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1. INTRODUCTION

The global climate change crisis and current state of energy 
depletion are core issues in the construction industry and have 
placed urgent focus on sustainability (UNEP, 2018). To resolve 
these issues, customized architectural design strategies are 

required to minimize greenhouse gas emissions by reducing 
energy consumption. Such strategies must be developed based 
on the characteristics of specific building types and space 
programming requirements.

Scientific research laboratories are energy intensive facilities 
and require high construction costs. A variety of equipment, 
including ventilators for various experiments, air-conditioning 
equipment for establishing the optimal research environment, 
refrigerators, and freezers are installed in these labs. Thus, the 
energy consumption per unit area of research and testing labs 
is five to ten times higher than that of ordinary office buildings 
(Sartor et al., 2000). Additionally, the cost of mechanical, 
electrical, and plumbing (MEP) equipment in lab-type buildings 
account for as much as 50% of the total construction costs, 
whereas the corresponding cost is 20-25% for an office building 
(Crosbie, 2004).

Developing design strategies for energy-efficient research 
labs, in which diverse types of equipment are concentrated, 
is important. If the energy consumption used in labs can 
be reduced by applying passive environment controls, the 
carbon footprint can be reduced to alleviate global warming. 
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Additionally, more economical equipment management and 
maintenance are required to reduce the energy costs associated 
with equipment operation. Furthermore, construction cost 
savings and energy-efficient research facility can be achieved by 
designing appropriately sized MEP systems.

The reminder of this paper is organized as follows. Section 
2 presents the literature review on the main characteristics 
of laboratory spaces including space zoning, space zoning 
types. Moreover, three research questions are presented after 
investigating passive façade designs to create laborartory specific 
work environment by controlling the external environment 
(e.g., light, air, and heat) to reduce the heating and cooling 
load. Sections 3 and 4 explain the research methods and case 
studies, respectively. Finally, section 5 presents the discussions 
and conclusions, followed by limitations and future studies in 
section 6. 

Therefore, the goal of this paper is to present case studies of 
green laboratories that have utilized space zoning and passive 
façade design strategies by analyzing the correlation between 
the building facade and laboratory spaces. This study can assist 
designers and related stakeholders interested in developing 
green laboratories by providing insights on space zoning and 
passive facade designing from the preliminary design phase.

2. BACKGROUND

2.1 Space Zoning in Laboratory Facilities
Space zoning, which is a space programming activity, involves 

grouping the related spaces based on their spatial characteristics 
and functional requirements. It is one of the passive building 
design strategies to maximizing energy savings when their 
zoning and configuration are integrated with other sustainable 
design strategies for daylighting, cooling, and heating (NY, 1999; 
WBDG, 2018). Every decision made during the programming 
phase influences the space occupied by the laboratory building 
(physical efficiency) and the amount of energy consumed by 
it (operational efficiency). The more efficient a laboratory is 
and the fewer resources it uses during its operation, the more 
sustainable it becomes. It is possible to create a low-impact 
design through careful and well-considered decisions during 
the space zoning process. A compact floor plan is efficient, 
therefore, the more compact a floor plan is, the shorter are 
the duct and utility lines. Shorter ducts also reduce the duct 
depth and consequently reduce the floor-to-floor height of the 
building. 

Because the laboratory and its support spaces are energy 
intensive facilities, the sizing and arrangement of the laboratory, 
laboratory support spaces, offices, and other programs can affect 
the energy and space efficiency planning of the project. Previous 
studies have identified the space zoning strategies in laboratory 
facilities. KlingStubbins (2010) suggested the separation of office 
and lab with concentration of MEP services in the lab, while 
enabling operable windows according to user’s thermal and 
visual comfort. Accordingly, Watch (2016) proposed dividing 
the lab and non-lab areas to optimize the energy performance by 
using re-circulated and less stringent temperature and humidity 

controls in the non-lab areas such as offices, atrium, meeting 
rooms, and other supporting areas. Similarly, Grömling (2005) 
suggested separating buildings, office buildings with standard 
building services, and well-equipped laboratory wings as an 
alternate strategy for achieving optimal energy performance. 
The author pointed out that this could hinder social interaction 
and teamwork. On the other hand, Griffin (2005) suggested that 
an internal courtyard between the building wings could provide 
a buffer zone for reducing the heating and cooling load and 
function as a communication and community space for building 
users. At this point, the investigation of space zoning strategies 
based on the completed case studies is necessary to verify the 
design process from the context of an individual project.

2.2 Space Zoning Types in Laboratory Facilities
By investigating numerous publications describing space 

planning of the laboratory facilities (Dahan, 2000; Mayer, 
1995; Grömling, 2005; KlingStubbins, 2010; DiBeradinis et al., 
2013; Watch, 2016), this study identified and summarized 
three major laboratory space zoning types, as shown in Figure 
1-6. They are mainly classified according to the location of the 
corridor. Because the distance between the laboratories and 
offices has a significant impact on the layout of the research 
buildings, the corridor allows the convenient distribution and 
assignment of allotted space and provides a circulation area for 
building users.

