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ABSTRACT: The 2010 Florida State University System Energy Conservation Report, published in December 2010, 

reported that Florida International University (FIU) topped all state universities in energy conservation for three 

consecutive years with a score of 61.9590 kBTU per square foot. (The Environmental Protection Agency established 

kBTU per square foot as the key performance indicator for energy efficiency in its Energy Star rating program.) 

However, the energy score is not benchmarked against the American Institute of Architecture and Department of 

Education 2030 Challenge to make buildings carbon-neutral or Net-Zero-Energy buildings until 2030. (1)nThe topic 

of Net-Zero-Energy-Buildings (Net-ZEBs) has received increasing attention in recent years, until becoming part of 

both E.U. 2020 Regulation and U.S. DOE policies on energy efficiency in buildings. The term Net-ZEBs refers to the 

very low amount of energy required to operate a building and should be covered to a very significant extent by energy 

from renewable sources, including energy from renewable sources produced on-site or nearby. 

 

 

INTRODUCTION 

An interdisciplinary research team at FIU started in 

September 2011 to analyze and deploy a smart-sensor 

infrastructure system, compatible with the Metasys® 

building management system from Johnson Controls, to 

collect real-time data and identify problems and 

strategies to improve thermal comfort while saving 

significant energy and CO² emissions. 

The newly LEED Silver certified FIU’s School of 

International and Public Affairs was chosen for this 

study.  For the second floor of the building, total energy, 

CO², and comfort analyses will be conducted. In 

addition, this study will propose a 3D-BIM scenario how 

to improve the performance with passive and active 

strategies towards a Net-Zero-Energy Building. (Figure 

1, 2) 

 

Sipa building data and metrics 
The School of International and Public Affairs (SIPA) is 

located on the west side of Florida International 

University’s Modesto A. Maidique Campus. It has a 

longitude and latitude of +25°, 45’ 23.41’ and -80° 

22.’34,67, and an elevation of 3 ft. The SIPA building 

was completed in spring of 2009 and has achieved 44 

LEED points, earning a LEED Gold rating. The building, 

in its entirety, consists of five floor levels with a footprint 

of 58,238sf of which 7,242sf facilitate the second floor 

level. (Figure 3) 

 

 
Figure 1. SIPA building northeast view, Florida  

InternationalUniversity, Modesto A. Maidique Campus.  

Image: Authors 

 
Figure 2. Florida International University, Modesto A.  

Maidique Campus. SIPA building is highlighted in orange 

Location: FIU School of International and Public Affairs,  

SIPA 530, 11200 SW 8th Street, Miami, FL 33199 

Miami, FL 33199, USA 

 

 

 



PLEA2012 - 28th Conference, Opportunities, Limits & Needs Towards an environmentally responsible architecture Lima, Perú 7-9 November 2012 

 

The building’s five floor levels are oriented along the 

west side of the site while a two-story auditorium flanks 

the east side of the building. The second floor level is 

composed of small and large classrooms, a language lab, 

a social science technology center, a computer lab, 

graduate suites, and support areas. The facilities that are 

being surveyed on the second floor receive direct and 

indirect daylight from the north, west and south 

elevations. However, much of the daylight which affects 

the second floor level enters from the west elevation. The 

building’s mass is predominantly constructed out of 

precast concrete. 

 

The baseline for this study is based on the LEED 

documents that were provided by the LEED architect. As 

shown in Figure 3, the measurements provided for the 

LEED certification covers the entire SIPA building. The 

orange column highlights the square footage of the 

second floor which was chosen for the research 

boundary. Figure 4, 5, 7, and 8 illustrate the scope of 

work for the second floor portion. 

 

 
Figure 3. Building metrics of the entire SIPA building with  

specific breakdown for the second floor area in sf. 

 

 
Figure 4. Second floor occupancy breakdown 

 
Figure 5. Research boundary with Occupancy Zoning &  

Occupancy Schedule Profile of SIPA second floor (Revit  

Model of SIPA, 2012). 

 

 
Figure 6. West view of the SIPA façade with second floor  

research boundary (REVIT model of SIPA, 2012). 

 

 
Figure 7. Section through the SIPA building with second  

floor research boundary, (REVIT model of SIPA, 2012). 

