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 An individual wakes up every morning and prepares themselves for the day by checking the daily 

forecast either through their phone or by the news.  In response to either the hot or cold temperature, 

amount of precipitation, or wind speed, he or she will apply the correct number of layers in accordance 

with the day's weather conditions.  This is done to achieve a maximum amount of comfort during the 

whole day and gives the person a sense of flexibility to the changes within a day.  If a building could 

respond like a person, by checking the daily forecast and countering with passive and active systems as 

needed, then it would reduce the building's reliance on active systems that would require more energy 

use. 
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How can Building Automation Systems utilize these predictive climate technologies to circumvent current 

oversights and environmental control errors? 

 

 EBOSS, or Evolutionary Building Operations Systems Solver, is a grasshopper definition developed 

specifically to help an existing building foster more appropriate responses to changing weather conditions 

that create oversights and environmental control errors. EBOSS provides simple, interactive systems 

selection for the building that utilizes an Artificial Neural Network for a more intelligent Building 

Automation System.  This methodology was devised after observing that there is a lack in the amount of 

depth and understanding of how and why systems are being used which limits each system within a 

building to stationary setpoints that are unable to adjust to changing weather.  EBOSS will instead think of 

each system not as a single stationary element, but will control and maintain the building’s systems based 

off past, present, and future data. 
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INTRODUCTION 

 

 As technology continues to evolve in parallel to the architecture discipline, there is a need for 

reevaluation of the possibilities the computer offers at improving building performance.  As designers, we 

must ask ourselves the hard questions of:  what do these ubiquitous software being developed mean to 

the discipline and what opportunities do they offer at making buildings better?  An alternative approach to 

this frontier challenge could be defined by the potentials computers have for the improvement of building 

maintenance.  Evolutionary Building Operations System Solver, or EBOSS, is a tool that allows the 

computer to better maintain a building by using data collected on the building and the weather forecast to 

improve building automated systems and reduce energy consumption. 

 Climate-responsive architecture is design under a variety of specific environmental conditions that 

can accommodate for long term changes.  The integration of the computer in the design process allows 

for and encourages experimentation of these conditions through testing of solutions and refining of design 

approaches to reduce the overall energy use and increase thermal comfort. (Zdepski, 1986) Another 

approach to climate-responsive architectural design would be to improve building operations by allowing 

for its systems to also accommodate for changes.  The strength of the computer lies in its ability to 

understand and process quantifiable information.  Data that is "determined by hard (unalterable) needs, 

requirements and intentions," (Dorst, 2004) and produced though the monitoring of the building and its 

environment.  This data can inform a building of what systems to use under changing weather conditions 

by utilizing the weather forecast to respond preemptively, a method of localized Weather-Responsive 

Architecture used by the tool EBOSS.  EBOSS was designed to be systematic and cautious when 

approaching the systems at play when breaking down the elements of the environment and searching 

within past data through the use of an Artificial Neural Network.  This tool will produce a structure of 

checks and balances that could resolve any dramatic changes within weather while maintaining an 

optimal energy use.   
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Ecological systems have at least five features that make them interesting.  First, they are 

comprised of many parts; most contain hundreds of billions of individual organisms and 

tens of millions of species.  Second, ecological systems are open systems that maintain 

themselves far from thermodynamic equilibrium by the uptake and transformation of 

energy and by the exchange of organisms and matter across their arbitrary boundaries.  

Third, ecological systems are adaptive, responding to changing environments both by 

behavioral adjustments of individuals and by Darwinian genetic changes in the attributes 

of populations.  Fourth, ecological systems have irreversible histories, in part because all 

organisms are related to each other genetically in a hierarchic pattern of descent from a 

common ancestor.  Fifth, ecological systems exhibit a rich variety of complex, non-linear 

dynamics. (Brown, 1994)  

EBOSS can maintain a building as an ecological system through the use of an Artificial Neural Network, a 

system that begins to push towards the goal of sustaining itself and developing over time.  The concept 

proposed by Michael Hensel and Achim Menges of Morpho-Ecology gives architects insight on how to 

treat systems as an inherent unity through multiple scales.  Ecology is the study of the relationship 

between an organism and its environment.  Morphogenesis is the biological process that causes an 

organism to derive its form.  The combination of these terms, or Morpho-Ecology, produces a framework 

for architectural thinking that is firmly rooted within a biological paradigm.  (Hensel, 2008) This 

comparison of a building to an ecological system claims that buildings have life and can adapt to their 

changing environment.  EBOSS developed a dynamic and adaptive system's replication of processes 

within an ecological system and could become precedent for future approaches toward more weather 

responsive architecture. 
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WHY FOCUS ON ENERGY USE? 

