
 

  

   

Broad Institute Expansion : 
Cambridge, Massachusetts 

Technical Report Two : 
[Building and Plant Energy     

Analysis Report]   

 

 

 

 

 

 

 

 



 
 

Nathaniel J. Mooney Mechanical Dr. William Bahnfleth Technical Report Two 10/12/12 1 

 

2012 
The Broad Institute Expansion 

75 Ames Street 

Table of Contents 

Executive Summary ___________________________________________________________ 2 

Mechanical System Overview ___________________________________________________ 3 

Building Load Calculations ______________________________________________________ 4 

Design conditions __________________________________________________________________ 4 

Model design _____________________________________________________________________ 5 

Load assumptions __________________________________________________________________ 5 

Occupancy _______________________________________________________________________ 5 

Ventilation _______________________________________________________________________ 5 

Lighting and Equipment Electrical loads ________________________________________________ 6 

Construction ______________________________________________________________________ 7 

Schedules ________________________________________________________________________ 7 

Calculated Load vs. Design Load Analysis _______________________________________________ 7 

System Energy Consumption and Cost ____________________________________________ 8 

Fuel Costs ________________________________________________________________________ 8 

Results___________________________________________________________________________ 8 

Emissions __________________________________________________________________ 11 

Conclusion __________________________________________________________________ 15 

Works Cited ________________________________________________________________ 16 

Appendix A _________________________________________________________________ 17 

Appendix B _________________________________________________________________ 18 

Appendix C _________________________________________________________________ 21 

Appendix D _________________________________________________________________ 23 

 

 

 

 

 



 
 

Nathaniel J. Mooney Mechanical Dr. William Bahnfleth Technical Report Two 10/12/12 2 

 

2012 
The Broad Institute Expansion 

75 Ames Street 

Executive Summary 
 

For Technical Report two the total building energy usage and cost was estimated using 

Trane Trace 700 on 75 Ames Street, a new high-rise in Cambridge Massachusetts 

containing labs, research and development, office and retail space. 75 Ames first 11 

floors contain the offices, labs and retail, on the 12th floor is a vivarium. The total area is 

approximately 550,000 sf . 

The TRACE model 700 model calculated a total heating load of 770,900 btuh and a 
cooling load of 2530.1 tons. The heating loads are greater than the cooling loads which 
makes since seeing as Massachusetts is a mostly cold place. But through further analysis 
of the load there seems to be an error in the heating value when compared to the 
engineers design.  This is apparent when the 150,597 therms of natural gas needed for 
heating is compared with the 348,500 therms called for by the design engineers at 
BR+A. Cooling loads capacity per SF also seemed a bit high when compared to rules of 
thumb for office cooling loads having values of .95 and .98 tons/SF. 
 
The Trace model came to within 8% of the total energy cost of electricity and natural gas 
consumption. Electricity estimation was very close with 8,954,124 kWh coming within 
.21% of the price determined by the mechanical engineers. Again the mistake in natural 
gas consumption is the reason for that 8% difference.  The yearly bill calculated by trace 
came out to be $2,040,282.41 making the cost per square foot only $6.98 dollars.  
 
The dilemma with the natural gas consumption is going to have to be investigated, and 
solved moving forward. Much can still be learned from this report. And may be looked 
back on as a reference to future assignments to see where a majority of the costs are 
incurred for the electrical consumption.  

Building Overview 
 

75 Ames Street is a new 250,000 sq. ft., 15-story high-rise addition to Kendal Square in 

Cambridge, Massachusetts (figure1 below). This building is designed to bring together the 

multiple Broad institute offices around the Cambridge area into one location attached to their 

main office at 7 Cambridge Center.  

 

This structure is set to finish the Ames Street frontage and add to the current pedestrian walk 

space. This is done with a new pedestrian entrance to a 5 floor garage attached to Ames Street 

as well as 4000 sq. ft. of retail and restaurant space on the ground floor. The primary design is 

for offices and research & development labs which use a majority of the area. Some other 

notable areas of the 75 Ames are a vivarium on the 12th floor and 3 mechanical rooms making 

up the penthouse.  
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The exterior is mainly composed of a mixture of stone, terra cotta, Viracon vision glass and 

spandrel glass. The penthouse is primarily constructed of aluminum louvers and metal panels. 