The first zoning type is a single corridor concept, which has 
advantages over other schemes with regard to flexibility. Office 
and laboratory space can be separated by a corridor (Figure 
1, Type 1A; Figure 2, Type 1B) or both space groups can be 
repeated across the corridor (Figure 3, Type 1C). The laboratory 
support space can be arranged next to the laboratory they serve 
along the corridor to yield daylight and views to the laboratory 
and office area (Figures 1 & 3). To maximize the daylight and 
views, the office space can be located facing south and the 
laboratory and laboratory support space can be located across 
the corridor facing north (Figures 1 & 2). The single corridor 
option is generally considered more efficient, as it encourages 

Figure 1. Single corridor with distinct zones for open labs, lab support, and a 
single office layer; Type 1A 

Figure 2. Single corridor with labs and lab support arranged alternatively and 
expanding horizontally with a single office layer; Type 1B
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interaction by providing a single path for people to move along 
the floor in the building (Watch, 2016).

The second zoning type is a double corridor or racetrack 
concept, which is ideal when the proportion of laboratory 
support space is large. Because staff does not work constantly 
in the laboratory support space, it can be placed at the core of 
the building. The office space across the corridor provide access 
to exterior views and daylight along the exterior window walls 
(Figure 4, Type 2A). Figure 5 or Type 2B shows a utilitarian 
method of space zoning. It suggests distinct zones according 
to specific functions. It has a large open laboratory, laboratory 
support zones surrounded by a corridor, and an office zone 
facing south. 

 

Figure 4. Double corridor scheme with lab support at the center; Type 2A

Figure 5. Double corridor scheme with distinct zones for specific functions; Type 2B

The last zoning type is a service corridor based concept, where 
the service corridor is adjacent to the lab and provides additional 
space for service provisions and storage of equipment and 
instrument (Figure 6). In addition, it can facilitate horizontal 
movement of supplies, equipment, and waste to avoid conflict 
between public and staff circulation. 

Figure 6. Service corridor scheme; Type 3

The typical laboratory space zoning types presented above are 
mainly based on the functional requirements, and variations can 
be introduced according to the context and its requirements. 
The purpose of this study is to investigate how they can be 
modified according to the context and explore the types of 
new configurations that are available for energy efficient space 
zoning.

2.3 Passive Façade Strategies of Laboratory Facility
In addition to adopting active design systems and renewable 

energy production systems, we must implement passive design 
approaches using basic architectural design elements such as 
building orientation and layout, space zoning, and exterior 
façade systems to optimize energy consumption associated 
with heating and cooling loads from the schematic design phase 
(DeKay, 2014; Hosey, 2012; Lee et al., 2015). Building façades 
play a fundamental role in balancing the positive and negative 
impacts of exterior elements (e.g., daylight, heat, and air) and 
maintaining visual and thermal comfort. This study identified 
and summarized passive façade design considerations to 
provide an optimized indoor work environment for laboratory 
facility users in terms of 1) daylighting and views, 2) natural 
ventilation, and 3) window to wall ratio (WWR) considering 
previous studies.

1) Daylight and Views: Properly designed daylighting has 
several advantages, such as reduction in the usage of artificial 
lighting leading to reduced energy consumption and improved 
productivity of the building occupants. Daylighting can also 
promote creativity in researchers and enhance their productivity 
(Dahan, 2000). In addition, occupants can appreciate the 
psychological benefits of proper daylighting, which can dispel 
the sense of isolation and provide a sense of liberation (Dahan, 
2000). However, excessive heat and glare from daylighting may 
undermine the internal comfort and negatively affect the results 
of research experiments (Griffin, 2005). Therefore, proper use 
of external and internal shading devices of building façades 
to maximize the benefits of daylighting and solar gain while 
minimizing the negative effects resulting from glare, fading, and 
excessive heating and cooling is critical. 

2) Natural Ventilation: In most laboratories, windows are not 
acceptable means of ventilation because the air pressure inside 
laboratories must be precisely maintained such that it does not 
affect the results of experiments (Dahan, 2000). Therefore, fixed 
pane windows are recommended for laboratories with specific 
airflow and temperature requirements. On the other hand, 
personal offices, conference rooms, libraries, and other non-
experimental spaces can utilize natural ventilation instead of 
depending entirely on mechanical ventilation (Griffin, 2005; 
Grömling,2005; Watch, 2008; KlingStubbins, 2010). 

3) WWR: The WWR is an important indicator because the 
window area has a significant impact on the heating and cooling 
loads of building, and the lighting demand. It also influences 
daylight access, ventilation, and views. Façades can be designed 
using a higher ratio than that recommended in construction 
codes or standards using high-performance glazing systems 
with interior and exterior shading strategies (KlingStubbins, 

Figure 3 Single corridor with labs, lab support, and office as a horizontally 
expanding module; Type 1C
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2010). 
As mentioned in the literature review, there are extensive 

studies on laboratory space characteristics and space zoning 
types, and passive façade systems. However, there are few studies 
systematically exploring the relationship between space zoning 
and passive façade design, reflecting the project requirements 
and site characteristics. Therefore, the following research 
questions were formulated before starting green laboratory case 
studies:
1. Are there specific space zoning patterns within buildings 

for laboratory areas, lab support spaces, and office areas to 
effectively reduce energy consumption?

2. Are there any passive façade design strategies considering 
energy efficiency and indoor environmental comfort in 
relation to space zoning?

