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Executive Summary 

 Part 1 of this report utilizes energy simulation software, Trane TRACE, to estimate the loads of 

the David H. Koch Institute.  The energy model constructed in this program was based off information 

found in the design documents to most accurately simulate the building conditions.  In the event that 

information was not readily available in the design documents, rule of thumb values taken from AHSRAE 

Handbook of Fundamentals and approximations were assumed. 

 The resulting loads generated by the simulation software were found to be similar to the project 

design loads.  Discrepancies and variance from the design values was for the most part due to 

assumptions during the modeling procedure.  The estimated heating load varied the most from the 

design load which could have been a result of many things.  By omitting the hydronic system that is 

designed to alleviate high intensity loads from the model, this placed excessive loads on the 100% 

Outdoor Air System.  This coupled with assumptions made during fan selection led to a high amount of 

heat gain from the fans, rendering all other heating loads minute. 

 Part 2 of this report analyzes the energy consumption of the building and all of its components.  

The estimated loads from Part 1 were divided up among the various building systems and were turned 

into energy consumptions in kWh.  Utilizing regional utility rates and emission factors, these fractional 

consumptions were then used to generate annual operational building cost and emissions footprint.   

 The cost per square foot of the building was found to be $1.27 which is reasonable.  It is a bit 

low considering the equipment loads generated in a laboratory building, yet this may also be attributed 

to the abnormally low heating load.  Also, the 7th floor that was omitted from the model contains many 

high load intensity spaces that would bring the cost per square foot closer to its expected value. 

 It is important to note that the following report is based on a simplified energy model.  Though 

the majority of the data was retrieved from the design documents, the complexity of the spaces and 

systems could not be precisely modeled within the time constraints of this project. 
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Assumptions 

Energy Simulation Program 

 The energy analysis that is evaluated throughout this report was performed in Trane Air 

Conditioning Economics (TRACE) 700H.  To accurately simulate the n necessary.  A large portion of the 

design criteria entered into TRACE was available in the design documents themselves.  Information 

regarding the building envelope was provided to the engineers by the Architect Ellenzweig. 

 The TRACE model constructed for the purpose of this report is limited in detail due to the 

complexity of the design and time restraints of the project.  Therefore, to model the building in an 

accurate manner a block load approximation method was utilized, dividing the building into perimeter 

and interior zones.  To estimate accurate peak and yearly design loads, information from the design 

documents was thoroughly analyzed and entered into TRACE.  The following sections of the report 

describe in depth the data entered into TRACE, as well as the methods utilized to attain this data 

accurately. 

Outdoor and Indoor Design Conditions 

 The weather data entered into Trace was taken from ASHRAE Weather Data as well as d by the 

design engineers.  The Koch Institute is located in Cambridge, Ma and the following data was entered 

into Trace. 

 

 

 

  

Figure 1 – Outdoor Design Conditions 

 

Figure 2 – Indoor Design Conditions 
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Airflow 

 Two separate airflow templates were created for the TRACE Model, one for the Corridor/Lobby 

zones and the second for all other zones.  They differ in the Ventilation, where Corridor/Lobby assumes 

0.5 cfm/ft2 (heating and cooling) and the remaining spaces receive 100% Clg. Airflow. Both templates 

assume: 

 Neutral, Tight Construction  

 VAV minimum rate of 30% Clg. Airflow 

 

Building Construction 

 

 

 

 

  

Figure 3 – Slab, Roof, Wall and Partition Construction 

 

Figure 4 – Heights 

 

Figure 5 – Glass Types and Associated U-Value’s 
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Block Load Approximation - Method & Procedure 

The Koch Institute is comprised of a variety of office spaces, biology labs, engineering labs, lab 

support, conference rooms, lobby spaces and a multitude of public spaces.  Therefore, to properly 

model the 360,000 GSF building, a detailed analysis of the distribution of these spaces throughout the 

building levels was performed.   

 

During this procedure it was noticed 

that Level 2-6 followed similar layouts and could 

be modeled as one typical floor in TRACE.  Level 

1 does not share this layout and therefore was 

modeled separately.  Level 7 is a very complex 

vivarium space served by its own two air 

handling units AHU 4 & 5.  Due to complexity 

and time constraints this floor was not modeled 

in TRACE.  It was noted however that the 2 

factory built-up air handling units that serve 

Level 7 are the same size as the 8 AHU’s that 

serve Levels 1-6.  Therefore, the missing load 

can be approximated based off the results of 

this simulation.    