The front façade adds to the vibrant community on Ames Street while the other three facades 

connect 75 Ames to the current Broad Institute main office next door at 7 Cambridge Center. 

 

 

Figure 1: A look at the location of 75 Ames Street in Cambridge (courtesy of ELKUS|MANFREDI ARCHITECTS)  

 

Mechanical System Overview 
 

Four 115,000 CFM 100% outside air, air-handling units are located inside the mechanical rooms 

on M1, M2 and M3, supplying the basement through level 11. A fifth 100% outside air, air 

handler is located on M3 serving the vivarium on level 12. Two 230,000 CFM dedicated exhaust 

air handling units located on the roof exhaust through 8 air induction nozzles roughly 28 feet off 

the roof. 

Level M2 hosts the heating plant consisting of two 500 BHP preheat fire tube boilers, four 120 

BHP Reheats with one standby, two 215 BHP MPS boilers for humidification and process steam 

loads, and finally a pressure reducing LPS for humidifiers. Also on M2 is the chiller plant 

consisting of three 1000 ton chillers for air cooling air handing units 1 through 4 and two 450 ton 

chillers to serve vivarium (AHU-5) and fan coil units which serve freezer rooms, tel/data, 

electrical, and the penthouse for spot cooling. Each chiller has a corresponding cooling tower 

located on the roof.   

The ducting on each floor was taken with future floor plan changes in mind. In order to achieve 

this, air-handling units 1 through 4 each connect to a main ring on each floor. This can be seen in 

the following figures 2 & 3 which show the supply and exhaust duct respectively.  These rings 

then supply air to each zone on their floor. Since they are serving both labs and offices together 
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return air cannot be utilized since labs call for 100 % outside air. The only return air used in this 

building is 16000 CFM of air from the connector of 75 Ames Street to 7 Cambridge Center to 

level M1. 

 

   Figure 2: Dedicated Exhaust Ductwork           Figure 3: Supply Air Ductwork 

 

 

 

 

 

 

 

 

 

 

Building Load Calculations 
 

Using Trane TRACE 700 a building energy analysis was conducted for 75 Ames Street. Heating, 

cooling and energy usage were all found. Information for the model was obtained through 

construction documents, specs, and reports provided by the mechanical engineer, BR+A. The 

various assumptions, schedules, and design conditions for this model can be found below. 

 

Design conditions 
Cambridge is located in ASHRAE weather region 5A. This weather data is used by TRACE when 

Boston Massachusetts is selected for the weather information. These weather inputs can be 

found in appendix A. The interior design temperature and humidity as specified by the engineers 

at BR+A may be found in Tables 1 & 2 below. 
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Table 1 

Space 
Temperature 

Winter (F) Summer (F) 

Office/Conference/Lobby 72 75 

Labs 72 75 

General Spaces 72 75 

Vivarium 68-75(ADJ) 68-75(ADJ) 

Shell/Mech./Elec. Spaces 60 Ventilation Only 

Loading Dock 60 Ventilation Only 

 

Table 2 

Space 
Humidity 

Winter (%RH) Summer (%RH) 

Office/Conference/Lobby 25 (+/-5) 50 (+/-5) 

Labs 25 (+/-5) 50 (+/-5) 

General Spaces 25 (+/-5) 50 (+/-5) 

Vivarium 25-40 (+/-5) 50 (+/-5) 

 

Model design 
For design purposes air handlers one, two, three and four were modeled as one 460,000 CFM 

unit that serves the basement through to the 11th floor.  Zones were decided by the similarity 

and proximity of rooms and the VAV boxes serving them.  

Load assumptions 
Room areas were exported from a Revit model of 75 Ames and small/unnecessary spaces were 

not included. Exterior wall and window areas were calculated using Revit and the construction 

drawings. U-values for exterior materials were found in the specifications. Each exterior area 

and material was added to the appropriate room.  

Occupancy 
Occupancy values were not directly given for spaces. So values were taken from ASHRAE 

Standard 62.1-2010. These values can be found in Appendix B. 

