THE INNER SPACE ELEMENTS IN SHAPING INDOOR
ENVIRONMENT QUALITY PARAMETERS

1. INTRODUCTION

ealization of sustainability paradigm in the creation of built environ-

ment, understood as building as a functional and spatial entity, build-

ing with its’ surroundings and its’ inner spaces?, including commercial

spaces, demands the engagement of many specialists and profession-

als from the very early stages of design process. They work as partners

and co-learners2 on the projects on the basis of integrative design
teams (IDT) in the design process characterized by its’ cyclic form involving re-
peated revisiting of consecutive design phasess. This becomes a modern formula
of cooperation between participants of design process. Among these participants
the interior designers play a significant role as they may significantly influence the
enhancement of buildings’ or space systems’ performance through the reduction
of overall energy consumption and minimization of operational costs. They can do
it through their informed design decisions regarding spatial organization, proper
selection and specification of building materials and products, including questions
of minimization of usage of natural resources and the reduction of amount of em-
bodied energy (EE), methods of elements’ construction and finishing, energy and
water supply?. The reduction of negative impact on natural environment over
technical life cycle of the building and its’ spaces, including construction and
demolition wastes production and management, is yet another issue that should
be considered by the architect and interior designer.

Problems regarding the quality of indoor environment and assurance of well-
being and physio-social comfort of users is becoming recognized recently as sub-
stantial in the process of environmentally responsible interior design (ERID) and es-
sential for the creation of environmentally conscious interior> described as implying
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the interest in both sustainable and green design issues®. The consideration of spa-
tial, functional and formal design solutions in this context, is seen as a valuable
designers’ contribution to accomplishment of sustainability imperatives in terms of
endorsement of indoor environment quality. Acoustical, optical, thermal and vis-
ual characteristics of the built environment, as well as micro-climate parameters,
including such problems as, for example, the monitoring of the content of toxic
chemical substances in the inside air, may be stimulated and optimized by knowl-
edgeable design solutions proposed by architects and designers. They may be
optimized through the implementation into design process: (1) results of scientific
researches’; (2) design methods based on quantitative and qualitative simulations
of proposals discussed at the eco-charrettes; (3) design tools including the multi-
criterial environmental evaluation systems. This developed design process should
assure physiologically and psychologically healthy environment, being essential
for occupants’ comfort and satisfaction® and important from economic point of
view, in case of commercial building, the high productivity level.

2. ENVIRONMENTAL SUSTAINABILITY OF INTERIOR DESIGN

The effectiveness of implementation of sustainability paradigm into interior
design may be possible to achieve due to certain modifications applied in the
conventional design process. This modified approach to the creation of built envi-
ronment should be based on the idea of multi-aspect and comprehensive con-
textualization® of given proposals regarding the inner space, especially its’ struc-
tural as well as supplementing elements. The interior elements should not be than
created by designers in a traditional way including functional, formal, and aes-
thetic contexts, but in a more complex??, environmental context, considering in-
terconnectedness of both natural and man-made settings and predicting conse-
guences of their mutual interrelationship. The innovative and comprehensive de-
sign concept may be realized with respect to such sustainability-related issues as:
(1) the rational usage of inner space with previsions of possible future modifications
and adaptations; (2) proper resources-oriented selection and management of
building materials and products; (3) energy effectiveness realized through the
building systems enhancement and achieved with the space plan as well as
space elements concept, providing occupants with high indoor environment
quality. Carefully outlined and executed interior elements may indirectly address
the sustainability of indoor environment issue seen through its three dimensions:
economic, environmental and social.
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Multi-functionality of interior structural elements, as well as supplementing
components, along with their complex composition, are supposed to be the
mostly environmentally sustainable design imperatives!l. The structural indoor
components, as proposed in the author’s classification, comprise: (1) external walls
determined as enclosures separating the inner space from the natural environ-
ment, actively responding to changing climate conditions!2, mostly accompanied
on the inner side by various technical devices or natural finishing; (2) partitions and
space dividers of various dimensions; (3) raised floors; (4) suspended ceilings. Sup-
plementing or completing interior components include furniture, furnishings, and
equipment (FF&E) enabling the proper usage of spaces. Some architecture critics
assign to this category fixtures (light fittings), while others describe them as essential
elements for making the inner space functional and contributing to its ambience,
and therefore worth of isolation in another category?3.

