

what type of activity science is supposed to be. Its design does not shape identities; 

rather, it reshuffles practices, and redistributes agency. The NGI architecture underlines 

the visible steps in scientific endeavor, the formulae, the inscriptions and blackboards, 

the drafts and try-outs, the mistakes and retakes. All this tells us is: “There is no double 

click magic here! Come and try, make mistakes, start over: one formula after another 
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on the blackboard, or on the building skin!” It is in this continuous dialogue between 

chalk sketches of formulae and engraved equations on a facade that design matters for 

graphene research, and enacts graphene’s future.

Glimpsing the socio-material working dynamics in the two labs, and tracing the 

modalities of dwelling in the NGI, this chapter also outlines the importance of new 

theorizations of the simultaneously unfolding worlds of architectural and scientific 

experimentation and the related science lifestyles. The NGI building bears a striking 

resemblance to the settings of scientific experiments. Scholars like Andrew Pickering 

and Peter Galison have argued that the setting of a scientific experiment or a medical 

intervention can act as a mediator through which the object investigated gains capaci-

ties it did not have before.32 The good experimental set-up, and by extrapolation, the 

good design, is not one that is passive, but rather one that deforms, constrains, and 

enables in thought-provoking ways. Isabelle Stengers defined a good experiment as an 

occasion for sudden reversals and unexpected results.33 In a good experiment, the set-

ting is not invisible and docile—it is present and active. In a similar way, we can argue 

that the NGI building sets an example of a good architectural experiment, and serves as 

an active agent in the transformation of scientific practices that are by definition inter-

disciplinary, and science-industry driven, and at the same time operates as evidence for 

these changes. Designed and experienced as an influential setting, the building “mate-

rially refigures” and actively transfigures the practices of all those who pass through it, 

no matter how different their ontology is—nanotubes and mega-machines, scientists 

and technicians, among others; it redistributes their agency in a slow and relationally 

efficient way. We witness the transformative effects of laboratory buildings as powerful 

material arrangements where objects, apparatuses, ideas, inscription devices, scientists, 

and materials such as graphene, are all submitted to tests and transformed as the build-

ing actively intervenes in their lives at different speeds. The modern laboratory build-

ing expands the boundary of a situated lab-based experiment, and acts as a powerful 

architecturally enhanced, mega-scale mediator, which does not simply contain, but 

also fabricates new capacities and multiplies the effects of science.
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