 

The Levels were broken up into perimeter, interior and corridor/lobby zones for evaluation.  In 

the following figures, blue depicts the Corridor/Lobby zones, red depicts the Interior zones and green 

depicts the Perimeter zones.  Interior zones were split into east and west following the east and west 

shaft design through which these areas are served by their respective air handling units. 

 

 

  

Figure 6 – Full Building Zone Profile 
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The figures above are diagrammatic views of 

the zones created in the TRACE Model for this design 

load evaluation.  Down the left column, Figures 7, 8 

& 9 portray the Level 1 zones as they are in the 

Model.  Down the right column, Figures 10, 11 & 12 

depict the Level 2-6 typical zone distribution. 

 The Table to the left shows the breakdown of 

these zones.  Here the TRACE Template can be 

matched with the full name of each zone. 

 

Figure 7 – Interior Corridor/Lobby Zone – Levels B-l 
1 

 

Figure 8 – Interior East and West Zones – Levels B-1 

 

Figure 9 – All Perimeter Zones – Levels B-1 

 

Figure 12 – All Perimeter Zones – Levels 2-6 

 

Figure 11 – Interior East and West Zones – Levels 2-6 

Figure 10 – Interior Corridor/Lobby Zones – Levels 2-6 

Figure 13 – Zone list with Trace Template Names 
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When performing block load estimations, it is imperative to ensure that critical spaces within each zone are not overlooked.  To most 

accurately decide on internal load characteristics for each zone, a breakdown of the spaces within each zone was created.  Figure 14 below is a 

sample of the 1st Floor West Perimeter zone.  (All other zone breakdowns can be found in Appendix B) 

The areas of each “Space Type” were then added up 

producing a breakdown of the West Perimeter Zone’s area.  A 

sample of a zone breakdown is shown in the bottom left Figure 15.   

As you can see in Figure 16 the “Density (People)” column 

was calculated for each “Space Type” and summed. The “Heat 

Gain” and “Energy” columns are weighted by the “% Zone Area” 

column, producing values representative of the spaces within the 

West Perimeter Zone.  These values were then summed to specify 

accurate internal load characteristics for the zone.  The values 

entered into TRACE are shown to the right in Figure #.  This method 

was performed for every individual zone to ensure accuracy 

throughout the model.  All other tables can be found in Appendix B. 

 

 

Figure 16 – Internal Load Values Entered into Trace 

 

Figure 15 – Sample Zone Space Breakdown and Internal Load Determination Method 
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System 

The roof was not entered into the TRACE model based on the following condition: 

 The large penthouse located on the building generates large amounts of heat leaves very little roof area 

above conditioned spaces, therefore rendering conduction through the roof negligible. 

The air handlers shown in red are the 2 air handling units that serve the 7th Level vivarium space, 

which were omitted from the TRACE Model.   Therefore the goal of this model was to best simulate the 

energy consumption of remaining 8 units that serve the Basement through 6th Level.  Together these 

units provide 200,000 cfm of conditioned air to the seven levels.  The individual floor distribution of this 

air all stems from the two main ducts running down the East and West shafts.   

 

 

 The air handlers modeled follow the same nomenclature as the designed units depicted above 

in Figure 17.  For organizational purposes the zones were assigned to AHU’s based on their location 

relative to each shaft.  For example, the West Perimeter Zone on all levels has been assigned to AHU-3 

because those zones are designed to be served via the West Shaft. 

  

Figure 17 – Air Riser Diagram Representation 
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Design vs. Estimate Comparison 

Ventilation and Cooling Capacity 

 

 

 The The individual air handling units estimated and designed do not match due to the assumed 

zone assignments during the construction of the TRACE model.  The design system serves all floors 

through common ducts, combining the capacities of the 8 units to meet the load.  Therefore, a better 

comparison can be seen below in Figure 19.  This shows that the cfm, tons and MBh of the estimate is 

fairly close to that of the design, especially with the number of assumptions made in the construction of 

the TRACE model.  Time permitting, more detailed area calculations as well as the addition of the 

basement and roof conduction loads would help to bring the estimated values closer to the designed.  

 

  

Figure 18 – Modeled Air Handling Units vs. Designed Air Handling Units 

 

Figure 19 – Sum of 8 AHU Characteristics (Modeled vs. Design) 
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The estimated supply air cfm/ft2 is within 1% of the design because it was driven by the 

ventilation in this case, which was modeled precisely to meet the design documents.  The values for 

cooling cfm/ton and ft2/ton are roughly 20% higher than the design.  The discrepancy in the floor area 

could be driving these values apart due to some initial area tabulation error. 