The analysis of multi-functionality of interior components, claimed by the au-
thor, as crucial for their role in the creation of sustainable built environment, may
include such issues as follows: (1) construction issues, especially methods of their
execution and implementation in closed space; (2) formal integration with build-
ing construction elements; (3) materials’ and products’ selection; (4) impact of in-
terior components on building systems effectiveness; (5) indoor environment qual-
ity related to components’ structural proposals and specification of materials.

Construction issues, regarding indoor elements, refer mainly to the methods
of their assembly and fixing to other components, which may assure greater
adaptability of each element and the space as a whole. Solutions preferred, and
recognized as sustainably-conscious, in a minimal way interfere with existing struc-
tural building components. Mechanical and point fixings enable reconfiguration
of spatial organization, according to changing functional exigencies or partial re-
location of certain elements, as well as further reuse with limited demolition
wastes. Therefore environmentally responsible demand of design for change may
be realized in this way.

Formal integration of interior components with construction elements may en-
able more economic and effective spatial organization and visible reduction in
amount of used building materials and products.

Materials’ selection should be oriented on their physical and chemical prop-
erties assuring the reduction in content of harmful or toxic substances, as they have
impact on the health and well-being of the built environment users. The selection
has to be made with prediction of possible consequences of decisions made over
object’s life cycle!4. These effects, in terms of used materials, concern reuse, re-
claiming or recycling of dismantled or disassembled products, leading to the ex-
tension of materials’ life cycle and savings in natural resources.

The effect of the inner elements spatial and functional integration with build-
ing systems’ (i.e. heating, cooling, air conditioning and artificial lighting) on the
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enhancement of their effectiveness may be seen as another important interior sus-
tainability criterion. It imposes on interior designers a new approach to the re-
search- and evidence-based design process, realized in close cooperation with
traditionally involved professionals and the new ones, including building physics
specialists or “green building” consultants.

3. ENVIRONMENTAL ACTIVATION OF INNER SPACE ELEMENTS

The interior design imperatives, concentrated on the shaping of indoor envi-
ronment quality, and related building-performance improvements, require from
designers the advanced, informed and to some extent innovative approach to
the process of inner space creation. The indicated requirements, as an important
part of the sustainability paradigm in architectural design, may be possible to ac-
complish through the complex and environmental-responsibility-oriented activa-
tion of interior elements’ proposed by designers and then consequently realized.
The environmental activation of interior elements, as the author names it, may be
understood as their specific stimulation to the directed action achieved with their
location in inner spaces, formal and structural forming, and functional integration
with building components and building systems’ equipment. Among main goals
of this activation concept are: (1) passive control of indoor environment quality
parameters; (2) passive methods of gaining, redistribution of daylight and solar
thermal energy; (3) enhancement of building systems’ effectiveness. The exami-
nation of examples of indoor components, presented in this paper, indicate the
possible spatial and technical methods of execution in the areas, where interior
designers’ evidence- and research-based proposals may influence, and positively
stimulate, the interior’s quality parameters.

The analyzed cases of space components are limited to structurally and for-
mally modified external wall zones, treated as the first components of inner spaces,
separating and protecting them from the outside environment, and being prereq-
uisite for creating an effective interior’s. The examined aims and possibilities of
components’ activation are illustrated with the recently completed office interiors
mostly certified under the Leadership in Energy and Environmental Design LEED
Green Building Rating System. They have been validated in assessment category
Commercial Interiors LEED-CI established in 2004 especially for the evaluation of
sustainability of commercial interiors, including commercial offices.