3. Are there any case studies that creatively integrate building 
elements reflecting the site context and requirements apart 
from typical space zoning types and façade designs?

3. METHOD 

A case study based research method was selected because it 
presents a comprehensive, in-depth analysis of the strategies 
adopted for designing and constructing green laboratory 
facilities (Yin, 2018). The case study based research method 
has several advantages: 1) it provides extensive and meaningful 
information by studying a research phenomenon through 
various data sources, 2) it provides appropriate research design 
methods by enabling various purposes such as exploratory, 
explanatory, technical, and evaluative researches, 3) it is relevant 
to all participants in the design process, as it seeks to understand 
the research phenomenon and context in an integrated manner. 
Because there is such a high level of relevance involved, 
researchers are able to stay active in the data collection process, 
4) finally, the case studies allow the readers to easily understand 
and grasp the problems more clearly. Although the case study 
focuses on a specific case, it is not easy to generalize the results 
of the study, and there may be limitations related to checking 
the validity and reliability of the results. However, this study 
method is widely accepted in the social science because it helps 
to understand the specific phenomenon and context in an 
integrated and detailed manner.

In this study, architectural programming was investigated 
to determine the spatial adjacency and separation of labs, lab 
support spaces, offices, and circulation corridors. In addition, 
facade design strategies to minimize heating and cooling loads 
were investigated. Case studies were collected from Leadership 
in Energy and Environment Design (LEED) certified projects 
and administered by a third party Green Building Certification 
Institute (GBCI) and American Institute of Architects (AIA) 
Committee on the Environment (COTE) Top Ten Projects 
that demon-strated high-performance green design strategies, 
as shown in Table 1. LEED is one of the widely accepted 
green building rating systems to evaluate the qualitative and 
quantitative measures for achieving sustainability of a building. It 

has four levels (certified, silver, gold, and platinum) determined 
by the points earned by the project. It has contributed to market 
transformation and propagated green building movement 
across the society to call for urgent actions to address the global 
environmental crisis (Kubba, 2017). In addition, the AIA COTE 
Top 10 design competition plays the role of complementing 
the limitations of the certification system, which is determined 
by a score, and evaluates case studies based on whether an 
integrated design process is implemented considering specific 
requirements or context (Kim & Lee, 2017).

Table 1. List of Case Studies

No. Project Name Location

1 Northeastern Interdisciplinary Science and 
Engineering Complex (ISEC) Boston, MA

2 J. Craig Venture Institute La Jolla, CA
3 Collaborative Life Sciences Building Portland, OR
4 Biosciences Research Building Galway, Ireland

5 Georgia Tech Engineered Biosystems 
Building (EBB) Atlanta, GA

6 New Orleans BioInnovation Center New Orleans, LA

7 Rice Univ. Bioscience Research 
Collaborative (BRC) Houston, TX

8 Univ. Maryland Baltimore Health Sciences 
Research Facility III Baltimore, MD

9 Gary C. Comer Geochemistry Building Palisades, NY

Each project is presented with the basic building information 
(building photograph and information related to its ① location, 
② year of completion, ③ total area in gross square feet (GSF), 
④ disciplines included in the science department, ⑤ energy 
use intensity (EUI), obtained by dividing the annual energy use 
per year by the building gross area in square feet (SF), and ⑥ 

green building certification status). Further, the project context; 
space zoning strategies, and passive facade design strategies are 
explained through descriptions and representative diagrams, 
drawings, and photographs. Missing information is denoted by 
NA (not available).

The following section presents the case studies examined in 
this research. Section 5 discusses the findings and conclusions 
obtained from the comparisons of the case studies, followed by 
discussions on the limitations of the study along with the plan 
for further research in this area in section 6.

4. CASE STUDY

4.1 Northeastern ISEC
① Boston, MA / United States
② 2016
③ 234,000 GSF
④   Bioengineering, Genomics, 

Computational Metabolomics,  
Biology, Teaching labs

⑤ EUI: 91 kBtu/SF/yr
⑥   LEED Gold / AIA COTE 2019 Award

Figure 7. Project photo and statistics. (source: www.arup.com)
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1) Project Context: This building houses four interdisci-
plinary academic research departments ranging from 
engineering, health sciences, basic sciences, and computer 
sciences constituted to perform collaborative research and 
stimulate scientific discovery. The facility is constructed on 
a brownfield site replacing the existing surface parking lot 
and connected to the existing Northeastern University urban 
campus through an accessible landscape and pedestrian 
bridge above the Massachusetts Bay Transportation Authority 
lines.

2) Space Zoning Strategies: This building comprises a south-facing 
office wing with low energy requirements and a laboratory 
wing facing north requiring a high energy and lab support 
facilities. An internal atrium filled with natural daylight from the 
skylight is located in between these areas to provide a protected 
and controlled indoor environment and a communal and 
collaborative space. It is interesting to note that the lab support 
facility faces north and the lab and write-up space faces south 
to utilize the daylight penetrating from the south across the 
atrium. A researcher can move from the write-up space to the lab 
space without a navigating corridor, thus ensuring convenient 
movement. Moreover, the main office area is located in the south 
wing with the atrium in between. Therefore, zoning strategy in 
this case study can be classified as a modified 1A space zoning 
type with an internal atrium. 

