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BALANCING COMFORT AND CARBON IN INPATIENT DESIGN

1 INTRODUCTION

Architectural decisions are binding contracts between the built environment and
its users. Choices about envelope and space design determine both comfort and
carbon footprint of buildings. Hospital buildings being one of the most energy and
carbon intensive typology, operating 24/7, they are the subject of research of the EU-
funded Horizon project Caring Nature, aiming to advance sustainable, circular healthcare
buildings.

Focusing on inpatient units, still major energy consumers despite fewer beds and shorter
stays, a prototypical patient room is analysed in four countries: Germany, Finland, Spain,
and Belgium. Over 10,000 dynamic simulations vary orientation, glazing, window-to-
wall ratio, sunshading, natural ventilation and thermal mass. Next, a user well-being
matrix is developed through rigorous literature research. The goal is to identify design
compromises that balance well-being and energy performance.

4 PATIENT ROOM

2 METHODS 3

Room-level simulations are carried out by assessing the cumulative impact of all levers
in a baseline scenario to identify maximum energy savings, and by isolating variables
to measure the effect of each strategy in relation to the climate. The results are linked
to the comfort framework, which highlights the room-level parameters that have the
greatest influence on energy recovery. To provide an overview, the embodied carbon
and life-cycle costs of the results are also examined. The conclusions are extended to
different department layouts: single corridor, double corridor and central courtyard, as
well as to different building types: podium+tower, street, and pavilion. The combination 3
of measures offering the best balance between energy and well-being is applied for each
climate. The qualities of natural light within the facilities and the micro-environment of
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1. Window: window-to-wall ratio (30% to 59%);
glazing type (70-34 / 80-76 TL-g); natural
ventilation (Y/N); frame materials (wood /
aluminum / wood-aluminum)

2. Movable sunshading: external mechanical

blind (Y/N)
. Fixed sunshading: horizontal overhang
(1.2 m / 0.0m); materials (fibrous concrete /
2 aluminum)
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the building types are also simulated. 4. Thermal mass: exterior wall (light / heavy
The results highlight, across three scales, the benefits of each lever on energy structure; wood / plaster / ceramics cladding)
performance, user well-being, costs, carbon, the environment and the qualities of
natural light for four climates.
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RESULTS AND CONCLUSIONS

the simulations show that the architectural factors

- studied: orientation, size and type of glazing, window-to-wall ratio, solar
@ @ oo | oo | o @ % shading, natural ventilation and thermal mass, have a significant impact
% o ® O not only on energy demand but also on patient comfort. The most energy-
intensive scenario is not necessarily the one with the worst results
@ O O O in terms of costs or carbon emissions, as certain measures (e.g. solar
shading or reduced glazed areas) require more materials. The identified
@ O ‘Best Compromise’ scenarios maximise well-being (daylight, views to the
” outside, potential for natural ventilation, spatial quality) whilst limiting energy
® trade-offs. These scenarios differ by climate, with for example Finland not
O o0 requiring any sunshading device. They demonstrate that, during the design
phase, a few targeted choices are sufficient to significantly shift the
& O balance between comfort and performance by almost 80%.
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References

—

Daylight Autonomy

80% 90%

mmm \Worst Case Scenario mmmm Best Case Scenario

Min. DA requirement

Podium and Tower

a comparison of the three
configurations (single corridor, double corridor, central
courtyard) highlights the influence of spatial organisation
on energy efficiency, the distribution of natural light and
the visual connection to the outdoors.

The central courtyard layout stands out for its better
overall energy performance and more uniform daylight,
whilst offering more views.

The differences remain moderate, however,
confirming that the quality of the facade and building
envelope remains the key factor, regardless of the
chosen layout.
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Street

analysis of the archetypes
(Podium + Tower, Street, Pavilion) shows that volumetric
compactness, shading, and relationship to outdoor
spaces strongly influence the energy/well-being
balance.
Inoursimulations, the Podium + Tower archetype offers
the best compromise: it combines a compactness that
helps reduce heat loss, better daylight penetration, less
obstructed views from the rooms and generally more
intuitive wayfinding. Pavilions and street-facing layouts
offer other urban qualities, but at the cost of weaker
energy and carbon performance.
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Ratherthanrelying solely
on technical solutions, working simultaneously on the
building envelope, spatial configuration and relationship
with the outside enables a significant reduction in
operational energy consumption, control over costs and
life-cycle impacts, whilst supporting patient recovery
through improved quality of space, light and views. In
the current climate context and given the high carbon
intensity of the hospital stock, designing ‘low-carbon
and high-comfort’ inpatient units therefore depends
above all on informed, deliberate and measurable
architectural choices.

Affiliations

investments-in-schools-offices-and-hospitals/

3. Coccagna M, Cesari S, Valdiserri P, Romio P, Mazzacane S. Impact of morphological and functional features on hospitals’ energy consumption: A comparative analysis of six case studies. WSEAS Trans Environ Dev. 2018 Jan

1;14:212-25.
4. Cesari S, Valdiserri P, Coccagna M, Mazzacane S. Energy savings in hospital patient rooms: the role of windows size and glazing properties. Energy Procedia. 2018 Aug;1
5. Hama Radha C. Retrofitting for Improving Indoor Air Quality and Energy Efficiency in the Hospital Building. Sustainability. 2023 Feb 14;15(4):3464.

6. Jain N, Burman E, Stamp S, Shrubsole C, Bunn R, Oberman T, et al. Building Performance Evaluation of a New Hospital Building in the UK: Balancing Indoor Environmental Quality and Energy Performance. Atmosphere. 2021 Jan

15;12(1):115.

erubinacci@archipelago.be

48:1151-8.

https://archipelago.be

7. Ulrich, R. S., Zimring, C., Zhu, X., DuBose, J., Seo, H.-B., Choi, Y.-S., Quan, X., & Joseph, A. (2008). A Review of the Research Literature on Evidence-Based Healthcare Design. HERD: Health Environments Research & Design Journal,

1(3), 61-125. https://doi.org/10.1177/193758670800100306

8. Abd-Alhamid, F., Kent, M., & Wu, Y. (2023). Quantifying window view quality: A review on view perception assessment and representation methods. Building and Environment, 227, 109742. https:/ doi.org/10.1016/j.buildenv.2022.109742
9. Foureur, M. J., Leap, N., Davis, D. L., Forbes, I. F., & Homer, C. E. S. (2010). Developing the Birth Unit Design Spatial Evaluation Tool (BUDSET) in Australia: A qualitative study. HERD, 3(4), 43-57. https://doi.

org/10.1177/193758671000300405

BELGIAN
CLIMATE

cumate  Belgian Science for Climate Action Conference 2026

archipelago (%) CARING NATURE :
R

https://caringnature.eu

Tarchipelago architects, R&l Dept, Brussels & Leuven, Belgium
2 Université Catholique de Louvain, Louvain Research Institute for Landscape, Architecture, Built
Environment, Urban Metabolism lab, Belgium
3KU Leuven, Research[x]Design, Dept of Architecture, Leuven, Belgium
“*KU Leuven, Architectural Engineering, Dept of Architecture, Leuven, Belgium
® Hasselt University, Faculty of Architecture & Arts, Hasselt, Belgium

il This poster is part of the research conducted within the Horizon project Caring Nature (nr. 101137340), funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the
e European Union or the European Health and Digital Executive Agency. Neither the European Union nor the granting authority can be held responsible for them.