3.1. Inner space elements and the regulation of thermal conditions

The thermal conditions (including inner air temperature and airflow) play
a significant role in creating satisfactory working environment. This requirement
may be assured by interior designers, in the properly conceived spatial layout, and
with location of the circulation area in a way to separate workstations from usually
fully glazed envelopes (Fig. 1.). The established thermal buffer zone may diminish
the direct exposure of occupants to solar heat gains, permitting to avoid the ne-
cessity of the usage of expensive cooling systems. Using bright colors for ceiling,
partitions and furniture finishing layers, complemented with reflective surfaces of

15 S. Raymond, R. Cunliffe, 2000, op. cit., p.121.



suspended ceilings, may com-
pensate for the possible insuffi-
cient amount of daylighting at
working areas and enable their
better luminance, as required.
With this outline, there is no need
to complete glass panes with in-
ternally mounted, manually or
electrically operated sun shading
equipment.

Therefore, properly designed
arrangements, in accordance
with  functional requirements,
may provide occupants with op-
timal thermal conditions, and ad- h
ditionally enable their constant 1 o
visual contact with outside views,
being in fact one of the valuable

Fig. 1. Location of row of individual box work-
stations in a distance from external glazed

well-being factors and indoor en-
vironment quality assessment cri-
teria.

3.2. Inner space elements
versus visual and optical

facade in order to reduce direct solar ther-
mal gains and assure equal natural lighting
at workplaces in an open space office.
NRDC, Chicago, USA, 2013, proj. Studio-
Gang Architects (fot. S. Hall), Hedrich Bless-
ing, certificate LEED-CI level Platinum.
(source: http://www.nrdc.org/cities/build-

comfort
ing/chioffic.asp,http://www.earchi-

tect.co.uk/chicago/natural-resources-de-
fence-council-office (access: 12.08.2015))

The glazed full height exter-
nal walls, commonly introduced
in the construction of building’s
envelope, are supposed to provide inner spaces, especially commercial office in-
teriors, with required amount of natural lighting. In practice, by the conventional
floor heights, only the workstations positioned along these glazed walls get a suffi-
cient amount of daylighting, whereas the workplaces located deeper in the inner
spaces remain under lighted, causing workers’ physical and psychosocial discom-
fort. In consequence, it rises dissatisfaction or fatigue, and decreases workers
productivity. These problems concerning proper daylighting distribution, along
with other results of disadvantageous daylighting conditions like glare effects or
lighting contrast at workplaces, both causing optical discomfort and eyesight’s
damaging side effects, may be diminished or avoided by different solutions. Mod-
ifications in spatial organization, installation of passive solar optical systems PSO,
and sun shading devices outside the wall, may be complemented with other tech-
nical devices installed on the inside of the building envelope. These devices par-
ticipate in: (1) redirecting incoming, direct sun lighting; (2) enabling its transmission
into deeper-situated workstation areas and balancing its distribution; (3) protect-
ing workers from glare effects occurring on desk-tops; (4) minimization of direct
sunlight penetration; (5) assuring advantageous ambient light.

The properly conceived configuration of light-shelves, (Fig. 2.) as commonly
introduced by interior designers systems of daylighting optimization, and their inte-
gration with envelopes’ construction components, may therefore be seen as
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a method of improvement in oc-
cupants’ optical comfort through
a uniform distribution of the day-
light. Additionally, it may enhance
S PCS the artificial lighting systems’ ef-
fectiveness. With introduced opti-
/ #H13. cal devices and lack of necessity
1. for introduction of other equip-
ment protecting from glare, both
direct and reflect the sunlight to-
wards the deeper parts of interi-
ors. These systems can replace
traditional vertical louvers, blinds,
fabric curtains, that obliterate
views to the outdoors. Therefore,
the optical comfort established
with a formal and structural modi-
fication of the envelope area is
accompanied by visual comfort.