   

Figure 8. Floor plan and the concept of high and low energy programs.  
(source: www.payette.com)

3) Passive Facade Design Strategies: The office wings facing 
the south, east, and west are equipped with exterior vertical 
louvers to protect them against overheating and glare and 
full glazing to maximize the advantages of daylighting. The 
laboratory wings facing the east and west are designed with 
minimized glazing areas to reduce the solar heat gain during 
sunset and sunrise. The laboratory wing facing the north 
is designed with only the necessary amount of glazing for 
daylighting and views. However, the south laboratory wing 
façade next to the atrium is constructed with a full glazing 

system to maximize daylighting from the atrium top.

4.2 J. Craig Venter Institute

① La Jolla, CA / United States
② 2013
③ 44,607 GSF
④   Biology, Genomics  
⑤ EUI: 74 kBtu/SF/yr
⑥   LEED Platinum / AIA COTE 2016 Award

Figure 10. Project photo (view of the courtyard) and statistics.  
(source: www.jcvi.org)

1) Project Context:  This facility is a not-for-profit re-
search institute with a vision for biological research and 
development activities ranging from genomics medicine, 
infectious disease, environmental genomics, biological 
energy, and bioinformatics. The founder is also committed 
to environmental stewardship and to build one of the first 
netzero research facilities and carbon neutral laboratory on 
the campus of the University of California, San Diego.

2) Space Zoning Strategies: This project comprises an office 
wing with low energy requirement in the north and a 
laboratory wing with high energy requirement for the labs 
and lab supports facing south. Outdoor courtyards are located 
in between the labs and offices to provide a collaborative 
and relaxing space for the building users. The office wing 
facade provides daylighting and natural ventilation for all 
the facades. Laboratories and lab support spaces are located 
alternatively facing the south with a sloped photovoltaic (PV) 
module roof structure above to minimize cooling load and 
maximize electricity production. This zoning strategy can be 
classified as modified Space Zoning Type 1B with an outdoor 
courtyard. 

   

Figure 11. Level 1 and Level 2 floor plans of the office wing at the north and lab 
wing at the south. (source: www.jcvi.org)

3) Passive Facade Design Strategies: The sloped PV roof 
above the laboratory wing faces south to minimize the 
cooling load. The extended portion of the roof provides 
shade and protects the lab wing from overheating by direct 
sunlight exposure. On the other hand, the office wing has a 
maximized glazing area at the south and partial glazing at 
the north façade to enable natural ventilation. The west end 
contains a rest area with a scenic view of the Pacific Ocean. 
Both wings have different heights with different program 
requirements. The office wing has low ceilings, whereas the 
lab space has high ceilings to accommodate mechanical 
equipment, and the interstitial space is intended for rooftop 

   

Figure 9. Building section showing cascading air system at the internal atrium 
and south facing sunscreen details. (source: www.payette.com)
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equipment installation and integrated with the sloped PV 
roof above. 

   

Figure 12. Building section drawing and diagram indicating integrated design 
using sloped PV roof system  (source: www.jcvi.org)

4.3 Collaborative Life Sciences Building
① Portland, OR / United States
② 2014
③ 650,000 GSF
④   Clinical simulation, Dental Clinic, Research 

lab, Teaching labs
⑤ EUI: 110 kBtu/SF/yr
⑥   LEED Platinum / AIA COTE 2015 Award

Figure 13. Project photo (view from the northwest corner) and statistics. (source: 
http://www.aiatopten.org/node/446)

1) Project Context: Three universities (Oregon Health & Science 
Univ., Oregon State Univ., and Portland State Univ.) partnered 
to construct the Collaborative Life Sciences Building on a 
brownfield site to perform allied healthcare and, academic 
research activities. The goal of this institute is promoting 
interdisciplinary health science education and research 
through sustainable design solutions such as using green 
roof, an indoor atrium for heat recovery and daylighting, and 
exterior shading devices for the high-performance research 
facility.

2) Space Zoning Strategies: Site analysis contributed to the 
design decisions regarding the building size and orientation. 
The north research lab wing contains aggregated research 
labs and lab support to provide a flexible layout with the 
clustered office area facing the east. The public corridor 
located to the south helps to utilize daylighting and functions 
as a thermal corridor. On the other hand, the core area is 
located on the west to avoid the negative impact of direct 
afternoon sunlight. The central atrium is mainly used as a 
student lecture hall, community space for building users 
(faculties, students, researchers, and patients), and to provide 
circulation by connecting the south and north wings. 
Therefore, the zoning strategy used in this highrise laboratory 
tower is classified as modified 1A space zoning type with an 

internal atrium.
3) Passive Facade Design Strategies: The design team employed 

perforated metal sunscreens attached to window mullions 
to minimize the negative impacts of direct sunlight, while 
keeping the glazing levels required for access to views and 
daylight. The team conducted detailed studies on multiple 
facade schemes using energy modeling to determine energy 
performance of various schemes and their impact on shading 
and access to views, along with their potential for cross 
ventilation and solar access.