 

 As we increasingly face economic and environmental strain related to energy crises worldwide, the 

push to make our buildings more efficient becomes central to the building construction and operations 

conversation. This problem of energy use is as much of an operational issue as a design issue when 

pertaining to the building sector. The building sector accounts for 39.87% of the United States’ total 

consumption, according to the Energy Information Administration (EIA). The electrical energy 

consumption of buildings has doubled in the past 18 years, and the projected growth through 2030 is 

another 25%.  Buildings also consume 70% of the total energy use and 40% of greenhouse gas 

emissions. (Maasoumy, 2016) 

 Optimizing our buildings is needed now more than ever and at the same time more achievable with 

comprehensive building and systems data being largely more available with the improvements of 

technology. Technology allowed us to develop “Building Energy Management Systems”, or BEMS, which 

integrated multiple architectural and mechanical systems into one network, and aimed to enable constant 

improvement as technology advances. (Maasoumy, 2016) New advances in software being produced 

could equip our Building Energy Management Systems to learn from the past, and even predict the future 

and possibly ease the economic and environmental strain of buildings. 
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BULLITT CENTER 

 

This approach will be evaluated in the context of the 

improved control of the Bullitt Center’s operable windows 

for night flushing of a high thermal mass construction.  

The Bullitt Center is a six story, 51,000 sf commercial 

office building located in Seattle, Washington. (Bhatt, 

2015) It was designed by Miller Hull to prove that an 

urban office building can be net positive and achieve the 

Living Building Challenge.  The building was designed 

and constructed for the easy availability of data collection, 

every power outlet in the building is metered and 

recorded, the Building management system collects data 

on the operation of all its systems, including window 

operations, and a personal weather station on the building 

records the weather conditions. 

 The Bullitt Center was developed with a well-

integrated set of systems that include motorized 

windows.  This system is used for natural 

ventilation and night flushing, which are the 

building’s primary method of cooling.  To improve 

the efficiency of these systems, the Bullitt Center 

has a high-performance building envelope with 

large windows, internal mass construction for 

high thermal storage, and a floor plate geometry 

to improve cross-ventilation.   

  

Fig.1 The Bullitt Center preforming the 
process of night flushing 

Fig. 2 Floor plan of the Bullitt Center showing cross-
ventilation efficiency 
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PROCESS OF NIGHT FLUSHING 

 

 Night flushing is a passive ventilation cooling process where the building opens the windows at night 

to flush warm air out and cool its thermal mass for the next day.   The Bullitt Center can use night flushing 

because opening the windows at night and collecting mild 60 degree to 70 degree air allows for its high 

mass to collect and store this coolth for the next day. 

This process is particularly suited to the climate in the US Pacific Northwest where annual 

temperatures stay relatively mild in nature.  The climate allows night time temperatures to drop below 70 

degrees even during the hottest days.  Night flushing could be used as a strategy for precooling for 

almost a total of 2,500 hours, or 29% of a year. 

Fig. 4 Daily temperature changes with window operations.  Hours are sorted by hottest days to coldest. 

Fig. 3 Window Operations of the Bullitt Center.  The color change shows windows open for temperatures between 
60 and 70. 
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RULE BASED SYSTEMS 

 

 Currently Building Automated Systems use a Rule based logic that performs in real-time through 

stationary setpoints. (Oldewurtel, 2012) This system has major shortcomings when the building is only 

limited to looking at past and current weather and limits itself to a single setpoint of action. 

 An example is the Bullitt Center’s natural ventilation system sequence of operation for night flushing 

that utilizes the previous day’s temperature to determine if it is appropriate to precool for the next day.  

This assumption that the Rule Based System is making, if the previous day is under or over 70 degrees, 

then the proceeding day would be similar in temperature, is open for errors and will allow oversights and 

environmental control errors due to weather being unpredictable and varying.   