-
-
.

.
-

Fig. 3. The method of the enhancement of acous-  3.3. Inner space elements and
tic insulation of inner spaces and reduction control of acoustic
of noise incoming from outside. (1. External
glazed wall supplemented with mobile ven- The improvement in acousti-
tilation opening (potential source of noise cal conditions of inner spaces,
coming into the space from outside), made by interior designers, begins
2. Acoustic absorber panels mounted di- ith the reduction of the level of

rectly to the ceiling and parallel to the excessive noise coming from out-
glazed wall, 3. Acoustic absorber’s finishing side the building (e.g. heavy traf-

layer adjusted to inner space spatial and for- . . A )
mal concept, 4. Ceiling surface finishing fic, construction, wind, sirens) to
layer adjusted to inner space spatial and for- the inside through openings in en-
mal concept) (source: author’s drawing Cclosures, especially in the spaces
based on: S.V. Szokolay, Introduction to where natural ventilation systems
Architectural Science. The Basis of Sustaina- are accompanied by manually-
ble Design, Architectural Press Oxford, 2010, electrically-operated clerestory
p. 175) windows or ventilation openings.
Different solutions applied by designers, in order to assure the enhancement of
acoustic insulation of inner spaces and elimination of distracting noise, may in-
clude a modification of the external wall structure. This goal may be achieved by
a proper placement of acoustic absorbing panels situated parallel to the building
shell, mounted beneath the ceiling and complemented with similar panels fixed
directly to the floor slabs (Fig. 3).

The elements, used as acoustic batrriers, require an additional treatment and
are characterized by highly porous sound-dissipating or limp structures, as well as
sound diffusing multi-faceted surfaces. Among materials used in inner commercial
spaces, providing an effective acoustic absorption, are wooden fiberboards tak-
ing a shape of continuous panels finished with mineral paints. They seem to be
valuable for these applications and functions. This composite waste product


http://www.usgbc.org/projects/boulder-associates-offices
http://www.usgbc.org/projects/boulder-associates-offices

of timber constructions, due to its’
hygroscopic properties, may
actively regulate relative humidity
of inner air, thus enhancing the ef-
fectiveness of air conditioning sys-
tems.

Among other products en-
hancing acoustic performance of
the building shell zone are sets of
lightweight translucent perfo-
rated membranes or polymer
foams, as composites of recycled
materials, enclosed in acoustic
fabrics and formed as point-wise
mounted “acoustic cones” or
baffles.

3.4. Inner space elements in
the indoor environment
microclimate
endorsement

Microclimate in the built en- Fig. 4. “Biological corridors” in the interior climatic
concept as a possible method of modifica-
tion in thermal comfort, through the optimi-
zation of relative air humidity and inner tem-

vironment, including office envi-
ronment analyzed in this paper, as

defined by researchers, relates to
such main characteristics as: (1)
inner air temperature; (2) air rela-
tive humidity level; (3) surface

perature. USGBC headquarters, Washing-
ton, DC, USA, architect Envision Design Per-
kins, 2007, certificate LEED-CI, level Platinum,
2009 (fot. USGBC) (source: http://www.interi-
orsandsources.com/article-details/arti-

temperature; (4) air flow; (5) in-
door air quality (IAQ) mostly af-
fecting occupant’s health and
well-being, indicating the content
of hazardous chemical sub-
stances present in the inner air as the result of their evaporation from introduced
products and building materials, as well as furnishings, finishes and equipment
(FF&E).