  

Figure 15. Perforated metal panel attached above view area and building cross-
section of 5-story clinical/patient wing, central atrium, and 12-story research 

lab wing. (source: http://www.aiatopten.org/node/446)

4.4 Biosciences Research Building
① Galway / Ireland
② 2013
③ 86,112 GSF
④   Cancer, regenerative medicine, chemical 

biology labs
⑤ EUI: 147 kBtu/SF/yr
⑥ AIA COTE 2016 Award

Figure 16. Project photo (view from the southwest corner) and statistics.  
(source: www.payette.com)

1) Project Context: The Biosciences Research Building (BRB) 
of National University of Ireland, Galway, is dedicated to 
research on cancer, regenerative medicine, and chemical 
biology to support biomedical and pharmaceutical industries 
in creating new employment opportunities. The institute 
also constructed one of the most energy-efficient research 
facilities in the world on a tight budget from the conceptual 
planning stage.

2) Space Zoning Strategies: The building mass has a linear 
rectangular shape facing southwest, parallel to the existing 
road. The drawback resulting from partially facing west 
overcome using a circulation corridor as a thermally buffered 
zone to enable natural ventilation and introduce natural 
daylight and views, even in the lab space. The labs and lab 
support areas requiring high energy are located in the middle, 
and the office area requiring low energy is located along 
the perimeter. Therefore, this zoning strategy is classified as 

       

Figure 14. Site Analysis and Floor Plan Indicating Thermal Corridor locating 
South. (source: http://www.aiatopten.org/node/446)

   

Figure 17. Thermal corridor and typical floor plan indicating high-energy labs 
and lab support and low-energy offices along the thermal corridor  

(source: www.payette.com)
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modified 1A space zoning type with the lab area surrounded 
by daylight-filled corridors and office areas. 

3) Passive Facade Design Strategies: The north façade is 
designed with glazing only where necessary. On the other 
hand, the south facing facade is fully glazed with a wood 
lattice within the glazing units and the natural ventilation 
system. The corridor behind the south facing facade works 
as the thermally buffered zone. This strategy allowed natural 
ventilation in 45 percent of the building, with 80 percent of 
the occupied spaces filled with daylight, and 100 percent of 
the occupied spaces obtaining access to exterior views.

   

Figure 18. Building elevation facing north and southwest and building section 
indicating daylighting and natural ventilation. (source: www.payette.com)

4.5 Georgia Tech Engineered Biosystems Building
① Atlanta, GA / United States
② 2013
③ 212,466 GSF
④   Chemical Biology, Cell Biology, Systems 

Biology, Engineering Dept.
⑤ EUI: 136 kBtu/SF/yr
⑥   LEED Platinum /AIA COTE 2018 Award

Figure 19. Project photo (view from the northeast corner) and statistics.  
(source: www.lakeflato.com)

1) Project Context: By locating both the College of Sciences and 
the College of Engineering within a single facility, Georgia 
Tech encourages interaction and collaboration within 
academic community comprising faculty members and 
students. With Eco-Commons in mind, one of the master 
plans of the University is to reduce stormwater runoff by fifty 
percent reduction. The project team suggested a compact 
six-story building and minimized the building footprint to 
control stormwater runoff around the building. 

2) Space Zoning Strategies: This university-level research 
building is designed as an L-shaped structure with a vertically 
scaled narrow form utilizing daylighting and views to 
maximize energy savings and comfort. The main facade 
faces north along the existing street pattern rather than 
facing south along the existing parking garage service yard in 
between. Departing from the traditional layered laboratory 
layout, this facility has distinct zones for lab support spaces, 

laboratories, and office areas, separated by corridors. 
Therefore, this zoning strategy can be classified as a modified 
2B space zoning type with office areas located at the east end 
and north.

3) Passive Facade Design Strategies: The lab space facing west 
employs translucent glass light shelves and perforated metal 
panels to limit heat gain during summer, while maintaining 
daylight and offering views from the interior. Daylight at the 
north-facing lab penetrates through an open office space 
through transparent partitions across the corridor. The west- 
and south-facing windows in the lab support area are minimal 
tiny slits in the brick facade. On the other hand, the clustered 
office zone located on the east end is designed similar to the 
west-facing lab to control glare and overheating. Further, the 
office area at the north utilizes maximum daylighting with 
views through a curtain wall windows and without additional 
exterior shading devices.

Figure 21. East, west, and north building elevations. (source: www.lakeflato.com)

4.6 New Orleans BioInnovation Center
① New Orleans, LA / United Sates
② 2011
③ 63,989 GSF
④ Laboratory, Office
⑤ EUI: 119 kBtu/SF/yr
⑥   LEED Gold /AIA COTE 2015 Award

Figure 22. Project photos and statistics. (source: neworleansbio.com)

1) Project Context: Located in downtown New Orleans, this 
non-profit research facility aims to provide bio-technology 
startup spaces and boost local employment and industries. 
The facility comprises historic French Quarter traditional 
architectural elements such as a landscaped courtyard with 
water feature, sheltered porch, and slatted shutters.

2) Space Zoning Strategies: This is an L-shaped building with 
a protected courtyard, built according to the local French 
style. The vertically scaled narrow form utilizes daylighting 
and views to maximize energy savings and comfort for the 
building users. The south-facing building mass contains an 

   

Figure 20. Development floor plan process and daylighting analysis.  
(source: www.lakeflato.com)

  

Figure 23. Typical floor plan and sun movement simulation. (source: neworleansbio.com)
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office area, conference rooms, and balconies, and the western 
part is designed for housing labs and lab support space. 
Therefore, this zoning strategy can be classified as modified 
1A space zoning type with the office area facing the street in 
the south and the courtyard in the north.