  

Fig. 6 Bullitt Center’s Office Natural Ventilation System Sequence of Operation 

Fig. 5 Diagram of Rule Based Systems 



www.manaraa.com

 

13 

 

EBOSS OVERVIEW 

 

EBOSS uses an Artificial Neural Network (ANN) to develop optimal system choices within the 

program of Grasshopper. Grasshopper is a programming language and environment developed by David 

Rutten at Robert McNeel & Associates, that is used to build generative algorithms through components.  

The components used in EBOSS are also developed by Robert McNeel & Associates. An ANN is an 

energy prediction scheme that uses an energy data collection system and the weather forecast to help 

the building determine the best control strategies based off past choices.  In a sense, an Artificial Neural 

Network is a type of artificial intelligence (AI) that mimics the behavior of the human brain. (Yang, 2005) It 

can approximate a nonlinear relationship between multiple input variables and produce an optimal output 

for a multi-objective problem.  Artificial Neural Networks also have an ability for self-learning, so when 

data is continuously augmented, newly collected measurements become available as possible solutions. 

  

  

Fig. 7 Diagram of an Artificial Neural Network 
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Artificial Neural Networks can be broken down into input genomes, a fuzzy logic system with weights, 

a layer of multiple genetic algorithms, outputs, and a process of machine learning.  In computer science, 

a genetic algorithm is the process of natural selection through the comparison of bio-inspired operators to 

generate high quality solutions.  Thinking of the possible candidates of solutions as bio-inspired genomes, 

these inputs become a string of numbers like an organism’s DNA.  Fitness values are a figure of merit to 

indicate how close the solutions came to meeting the design objective.  The figure of merit is a 

quantifiable number, which allows the Fuzzy Logic System to provide a means of comparison between 

these genetic candidates and produce optimized solutions through a process like natural selection.  
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EBOSS 

 

 

  

Fig. 8 The grasshopper component for EBOSS 
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Fig. 9 The methodology of EBOSS utilizing an Artificial Neural Network as its means of achieving optimized 
solutions 
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Fig. 10 The structure of EBOSS showing the flow of data through the entire process. 
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INPUT GENOMES 

METHODOLOGY OF APPROACH 

 

 Germans use the term 'sachzwang' to describe a tool to "derive ought from fact.". (Rittel, 1987) 

Sachzwang can be described as the logical or determined data that will inform the design process 

through logic.  The data used for EBOSS is comprised through the compilation of past data into a 

database that holds by hour, the energy consumption and environmental conditions for the building.  

Utilizing the building system configuration or settings on a day with similar conditions should yield the 

same energy consumption.  Sachzwang reduces the chance for error and increases the reliability of each 

solution.  The tool, EBOSS, best uses this logic in the management of a building by synthesizing the 

quantitative data and using deductive logic to provide solutions. Design tools are "instruments with no 

intelligence or violation of their own, that can augment the abilities of an experienced designer, making 

the execution of some specific task more efficient, more precise, or more effortless." (Kalay, 2004) 

EBOSS is a tool that can make logical choices based off 'sachzwang', quantifiable data and allow for 

buildings to make better decisions that are already within a solutions space of past data. 

"The sought-after solution, exists within a universe of potential, or candidate solutions, a so-called 

solution space." (Kalay, 2004) Thinking of the solution space as an available set of 365 days’ worth of 

solutions, EBOSS examines the existing candidate solutions for compliance with the goals and 

constraints and navigates within this space until a single resulting day with optimized systems is found. 

Fig. 11 Diagram of how designers navigate through the solution space to a goal space through goals and 
constraints 
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The compiled database of the Bullitt Center’s 

past data is the solution space for EBOSS to 

navigate within.  The data consists of an entire 

year with a total of 8,760 rows and 526,832 

cells.  The categories of the contents includes 

time, weather conditions, energy 

consumption, and systems used.  The data 

collected from the personal weather station on 

the Bullitt Center gives an hourly 10- day 

weather forecast.  The categories of the 

contents include the time and local weather 

conditions.  