 

 

Research project objective and indicators 

The SIPA Baseline Assessment, Energy Use Monitoring, 

and Sensor Implementation Feasibility Study were used 

to identify quantitative measures and to develop the 

research strategies that provide direct or indirect 

indicators for energy performance improvements, 

conservation strategies and the implementation of 

renewable energy systems to match the NET-ZEB 

criteria for the SIPA building.  

 

Below are five steps outlined (Figure 9):  
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Figure 8. Research Framework. Diagram Source: Thomas  

Spiegelhalter. 

 

The development of a set of Net-Zero-Energy-Indicators 

that analysis, measures the primary energy input of the 

FIU SIPA building. The five steps are data collection, 

parametric energy simulation, calibration of the different 

parametric software results, data analysis, and then 

passive and active NET-ZEB scenario evaluations: 

 

1. Improving the SIPA’s enclosure U-values with  

energy efficiency retrofitting 

2. Occupancy control and controlling more efficient 

the lighting performance 

3. Passive Climate Space Strategies (Fig. 9) 

 

 
Figure 9.  Psychrometric Chart: Miami-Kendall showing  

22,6 % of the year natural ventilation, 20,2% fan-forced  

ventilation cooling possible versus 35,2% mechanical  

Cooling/Dehumidification. Source: Climate Consultant. 

 

How to achieve net-zero-energy        -----or carbon 

neutrality 

The general pathway to achieve a Net ZEB for the SIPA 

building consists of two steps: first, reducing energy 

demand by means of conservation and energy efficiency 

measures. Second, generating enough onsite or 

distributed renewable energy mix carriers, by means of 

energy supply options for credits to achieve the balance. 

(Figure 9) Additionally, other rating systems and 

indicators such as: UKBREAAM, the German DNGB, 

Japans CASBEE -can be incorporated against the current 

U.S. LEED system to add qualified information on the 

overall “Sustainability Performance” of the future SIPA-

Net-ZEB goal. 

 
Figure 10. SIPA-Energy efficiency improvement graph  

representing the Net-ZEC balance in 2030 to match the AIA  

agenda of carbon neutrality. Source: Thomas Spiegelhalter  

 

 

IMPLEMENTING THE RESEARCH ---- --------------

STRATEGIES 

In order to test the research framework shown in Figure 9 

and 10, the authors started to analyze and deploy a smart-

sensor computing infrastructure system, compatible with 

the existing Metasys® building management system 

from Johnson Controls. 

 

 
Figure 11.  2nd Floor SIPA building HVAC (AHU-VAV)  

Controls. Source: Metasys® building management system  

from Johnson Controls.  

 

The purpose of the system is to collect real-time data and 

identify factors affecting the level of energy-use through 

insufficient values, thermal bridges in the façade system, 

thermal comfort related occupancy and activity control 

problems, and inefficient HVAC, and lighting energy 

use. (Table 1, 2, 3, 4) The SIPA-LEED engineers in 
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charge conducted an hourly baseline simulation using the 

TM² weather file for Miami IAP, Climate Zone 1A, and 

the ASHRAE 90.-1-2004, Appendix G assessment. 

The baseline comparison was conducted with the Energy 

Star TARGET FINDER scoring 64 from the Energy Star 

Portfolio. The baseline input by the SIPA architects and 

engineers claims in theory that SIPA is 33.1% more 

energy efficient than the Energy Star baseline building 

through the use of increased insulation levels, highly 

efficient glass, a lighting design which is over 50% more 

efficient, occupancy sensors, and an efficient HVAC 

system. This also includes a small-scale Photovoltaic 

array composed of UniSolarFlexlight panels which 

utilize amorphous silicon technology (thin film) to 

produce 38,700 KWH/year or only 4% of the building’s 

estimated annual energy load. 
 

Table 1: Excerpt from the LEED Template Input Comparison of 

the Proposed Design Versus Baseline Design. 

 
 

Table 2: Excerpt from the LEED Template Input Comparison of 

Proposed Primary HVAC Baseline Design 

 
 

Table 3: Excerpt from the LEED template Input Comparison 

for Lighting.   

 
 

  
 

 

MEASUREMENT AND DATA COLLECTION 

The measurement of energy consumption for all loads 

(HVAC, lighting, etc.) as it relates to indoor and outdoor 

environmental variables (temperature, relative humidity, 

illuminance, etc.) as well as usage patterns (number of 

occupants, etc.) over a period of time are the two most 

important components of this study. 