3) Passive Facade Design Strategies: The south facade with 
intensively installed horizontal louvers is 62% glazed but has 
the summer solar heat gain of a building with 18% glazing. 
The glazing area of the west facade consists of narrow vertical 
openings to introduce only the necessary daylight and views 
to the labs and to decrease the energy load due to the local 
climate, which is hot and humid.

  

Figure 24. Building section of lab space and sun screen of south facade.  
(source: neworleansbio.com)

4.7 Rice Univ. Bioscience Research Collaborative
① Houston, TX / United States
② 2009
③ 477,000 GSF
④   Microscopy Lab, Vivarium, Lecture Hall, 

Classrooms
⑤ EUI: NA
⑥ LEED Gold 

Figure 25. Project photo (lab space) and statistics. (source: https://www.som.com)

1) Project Context: This project was executed strategically by 
merging two institutions into one, namely Rice University 
and the Texas Medical Center to boost innovation in research 
and education. This facility is also intended to provide an 
interdisciplinary research hub where scientists and educators 
can collaborate and facilitate discoveries in bioscience and 
technology in adjoining elliptical volumes designed for 
intellectual and social exchanges among building users 
through open staircases and double-height lounges.

2) Space Zoning Strategies: The main rectangular building is a 
10-story highrise tower facing southeast following the existing 
street pattern. It has distinct layered zones comprising the 
lab, lab support, and office areas separated by two corridors. 
Therefore, the zoning strategy used in this facility can be 
classified as the 2B space zoning type in a high-rise building.

3) Passive Facade Design Strategies: The facade of the lab area 
provides no exterior shading. Instead, it is designed with 
narrow and vertical slits in the brick facade to minimize 
the cooling load due to the local climate conditions. The 
lab support area is located between the lab and office areas 
without exterior walls. The office area facing northwest is 
fully glazed with internal roller shades to control glare and 
heat. The elliptical collaboration tower features deep exterior 
vertical and horizontal extrusions for both aesthetic and 
shading purposes.

  

Figure 27. Project photo (view from the main street) and section perspective. 
(source: https://www.som.com)

4.8 Univ. Maryland Baltimore Health Sciences Research 
Facility III

① Baltimore, MD / United States
② 2018
③ 419,500 GSF
④   5-Story Dry Lab, 12-Story Wet Lab, 

Offices, Vivarium, Teaching Lab, MRI 
Facility, Collaboration Spaces

⑤ EUI: 160 kBtu/SF/yr
⑥ LEED Gold 

Figure 28. Project photo (view from the southwest corner) and statistics . 
(source: https://www.hok.com)

1) Project Context: The mission of the new research building 
constructed by the School of Medicine is to lead one of the 
top biomedical research in genome sciences, and personalized 
and genomic medicine. It also houses the Center for 
Epigenetic Research in Child Health and Brain development. 
The facility is the largest building of the University and 
conducts life-saving research to create industry-related job 
opportunities for the local community.

2) Space Zoning Strategies: This building comprises a twelve-
story wet lab, five-story dry lab, and an entry atrium in 
between. The atrium acts as a circulation space connected 
by bridges, the main entry of the building, and a thermally 
buffered zone filled with daylight. The 12-story building has 
distinct layers housing the laboratory, lab support, and office 
areas separated by corridors. Therefore, the zoning strategy of 

  

Figure 26. Site plan and typical floor plan(source: https://www.som.com)

  

Figure 29. Typical floor plan and building section from the atrium. 
(source: https://www.hok.com)
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this facility can be classified as 2B space zoning type with an 
atrium between two building complexes.

3) Passive Facade Design Strategies: The south-facing facade is 
fully glazed to admit daylight and offer views. The east and 
west facades are designed with narrow vertical slits in the 
exterior brick walls to lower the WWR. Social interaction 
spaces such as lecture rooms, and conference rooms located 
at the southeast and southwest corners and at the center of the 
laboratory are designed with full glazing to introduce daylight 
and provide views.

  

Figure 30. Main entry and interior view of atrium. (source: https://www.hok.com)

4.9 Gary C. Comer Geochemistry Building
① Palisades, NY / United States
② 2009
③ 70,000 GSF
④ Geochemistry
⑤ EUI: 278 kBtu/SF/yr
⑥ LEED Silver 

Figure 31. Project photo (view from the northeast corner) and  statistics.  
(source: www.payette.com)

1) Project Context: This building is designed and con-
structed for specialized geochemistry research in Co-
lumbia University. The research facility is built on an existing 
parking lot site based on the recommendation of the campus 
master plan to minimize land disturbance. Further, gabion 
foundation walls are constructed to recall nearby rock 
outcroppings.

2) Space Zoning Strategies: Owing to the different energy and 
ceiling height requirements, the office and laboratory spaces 
are combined in a skip-stop arrangement, with a south-facing 
three-story wing of offices (10 feet in height) and north-
facing two-story wing of laboratories (15 feet in height). 
The lab side has complex technical requirements with deep 
interstitial spaces above the ceiling; the office side is equipped 
with operable windows and individually controlled heating 
and cooling systems. Between the two wings, the atrium, 
conference rooms, and building service core are located 

and separated by layers of circulation corridors. Therefore, 
the zoning strategy used in this facility can be classified as 
modified 2B space zoning type with an atrium in between.