Fig. 14 Excerpt from the data collected from the weather forecast 

Fig. 13. Excerpt from the data collected on the Bullitt Center, provided by the Integrated Design Lab at UW  

Fig. 12 Diagram of solution space made from 365 days’ 
worth of data 
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INPUT GENOMES 

STRUCTURE OF SCRIPTING                          

EBOSS’s grasshopper script for the input genomes focuses on the transfer of information between 

the databases created for the past data on the Bullitt Center and the weather forecast to the grasshopper 

program.  A tool called FLUX, designed by Flux.io, was used due to its seamless feature of connecting all 

these streams of data by having plug-ins for both excel and grasshopper. FLUX’s ability to continuously 

exchange data allows EBOSS to make constant adjustments to the systems as weather changes within 

the day.  The data that is being transferred from the weather forecast are the dates, hours, weekdays, 

and temperature.  The data that is being transferred from the database on the Bullitt Center are the dates, 

hours, weekdays, temperature, energy consumption, and window operations.   

The weights for the Fuzzy Logic System and the size 

of the goal space become input values to allow for the user 

to have a higher degree of control over the results 

produced by EBOSS. 

 

Fig. 15 Grasshopper Script of the input genomes.  The left side is the weather forecast, the right is past data on 
the building 

Fig. 16 Inputs for Fuzzy Logic System and 
Goal Space size 
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INDEXING 

METHODOLOGY OF APPROACH 

 

Indexing is the process that collects, 

parses, and stores data to facilitate fast and 

accurate information retrieval.  Due to the 

office occupation patterns of the Bullitt Center, 

occupation is a consistent Monday through 

Friday.  Data was parsed into two categories of 

occupied and unoccupied before testing to 

reduce computation costs and system usage 

between an occupied day and an unoccupied 

day.  If the building is unoccupied, window 

operations will be restricted and maintained at 

a closed position to preserve internal 

temperatures and reduce the use of heating 

and cooling. 

 

Fig. 17 Diagram of indexing the solution space based off 
occupation 

Fig. 18 Graphs showing the effect of occupation on systems usage 
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INDEXING 

PROCESS OF SCRIPTING 

 
  

 EBOSS’s grasshopper script for the process of indexing utilizes the weather forecast’s stream of 

weekdays to determine the building’s occupation for the tested day.  Due to the weekdays being received 

in textual form, the data is replaced with 0 to 6 values using the “replace text” component found within the 

grasshopper program.  This replaces all occurrences of a specific text fragment with another. (Gupta, 

2016) Once the data is in a numerical format, EBOSS uses the “larger than” component to test if the next 

day is between 0 to 4, or Monday to Friday, for weekdays and 5 to 6, or Saturday and Sunday, for 

weekends. (Gupta, 2016) To keep the occupied and unoccupied sets of data separated, each input is 

sent into the “stream gate” component.  This component redirects the data into two different outputs, 

which will allow EBOSS to better define the solution space by only using relevant data. (Gupta, 2016) 

 EBOSS can then index the data into 48 hour sets once the occupation has been determined for the 

tested day.  48 hour sets can be created with the “list item” component by taking the initial hour within the 

weather forecast and using the “member index” component to find every occurrence of this hour within 

the past data. (Gupta, 2016) When the occurrence of this hour is found within the past data, the “series” 

component adds an additional 47 values to that occurrence to develop 48 hour sets that correlates to the 

initial hour of the weather forecast. (Gupta, 2016) 

Fig. 19 Grasshopper script for the separation of past data into occupied and unoccupied days 
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GENETIC COMPARISON OF TEMPERATURE 

METHODOLOGY OF APPROACH 

 

EBOSS performs a process of genetic 

comparison of temperature once the data has been 

separated between the categories of occupied and 

unoccupied.  This process is looking at the genome 

values between the two sets of data and develops a 

quantifiable number of merit of their similarity, 

allowing for the selection of days that have the most 

similar weather conditions when compared by hour 

to the weather forecast. 

The genetic comparison of temperatures 

between past data and the weather forecast 

produces a result of an average temperature 

similarity per hour.  The results with the smallest 

temperature similarity can then become the goal 

space of a few values for decreased computing 

costs.  A quantifiable result is produced from this 

value by ranking their average temperature 

similarity.   