Interior designers, responsible for creating healthy environment, are obliged
to make knowledgeable decisions in predictions of their results implicating the us-
ers’ satisfaction and well-being. Microclimate parameters, shaped by designers,
are strictly connected to their design solutions including; (1) overall outline of
spaces, realized in the context to building orientation and related to the spaces’
sun exposure; (2) zoning of spaces in accordance to the functional exigencies and
technology; (3) finishes of interior structural components, and furnishings specifica-
tion with focus on the reduction in amount of contained pollutants, as well as the
elimination of off-gas noxious or toxic vapors being potentially carcinogenic sub-
stances; (4) enhancement of ventilation and air conditioning systems with conse-
guent and vast implementation of plants into spaces playing a complex role of

cleid/5331/title/u-s-green-building-council-
headquarters-washington-d-c-.aspx (access:
02.12.2016)).
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airborne chemicals filters, carbon dioxide absorbers and source of oxygen re-
leased in the daytime into the inner space, and elements decreasing the inner
temperature.

The proposal by Envision Design Perkins made for USGBC headquarters in
Washington, DC, with unusual concept of workstations away from the glazed
building’s shell, enables the optimization of inner air humidity and the control of air
temperature, as well as the reduction in the negative effect of glare appearance
and heat gains on working surfaces. The “biological corridors” (Fig.4.) developed
between the external glazed walls and the row of box workstations comple-
mented with plants, may be seen as designers’ solution affecting the open space
microclimate through a properly conceived office layout, and experienced in the
minor-scale plant climate actively participating in the adjustment of the parame-
ters of indoor environment quality.

4. CONCLUSION

The interior design environmental responsibility issues, as it has been referred
to by many architecture critics and theorists, are still beyond interest of many inte-
rior designers, traditionally focused on aesthetic and functional aspects of created
spacesl®. As there is an increasing recognition of environmentally sustainable inte-
rior design?’, with regard to the estimation of impacts of interrelationship of natural
and artificial environments, the designers have to modify their methodology and
perspectives, in order to comply with the sustainability paradigm. This means
a more comprehensive approach to design problems, including the creation of
psychologically and physically healthy man-made environment through the opti-
mization of indoor environment quality with the reduction in hegative impact on
natural environment, as well as the increase in energy effectiveness. As it was pre-
sented in this paper, these listed postulates may be realized by interior designers
through the cautious selection of building materials, rationally developed and
adaptable space layout in conformity with the present and prevision of possible
future functions. The concepts of widely explored inner space components, multi-
functionality and their multi-faceted environmental activation analyzed in this pa-
per, seem to be substantial in view of provision of occupants with high perfor-
mance of offices, natural environment-friendly and healthy indoor environment,
as well as innovative methods in terms of searching for formal and functional
integrity of evidence- and research-based inner spaces.
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THE INNER SPACE ELEMENTS IN SHAPING OF INDOOR ENVIRONMENT
QUALITY PARAMETERS

SUMMARY. This paper discusses problems of optimization of indoor environment quality pa-
rameters and possible methods undertaken by architects and designers in order to improve
users’ comfort. It is based on the analysis of recently completed commercial spaces includ-
ing offices fulfilling sustainable design imperatives and implementing into design process new
design tool, multi-criterial environmental evaluation being a parametric method of sustaina-
bility verification of architectural objects. The analysis addresses these components of the
built environment, which passively enhance performance of building’s systems and may op-
timize the indoor environment quality parameters, including inner air quality, and provide
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occupants with expected psychological and physiological comforts combining such char-
acteristics as thermal, visual, optical and acoustical. Evaluation of chosen examples of re-
cently completed commercial office interiors and certified with leading rating systems, re-
garding their conformity with sustainability postulates, is based on the analysis of one of their
structural components — external walls, as may be understood, separating spaces from nat-
ural environment. Assessment of external walls made by the author combines such criteria
as structure and integration with building construction elements, technical and technologi-
cal solutions, selection of building materials and primary, as well as supplementary functions
of these interior components. The analysis indicates that properly conceived and modern-
ized external wall area (treated as an inner space component), may have substantial effect
on the meeting sustainability imperatives in terms of ecology, energy and shaping the indoor
environment quality parameters as being mostly valuable from point of view the users of
these spaces.

Key words: indoor environment quality, inner space elements, environmentally responsible
interior design