 

Figure 21 shows the breakdown of estimated energy consumption throughout the Koch 

Institute.  The estimation appears to be reasonable in all areas except the Primary Heating Load.  The 

low heating load could be a result of the assumption to not model a roof or basement walls which would 

drive the conduction losses up, increasing the heating load.  There is also a large amount of heat 

produced by the fans that is included in the model that in reality exits through the penthouse and does 

not aid in heating the modeled zones.  Heating load is expected to be a smaller load than cooling in a 

100% Outdoor Air System as a result of high latent loads during the summer months, which remains 

consistent in this estimation.   

A research facility of its magnitude is expected to have a high equipment load, which is modeled 

above as a 39% receptacle load.  The 100% outdoor air cooling system is also anticipated to produce 

large cooling loads.  The Supply Fans and Primary Cooling load fractions make up the total cooling load 

for this 100% outdoor air cooling system.  This represents 44% of the total building energy consumption 

which is high, yet the heat pipe system was not modeled.  This preconditioning of the outdoor airstream 

would reduce this load significantly. 

 

Figure 20 – Engineering Check Comparisons 

 

Figure 21 – Estimated Energy Consumption Summary 
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Monthly Consumption 

 

 

 Figure 22 shows the monthly electric consumption in Mega Watts estimated by the TRACE 

energy model.  The consumption peaks during the summer months as anticipated.  The high 

dehumidification loads on the 100% Outdoor Air System during these months coupled with the solar 

gain and internal loads.  Figure 23 illustrates the water used by the mechanical systems per month for 

one calendar year.  The volumes are shown in thousand gallons, peaking in July at 5,153,000 gallons. 

 

 

  

Figure 22 – Monthly Electricity Use 

 

Figure 23 – Monthly HVAC Water Consumption 
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MIT’s cogeneration plant utilizes a 25MW Combustion Turbine Generator.  This generator 

provides 80% of the electricity consumed by the campus.  The turbine runs on Natural Gas purchased 

from NSTAR based on a large commercial service rate (G-43).   

 

 To estimate the energy cost incurred on the University the monthly energy consumption was 

exported from TRACE.  Electric energy consumption was converted from kWh to Therms and added to 

the Purchased Steam.  The estimated total yearly energy consumption is roughly $460,000.  No utility 

bills are available yet because the building is not yet operable so a baseline consumption cost is not 

known.   

The cost of natural gas is very low based on this rate which lowers the energy consumption cost 

considerably.  The energy plant specifics were not available so rough approximations were made in the 

TRACE model which would vary the consumption.  A hydronic system is responsible for many high 

intensity load areas such as equipment rooms and cold rooms throughout the building which was not 

modeled in TRACE.  Figure 25 below provides a breakdown of the annual cost to provide energy to all 

major end users. 

 

Figure 24 – Energy Cost Analysis Table 

 

Figure 25 – Fractional Energy Consumption 
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Emissions 

 

 

 Figure 26 demonstrates the estimated building emissions profile based on data taken from the 

Source Energy and Emission Factors for Energy Use in Buildings provided.  To calculate the amount of 

Natural Gas consumed annually, the therms were converted to m3 Natural Gas (therm*0.36) and then 

divided by 1000, leaving the desired units for the pollutant calculation. 

Summary 

 The above analysis is a simplified estimation of the Koch Institute’s energy consumption.  Many 

assumptions were made in the construction of the TRACE energy model due to time constraints and 

availability of the building and campus system specifics.  All assumptions are limited to the data 

contained within the design documents and discussions with the design engineer.  Small changes in the 

criteria entered into TRACE can affect the levels of consumption considerably due to the scale of the 

project. 

 The design engineers conducted a similar energy analysis in TRACE yet a detailed model was 

conducted by an outside party.  Results from this analysis were not readily available at the time of this 

report, and therefore the two have not been compared.  The building is not yet operable and therefore 

utility bills do not yet exist for comparison.  Overall, the estimated costs are within reason based on the 

efficiency of the Campus Cogeneration Plant and the low cost Natural Gas. 

  

Figure 26 – Building Emissions Footprint Analysis 
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Internal Load Assumptions 
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Internal Load Estimation – Perimeter Zones – Level 1
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Internal Load Estimation – Interior Zones – Level 1 
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Internal Load Estimation – Corridor/Lobby Zones – Level 1 
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Internal Load Estimation – Perimeter Zones – Levels 2-6 Typical
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Internal Load Estimation – Interior Zones – Levels 2-6 Typical
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 Internal Load Estimation – Corridor/Lobby – Levels 2-6 Typical 
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Airflow Templates 

 

 