Fig. 21 Diagram and chart representing the values within the goal space and their ranking based off temperature 

Fig. 20 Diagrams of sorting by temperature similarity 
to define a goal space 
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GENETIC COMPARISON OF TEMPERATURE 

PROCESS OF SCRIPTING 

 

 

EBOSS’s grasshopper script for the process of genetic comparison of temperature takes the sets of 

48 hours of past data and 48 hours of weather forecast and computes the absolute difference between 

each of these sets through the “similarity” component. (Gupta, 2016) These values are added together 

with the “mass addition” component and divided by 48 with the division component to generate the 

average temperature similarity of each 48-hour set in the past data. (Gupta, 2016) These values are then 

sorted and the most similar in temperature days are indexed out based off the number of days selected 

which was determined by the initial input for the size of the goal space.   

To develop a language for naming these potential solutions, a code is created for each solution by the 

indexing value, or the presence of the 48-hour set within past data.   

Ex.  {0:0:40} for the 40th 48-hour set within the past data 

This allows for easy retrieval of each 48-hour set’s data, like energy consumption or window operations. 

 After EBOSS has generated the average temperature similarity for each 48-hour set and indexed 

only the most similar in temperature sets, it can produce a quantifiable value to be used by the Fuzzy 

Logic System.  This value is produced by taking the upper and lower bounds of these sets and 

reconfigure the bounds to 1 to 100 through the “remap numbers” component. (Gupta, 2016) This 

becomes the figure of merit of each potential solution in satisfying the similarity in temperature objective.  

Fig. 22 Grasshopper script for comparing the temperatures of the past data sets and the weather forecast 
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GENETIC COMPARISON OF ENERGY CONSUMPTION 

METHODOLOGY OF APPROACH 

 

EBOSS performs a process of genetic 

comparison of energy consumption once the 

data has been reduced to the goal space of 

the most similar in temperature potential 

solutions.  Energy consumption becomes a 

new fitness value for each potential solution 

after retrieving the value through the indexing 

of their genetic codes. 

After EBOSS has generated the energy 

consumption of each 48-hour set, it can 

produce a quantifiable value to be used by the 

Fuzzy Logic System.  This value is produced 

by taking the upper and lower bounds of these 

sets and reconfigure the bounds to 1 to 100 

with the “remap numbers” component. (Gupta, 

2016) This value becomes the figure of merit 

of each potential solution in satisfying the 

comparison of energy consumption. 

 

  

Fig. 24 Diagram and chart representing the values within the goal space and their ranking based off energy 
consumption 

Fig. 23 Diagram of the values within the goal space that will 
be used for comparison of energy consumption 
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GENETIC COMPARISON OF ENERGY CONSUMPTION 

PROCESS OF SCRIPTING 

EBOSS’s grasshopper script for the process of genetic comparison of energy consumption takes the 

potential solutions found within the previous process and retrieves their energy consumption through the 

“list item” component and their index coding developed previously. (Gupta, 2016) 

To reduce the chance of errors, the script first takes the energy consumption of each 48-hour set of 

past data and culls out any value that could potentially be incorrect.  Energy consumption of the Bullitt 

Center has a potential to be negative if there was maintenance being done to the building.  To remove 

these solutions with errors, the “smaller than” component tests each hour’s value in the 48-hour sets for 

negatives and creates a cull list that will remove these solutions with errors from the developed goal 

space. (Gupta, 2016) After EBOSS has culled out any possible solutions with errors, it can perform an 

addition of the 48-hour set’s energy consumption with the “mass addition” component to get their overall 

energy use for that set. (Gupta, 2016) These numbers are sorted to retrieve their upper and lower bounds 

of energy consumption, and these bounds are reconfigured to be 1 to 100 with the “remap numbers” 

component. (Gupta, 2016) The result is a quantifiable value for the Fuzzy Logic System that ranks each 

solution on its figure of merit for energy consumption.  

Fig. 26 Grasshopper script of culling errors 

Fig. 25 Grasshopper script of indexing and comparing energy consumption values 
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GENETIC COMPARISON OF OCCUPANT COMFORT 

 

EBOSS currently does not utilize a genetic 

comparison of occupant comfort, but has the 

capability to include it in its calculations.  

Occupant comfort has been a difficult metric to 

record within architecture until recently.  New 

applications developed can allow for users to 

record their comfort level at any time on their 

phone, which can then be stored within the 

past data alongside the weather conditions, 

energy usage, and systems used.   