3) Passive Facade Design Strategies: The exterior and interior 
shading devices are not visible. Instead, the project team 
provided full height glazing for the lab and office areas. The 
individual offices are equipped with operable casement 
windows to enable natural ventilation.

  

Figure 33. Section drawings indicating skip-stop strategy and social space. 
(source: www.payette.com)

5. DISCUSSION AND CONCLUSIONS

5.1 Laboratory Space Zoning Strategies
It is not difficult to find the modified and reversed space 

zoning strategies employed in the cases to maximize reduction 
of heating and cooling load and make adjustments according to 
the site context. Three findings can be summarized as described 
below.

First, modifications of typical space zoning strategies 
according to the site context were identified (Cases 1, 4, 6, and 9). 
Case 1 comprises two masses with an atrium in between them. 
The south wing has office zones and north wing has laboratory 
units. It is interesting to note that lab support faces north and 
lab and write-up space faces south to utilize the daylight from 
the south across the atrium. A researcher can move from the 
write-up space to the lab space without navigating corridor, 
thus ensuring convenient movement. Case 6 also has south 
facing office zones and labs with lab support facing west for 
minimum WWR. The L-shaped building configuration was 
designed to form an open space behind the building. Case 6 
adopted the Type 1A scheme and showed an L-shaped building 
configuration. Case 9 adopted the Type 2B scheme, where the 
labs faced north and office zones faced south, and the labs and 
lab supports were arranged horizontally as a single module.

Second, reversion of the typical space zoning strategies was 
applied and utilized (Cases 2 and 5). Case 2 adopted reversed 
Type 1A to maximize the electricity production by employing 
a sloped PV module structure to pursue net-zero energy goals. 
Case 5 reconfigured the layer of lab components because the 
main façade faces north and the loading dock and parking space 
are placed in the south next to the neighboring building. Instead 
of utilizing the benefits of south facing structures, extensive 
shading devices were applied in the east and west ends and the 
north view was maximized and access to the view was extended 
further into the building.

Third, Cases 3, 7, and 8 suggest a highrise type laboratory 
facility. Owing to limited flexibility in the horizontal direction, 

  

Figure 32. Site plan and 2nd floor plan indicating lab and office division.  
(source: www.payette.com)
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Table 2. Characteristics of Space Zoning and Passive Façade Strategies of Nine Case Studies

Case Studies 
Parameters Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9

1. Project Information and Context

Project 
Info.

Site Plan

Project 
Name

Northeastern
ISEC

J. Craig Venter 
Institute

Collaborative 
Life Science 

Building

Biosciences 
Research 
Building

Georgia Tech
EBB

New Orleans 
BioInnovation 

Center

Rice Univ.
BRC

Univ. Maryland
HSR III

Gary C. Comer 
Geochemistry 

Building
Bldg Scale Mid-rise Low-rise High-rise Low-rise Mid-rise Low-rise High-rise High-rise Low-rise

Context

Client Type Univ. Non-profit Universities Univ. Univ. Non-profit Universities Univ. Univ.

Architect Payette 
Associates ZGF SERA 

Architects
Payette 

Associates Lake|Flato EskewDumez
Ripple SOM HOK Payette

Associates
Setting Urban Rural Suburban Suburban Suburban Urban Urban Urban Suburban
Climate 

Zone Temperate Dry Dry Temperate Temperate Temperate Temperate Continental Temperate

2. Space Zoning Strategies

Space 
Location

Laboratory Interior South North Interior West / 
Interior West North North/ East / 

West North

Lab. 
Support North South North South Interior / 

South Interior Interior Interior Interior

Office Area South North East East/ West/ 
North East, North South South South South

Open 
Space

Atrium  -  - - - -  

Courtyard -  - - - - - - -

Space Zoning Types Modified 1A Modified 1B Modified 1A Modified 1A Modified 2B Modified 1A 2B 2B Modified 2B

3. Passive Façade Design Strategies

Daylighting
& Views

Laboratory      /     /  /  

Lab. 
Support  -  -  /  - - - -

Office Area     /  /      

Natural 
Ventilation

Laboratory - - - - - / - - - - / - / - -
Lab. 
Support - - - - - / - - - - -

Office Area -  -  /  /  - - - - 

Exterior 
Shading

Laboratory -  
(extended roof) - -

 / -
(perforated metal 
panel, light shelf 

/-)

- - - / - / - -

Lab. 
Support -  

(extended roof) - - - / - - - - -

Office Area 
(vertical louver)

-


(perforated metal 
panel)


(vertical / 
horizon. 

mullion/ -)


(perforated metal 

panel)


(horizontal 

louver)
-


(vertical fritted 
glass louver fin)

-

Interior 
Shading

Laboratory - - - -  / -  
(roller shade)

 /  / 
(roller shade)

-

Lab. 
Support - - - - - / - - - - -

Office Area - - - - - - 
(roller shade)


(roller shade)


(roller shade)

WWR

Laboratory - Low Low - High / - Low Low Low High
Lab. 
Support Low - Low - Low / Low - - - -

Office Area High High High High/ High/ 
High High High High High High

● : directly related, ○ : indirectly related, -: not applied
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the Type 2B scheme is suitably applied in both Cases 7 and 8 as 
distinct layered zones connected by double corridors. On the 
other hand, Case 3 has a corridor located south for utilitarian 
purposes as well as to serve as a thermal corridor. The office 
zone is located in the east end and the lab is combined with the 
lab support.