To ensure the validity of the planned benchmarking 

effort, the followings have been identified as key criteria 

for the measurement process: 

 

a. Accuracy 

b. High temporal and spatial resolution 

c. Adequate aggregation for trend and pattern  

    identification 

d. Synchronization of measurements of different  

    parameters for correlation studies 

 

Based on these criteria, two complementary systems 

have been selected to collect the data of interest. The first 

one is the preinstalled sensor and actuator system of 

Johnson Controls Inc. (JCI). JCI sensors continuously 

measure the temperature and relative humidity in every 

room at a single point, temperature of the blown air and 

return air in all individual HVAC air ducts, electrical 

power consumption of lighting systems on all floors, and 

electrical power consumption of the central HVAC unit. 

The measured data is uploaded to JCI’s proprietary 

METASYS server for real-time monitoring and archiving 

through a dedicated network. Even with its extensive 

capabilities, the current JCI system has some deficiencies 

for this project. It measures temperature in only the 

rooms and at only a single point. According to the 

Johnson Control System, humidity sensors were not 

placed in each room but rather, they were located on each 

unit at the return air far away from the regular 3 feet 

thermal comfort measuring locations. Most of the rooms 

however, do have both a CO² sensor and Wireless Zone 

Sensors which document the room or zone temperatures. 

Table 4 shows a typical hot and humid August Design 

Cooling Day with 92º F outdoor air and 0.017 lb/lb 

specific humidity content. The central cooling coil outlet 

temperature is approximate 52º F whereas the Supply 

Fan Outlet is 55º F. The room air is measured by 78º F 

whereas the reclaimed ventilation outlet is at 82º F. 
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Figure 12: Typical August Design Cooling Day with 92° F 

outdoor air and 0.017 lb/lb specific humidity content. The 

central cooling coil outlet temperature is 52 F° whereas the 

Supply Fan Outlet is 55 F°. The room air is measured by 78F°, 

whereas the reclaimed ventilation outlet is at 82 F°. 

 

Monitoring these environmental variables in high-traffic 

hallways, however, might be useful or even necessary for 

accurate benchmarking. The preinstalled JCI system 

neither monitors the outdoor environmental variables, 

nor the occupancy/presence of the space under study. 

Illumination level is also not measured at any point. It 

was therefore necessary to install a complementary 

sensor network with different components. A wireless 

sensor system from MONNITTM has been chosen to 

measure the temperature, relative humidity, and intensity 

of light in lux (luminescence/unit area) at multiple points 

in each room. The points have been selected to allow for 

the extraction of the spatial gradient of the measured 

parameters. The measured data can be wirelessly 

transferred to a dedicated web server for storage. To 

monitor the occupancy level in the rooms and the traffic 

in the hallways, wireless network cameras have been 

adopted for installation. These cameras can be remotely 

controlled and the acquired video processed using in-

house developed software to extract the number of 

people in the rooms or in the hallways. Outdoor 

environmental variables are monitored using the 

HOBOTM outdoor weather station which continuously 

measures temperature, relative humidity, light intensity, 

rain, wind speed, and wind direction. This system can 

also wirelessly upload the measured data to a dedicated 

web server. The data collected from different sources are 

time-stamped to study the correlation between different 

parameters, specifically the effect of environmental 

variables and usage patterns on energy consumption. 

 

 

ENCLOSURE HEAT TRANSFER ANALYSIS------   

AND ENERGY EFFICIENCY RETROFITTING ----

STRATEGY 
The research team established a customized 

environmental enclosure heat transfer assessment method 

which provides façade U-value enclosure charts, HVAC 

diagrams, schedules and details for the real-time data 

collection along with temperature and humidity 

sensoring throughout the year. 

 

The Enclosure chart includes: 
 

-Exterior wall, underground wall, roof, floor, and slab 

assemblies including framing type, assembly R-values, 

assembly U-factors, and roof reflectivity when modeling 

cool roofs. (ASHRAE 90.1 Appendix A) 

-Fenestration types, assembly U-factors (including the 

impact of the frame on the assembly), SHGCs, and visual 

light transmittances, overall window-to-gross wall ratio, 

fixed shading devices, and automated movable shading 

devices. 
 

The preliminary assumptions show that most of the 

existing façade details lack efficient U-and R-values and 

are subject to major thermal bridge problems with 

extreme high heat transfer impacts through the building 

enclosure into the cooled spaces of the SIPA building. 