The Edge in Amsterdam, designed by 

Deloitte, is an example of a building that 

utilizes its own phone application to record 

occupant comfort levels. (Lebowitz, 2015) This 

building will become the precedent of data 

informed decisions for the maintenance of 

buildings as technology progresses to evolve 

in parallel to architecture. Genetic comparison 

of occupant comfort will allow EBOSS to not 

only find an optimal day in similarity of 

temperature and the reduction of energy 

usage, but also highest level of comfort for its 

occupants. 

  

Fig. 27 Examples of applications that could be used to 
measure occupant comfort 

Fig. 28 Image of the Edge 
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FUZZY LOGIC CONTROL SYSTEM 

METHODOLOGY OF APPROACH 

 

EBOSS uses a Fuzzy Logic Control 

System to maintain and regulate the degree a 

design goal effects the output values.  In 

contrast to Boolean logic, the truth values of a 

variable may be any real number between 0 

and 1. (Dounis, 2009) This produces a form of 

many-valued logic that allows for a larger 

range of results.  The weights added to each 

rule can regulate the amount to which a rule 

affects the output values.  Rule weightings can 

be based on priority or reliability.  This system 

also allows for weightings to be either static or 

changed dynamically.  An example would be if 

the building wished to focus on reducing 

energy use for the day, it can lower the weight 

for temperature similarity to produce results 

that focuses on developing a set of systems 

that would use the least amount of energy. 

 

  

Fig. 30 Diagram and chart representing the values in the goal space and their ranking based off the Fuzzy Logic 
System  

Fig. 29 Diagram of the values in the goal space that will be 
used for the Fuzzy Logic System 
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FUZZY LOGIC CONTROL SYSTEM 

PROCESS OF SCRIPTING 

  

EBOSS’s grasshopper script for the Fuzzy Logic Control System takes the quantifiable, 

remapped values produced through the genetic comparison of temperature and energy consumption and 

multiplies them by the previously determined input values of weights. (Dounis, 2009) 

Ex.  Fuzzy Logic System (Date) = (Temperature rank * 0-1 Weight) + (Energy rank * 0-1 Weight) 

Fuzzy Logic System (October 7th 2015) = (100 * 1) + (98.38 * 1) = 198.38                                 

Temperature Similarity Weight = 100%  and  Energy Consumption Comparison Weight = 100%               

or                                                                                                                                                                 

Fuzzy Logic System (October 7th 2015) = (100 * .5) + (98.38 * 1) = 148.38                                    

Temperature Similarity Weight = 50%  and  Energy Consumption Comparison Weight = 100% 

This process of many-valued logic allows for the user of EBOSS to easily change the outcomes 

dynamically without additional costs to computing.  After EBOSS calculates the results from the Fuzzy 

Logic Control System, they are then sorted through the “sort list” component to retrieve the potential 

solution with the highest figure of merit, or the most optimized solution. (Gupta, 2016) 

Fig. 31 Grasshopper script of the weights being applied in the Fuzzy Logic System 
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OUTPUTS 

The outputs of EBOSS are generated through the optimal genetic code found through the Fuzzy 

Logic System.  This code allows for the easy retrieval of the ideal past date’s temperature, energy 

consumption, and window operations.  This information will better inform the user on which systems to 

use for the next day in response to the weather forecast. 

 EBOSS also takes advantage of its plethora of data by giving its users access to every value that 

influenced design decisions.  These values include lists of the potential solutions’:  genetic codes, dates, 

temperature, genetic strength of temperature, genetic comparison of energy consumption, the minimum 

and maximum temperatures within the goal space, the minimum and maximum energy consumption 

within the goal space, the calculations from the Fuzzy Logic System, and the culling list for removal of 

errors. 

Fig. 32 Grasshopper script showing the available outputs provided by EBOSS 
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SOLUTIONS 

 

EBOSS produced two categories of solutions when looking at the process of night flushing.  The first 

being days where night flushing was not preformed and should have.  The second being days where 

night flushing was preformed and should not have. 

June 3rd was a case of a 

suboptimal day where night flushing 

was needed.  Due to the previous 

day’s temperature only reaching 68 

degrees, the Bullitt Center’s rule 

based system for window operations 

deemed that the process was 

unneeded.  June 3rd would have 

instead been a perfect candidate for 

night flushing with a maximum 

temperature of 83 degrees. 