5.2 Passive Façade Design Strategies 
The passive façade design strategies used in the building 

considered in the case studies were reviewed in terms of 
daylighting and views, natural ventilation, exterior shading and 
WWR. Three important findings were obtained considering 
the three main laboratory space areas: laboratory rooms, lab 
support areas, and office areas.

First, labs facing north with limited WWRs were the most 
common (Case 3, 7, 8, and 9). Even lab spaces without exterior 
openings had access to external views through full height 
interior glazing and deep daylight penetration through adjacent 
space (Case 1, 4, and 5). Labs facing east and west showed low 
WWRs (Case 7 and 8). In Case 5, lab spaces facing west with 
high WWRs and perforated metal panels with light selves were 
observed as exterior shading devices. 

Second, lab support areas without external views were 
common in many cases (Case 4, 6, 7, 8, and 9). Even they faced 
south or north owing to the site constraints, they had limited 
windows or low WWRs to reduce the cooling load rather than 
exterior shading devices (Case 1 and 5).

Third, office areas facing south were mostly found (Case 1, 5, 
6, 7, 8, and 9). Office areas were separated from the laboratory 
and lab support areas to take advantage of daylighting and views 
with appropriate exterior shading devices. Natural ventilation 
was utilized to take advantage of fresh air and temperature 
and humidity control (Case 2, 4, 8, and 9). On the other hand, 
neither the labs nor lab support spaces provided natural 
ventilation air control. 

5.3 Laboratory Building Configurations
The high and low energy demand requirements of build-

ing spaces and site context yielded various integrated building 
configurations and modifications of the typical space zoning 
strategies. Four major findings were obtained in this regard.

First, the building energy design process configures the 
energy-intensive laboratories and office spaces with low energy 
demand as two separate building masses with an indoor atrium 
or outdoor courtyard in between them. The buildings in Case 
1, 2, 3, 8, and 9 utilized this strategy. In addition, naturally 
ventilated office zones and environmentally controlled lab zones 
were included in Case 2, 4, and 9. The arrangement of offices 
and laboratories in separate parts of the building linked by 
structures such as bridges provides scope for introducing greater 
variety in the architectural design incorporating different ceiling 
heights.

Second, integrated designs were introduced to reduce the 
energy loads using typical building elements effectively. Placing 
a sloped-roof structure with PV panels (Case 2), using a corridor 

as a thermal buffer zone between the exterior and interior 
laboratory zones (Case 3 & 4), and integrating laboratory spaces 
with high ceilings and office areas with relatively lower ceilings 
by utilizing skip-floor strategies were observed in the buildings 
of Case 2, 3, and 9.

Third, distinct separations between office and laboratory 
zones in high-rise-type laboratories were observed. The office 
zone faced south and laboratories requiring high energy faced 
north, west, and east with narrow shapes and low glazing ratios 
of the facades used instead of exterior shading devices (Case 7 
and 8).

Fourth, the optimal building orientation could be achieved 
when the project site is in a rural or redevelopment area (Case 1, 
2, 4, and 6). The building orientations in other case studies were 
affected by the existing site conditions, particularly the shapes of 
the existing blocks and street patterns (Case 5 and 6).

5.4 Conclusions 
The main conclusions drawn from this study regarding the 

space zoning of interior layouts and passive facade design 
strategies be summarized as follows: 1) Understanding the 
different energy load requirements of the lab zones and office 
areas is the key to start space zoning with the façades designed 
accordingly, 2) Public areas such as corridors, atriums, or 
courtyards can serve as thermal buffer zones to employ 
passive solar designs effectively. 3) Balanced WWRs, exterior 
shading devices, and natural ventilation systems must be 
utilized according to the energy requirements to minimize the 
dependence on mechanical services. 4) Typical laboratory space 
zoning strategies can be revised, reversed, and even reconfigured 
to minimize the energy load and adjusted according to the site 
characteristics. Table 2 presents the space zoning and passive 
façade strategies used in the nine case studies.

6. LIMITATIONS AND FUTURE STUDIES

Case studies were examined according to space zoning 
and passive facade design strategies to make energy efficient 
laboratory facility. Nevertheless, this study has the following two 
main limitations. First, the passive design strategies in each case 
study were based on the available information only. Therefore, 
more information can be obtained by conducting interviews 
with knowledgeable personnel. Second, the quantitative 
dimensions, such as the WWR, size of the shading device, and 
glazing specs, are necessary to better understand the application 
of passive design.

Future studies must focus on the following issues. First, 
in order to realize a zero-energy building, the application 
of a passive design strategy should be accompanied by the 
installation of renewable energy and energy efficient equipment. 
Second, an energy efficient research lab prototype must be 
developed and proposed using energy modeling. Energy 
modeling can be conducted by applying various design options 
under different test conditions to identify the energy loads. 
This way, the cost of building construction and the energy 
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consumption for building maintenance will be reduced, and the 
energy consumption data can be reviewed to find the optimized 
option.
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