(Figure 13, Table 2).  
 

Currently, the research team is assembling real-time 

infrared images of selected typical façade details and is 

comparing the processed heat transfer temperature with 

the outdoor and indoor temperature values. (Figure 14, 

15, Table 3)  

 

 
Figure 11. Example of the precast concrete façade details  

with no insulation and very low overall R-value of R-13  

(theoretical) 

 
 

Figure 12. Typical thermal bridge detail with significant heat 

transfer impact from the outside (max. 92° F) to the inside (max 

78° F) increasing the cooling load within the SIPA Interior 
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Figure 13: Typical classroom (left) and façade window  

detail (right). Source: Thomas Spiegelhalter 

 

  
Figure 14: The left infrared Image shows the outside  

surface temperature of the concrete precast of 98,8 F° and  

higher; while the air outside temperature is only 79 F° by a  

relative humidity of 78 % and 15 mph wind pressure. The  

right. infrared image show the indoor surface  

temperature with 79° F and higher of the noninsulated  

window frame area as a typical thermal bridge, while the  

air cooling supply in the Interior space is set by 54° F. 

Images: Thomas Spiegelhalter, March 15, 2012. 

 

  
Figure 15: The infrared image shows the high conductivity  

metal facade; the outdoor surface temperature with 112° F  

and higher of the noninsulated metal window frame area as  

a typical thermal bridge, while the outdoor air is 79° F and  

the air cooling supply in the Interior space is set by 54° F. 

Source: Thomas Spiegelhalter. 

 

A further 3D-BIM (building information model) will be 

developed to simulate the increase of the R-values of all 

façade elements in eQuest and Ecotect with Green 

Building studio. This comparative and parametric 

analysis will then help to identify retrofitting strategies 

with higher R-values in order to minimize with passive 

means the annual cooling load and CO² production. 

(Figure 16) 
 

 
Figure 16. SIPA-BIM 3D model with Autodesk Naviswork  

Manage,2012, to update the U-Values and run Green  

Building Studio Energy Efficiency Scenario. Source:   

Thomas Spiegelhalter 

 

CONCLUSION AND RECOMMENDATION 

This paper demonstrates a critical examination of how 

integrated smart sensor-technology and parametric 3D 

modeling can assist architects in producing a detailed 

'what if' resource-usage scenario, which enhance the 

design, operation, real-time monitoring, and 

benchmarking of the future Net-Zero-Energy-Buildings 

target towards carbon neutrality. 

 

The current energy performance benchmarking system of 

the SIPA building shows considerable variance between 

the actual energy use and the estimated energy-use. The 

proposed general pathway to achieve a Net-ZEB for 

SIPA has two steps: first, reducing energy demand by 

means of conservation (avoiding excessive heat transfer 

into the building with passive means) and energy 

efficiency measures (implementing a smart integrated 

sensor infrastructure to better control HVAC and 

lighting, occupancy schedules). Second, generating 

onsite or distributed renewable energy mix carriers, by 

means of energy supply options for green credits to 

achieve the balance needed to make SIPA a NET-ZEB. 

(Figure 9) 

 

The small amount of renewable energy income in the 

current PV rooftop system needs to be increased with 

new overall onsite renewable energy mix systems in 

order to match the balance needed to achieve carbon 

neutrality. Before this, measures can be further explored. 

Also, conservation strategies must be further explored 

and implemented to reduce the overall cooling and 

lighting load in the SIPA building significantly. 

 

For the SIPA building operators, and in long run for the 

University et al, this becomes a tool that is updated 

yearly and used to expand environmentally progressive 

practices and applied research continually on the campus. 

It provides critical means and feedback loop for universal 

environmental research and education for the students, 

staff, and faculty. It helps to create leadership in defining 

how to be a carbon neutral and provides a model for the 
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campus community and the surrounding local 

community at large. 

 

 

ACKNOWLEDGEMENTS 

The authors gratefully acknowledge the financial support 
provided by the Division of Research at Florida 
International University and assistance from the 
Facilities Management at Florida International University 
for data collection and the installation of a smart-sensor 
infrastructure system in the SIPA building. 
 

 

REFERENCES 
1. AIA Agenda 2030 Commitment:  

http://www.aia.org/about/initiatives/AIAB079458, retrieved on 

11/17/2012 

http://www.aia.org/about/initiatives/AIAB079458