April 2nd was a case of a 

suboptimal day where night flushing 

was not needed.  Due to the 

previous day’s temperature 

reaching 70 degrees, the Bullitt 

Center’s rule based system for 

window operations deemed that the 

process was needed.  Instead,   

April 2nd should not have performed 

night flushing with a maximum 

temperature of only 62 degrees.  

Fig. 33 Graph of June 3rd’s temperature and energy consumption 

Fig. 34 Graph of April 2nd’s temperature and energy consumption 
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The resulting day of July 28th was produced as the best solution after placing the suboptimal day of 

June 3rd into the EBOSS program.  Through the calculations of temperature similarity and energy 

consumption, July 28th was deemed as a more appropriate set of building systems for the day’s weather 

conditions. 

These two days have a similar temperature profile, but differ greatly in the systems being used.  The 

suboptimal day of June 3rd did not perform night flushing due to the previous day’s max temperature only 

being 68 degrees.  This oversight due to changing weather resulted in June 3rd having an energy use of 

254 kWh, a surplus being used to actively cool the building. When compared to the optimal day of July 

28th, where night flushing was preformed, energy consumption is much lower at 156 kWh.  These results 

show that there is a potential savings of 98 kWh on June 3rd, or 39%, if the same systems were used as 

July 28th. 

Fig. 35 Graph of June 3rd’s results when compared to an optimized day of July 28th  
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The resulting day of September 27th was produced as the best solution after placing the suboptimal 

day of April 2nd into the EBOSS program.  Through the calculations of temperature similarity and energy 

consumption, September 27th was deemed as a more appropriate set of building systems to be used for 

the day’s weather conditions. 

These two days have a similar temperature profile, but differ greatly in the systems being used.  The 

suboptimal day of April 2nd performed night flushing due to the previous day’s max temperature being 70 

degrees.  This oversight due to changing weather resulted in April 2nd having an energy use of 311 kWh, 

a surplus being used to actively heat the building after it had just preformed precooling. When compared 

to the optimal day of July 28th, where night flushing was not preformed, energy consumption is much 

lower at 122 kWh.  These results show that there is a potential savings of 189 kWh on April 2nd, or 61%, if 

the same systems were used as September 27th. 

Fig. 36 Graph of April 2nd results when compared to and optimized day of September 27th  
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MACHINE LEARNING 

 

EBOSS can maintain a building as an 

intelligent system through the process of 

machine learning.  The use of an Artificial 

Neural Network allows for the system to 

develop over time as data is continuously 

augmented and the optimized results become 

available as later possible solutions. 

 The database of past solutions has 

the potential to grow in size.  If data is 

continuously being processed and recorded, 

EBOSS will evolve over time as it searches 

and tests different sets of systems for different 

scenarios of environmental conditions.  

Fig. 37 Diagram of the process of machine learning 
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EBOSS CONCLUSION AND POSSIBILITIES 

 

 EBOSS preformed calculations for 16 days of suboptimal systems usage (appendix).  Within these 16 

days, there was a total of 5 days where the process of night flushing should have been used and 11 days 

where the process of night flushing should not have been used.  If EBOSS had operated the Bullitt 

Center’s window operations for the 5 days that needed night flushing, there could be a potential reduction 

of energy use by 575 kWh over those 5 days, or an average of 41%.  This means there will be a 

consequence of 41% additional energy use each time the Rule Based System fails and does not use 

night flushing.  Likewise, if EBOSS was used for the 11 days that did not need night flushing, there could 

be a potential reduction of energy use of 1742 kWh over those 11 days, or an average of 47%.  This 

produces a consequence of 47% additional energy use each time the Rule Based System fails and uses 

night flushing when it is not needed.  EBOSS demonstrates that it can reduce energy consumption by 

avoiding oversights and environmental control errors found within the Rule Based System. 

 EBOSS has only been tested on the Bullitt Center, a high-performance office building located in a 

temperate marine climate, with cool, rainy winters and mild, dry summers.  This tool could also be utilized 

for many different typologies of architecture and different climates as long as data is being recorded and 

occupation can be predicted.  Programs types like schools, hospitals, and hotels that have regular 

occupation schedules could use EBOSS to better maintain systems. 
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