Ventilation 
75 Ames is set at 100% outside air for all spaces due to a ganged duct design which supplies 

both the labs and offices. Even with this fans still must maintain a minimum occupied and 

unoccupied ventilation rate to maintain occupant’s safety. These ventilation rates can be seen in 

table 3 below along with the rooms requiring 100% outside air.  
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Table 3 

Space %OA Min ventilation 

Labs 100 6-12 ACH 

Tissue Culture Rooms 100 8-15 ACH 

Office Area  20 CFM/Occupant 

Auditorium/Seminar/Conf./Class  15 CFM/Occupant 

Cagewash/Glasswash/Bottlewash 100 15-20 ACH 

Equipment/Instrument Rooms 100 10-20 ACH 

Animal Rooms 100 10-15 

Animal Imaging  20 CFM/Person 

Toilet/Janitor/Darkroom/Locker 100 10 ACH (Exhaust) 

Mech. Spaces 100 2 ACH 

  

Lighting and Equipment Electrical loads 
 Lighting and miscellaneous loads were both detailed in the design documents for 75 Ames.  

These loads are given in watts per square foot in table four below. For area not given a reasonable 

estimate was made by looking at ASHRAE 90.1 and the design documents.  For rooms with large 

equipment the equipment specifications were examined to find the watts needed to operate.  

Table 4 

Space 
Loads 

Lighting (Watts/SF) Misc./Equipment (Watts/SF) 

Labs 2  10 Watts/SF 

Tissue Culture Rooms 2  20 

Office Area 1.2  2 

Auditorium/Seminar/Conf./Class 4  2 

Cagewash/Glasswash/Bottlewash 2  Per equip. cuts 

Equipment/Instrument Rooms 2  40 

Animal Rooms Not given Not given 

Animal Imaging 2  Per manufacturer 

Toilet/Janitor/Darkroom/Locker 1.5 1 

Mech. Spaces Not given Per equip. cuts 
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Construction 
Templates were designed in trace to act as the different facades of 75 Ames. Below Table 5 

shows the various U values and shading coefficients. Vertical Glazing makes up nearly 40% of 

the building’s exterior with no exterior shading, this could result in very high loads in perimeter 

rooms bringing up the yearly cooling and heating loads on the building 

Table 5 

Construction U-value Btu/h-ft2-F Shading Coefficient 

Exterior Wall 0.083  

Roof 0.05  

Floor 0.15  

Windows 0.29 0.44 

 

Schedules 
Three main schedules were utilized in TRACE for the modeling of 75 Ames. Those schedules are 

lighting, miscellaneous and people. Since this is primarily an office/lab most activity occurs 

during normal work hours and the building load will significantly decrease at night.  The 

schedules used can be found in Appendix C. 

Calculated Load vs. Design Load Analysis 
After running the model the system checksums sheet was used to analyze the heating and 

cooling airflows, along with the total heating and cooling coil capacities.  System Checksums can 

be found in appendix D.  A standard value of cooling capacity was found for an office building 

but none could be found for a lab so the lab is substituted with a hospital.  As can be seen by 

table 6 below, the cooling capacity falls well above the standard for an office and just above that 

of a hospital. This could be a result of a large amount of glazing utilized by the building.  

Table 6 

  
Area 

Supply Air Per Unit 
Area (CFM/SF) 

TOTAL CFM Capacity Per Area Total (tons) 

  Cooling Heating Cooling Heating 
Heating 

(Btuh/sf) 
Cooling 

(tons/SF) 
Heating Cooling 

Calculated 
AHU
1-2-
3-4 

244,902 1.608 0.4217 393,868 103283 15.86 .0095 388,300 2,325.4 

 
AHU-

5 
20,817 1.57 0.538 32,716 11,199 18.379 .0098 382600 204.7 

Standard for 
office 

  0.25 - 0.9     
.00278-

.005 
  

Standard for 
hospitals 

  
0.33 - 0.67 

 
    .003-.006   
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System Energy Consumption and Cost 
In this report Trane TRACE was also used to calculate the use of electricity and gas for a typical 

year. Through this energy consumption the yearly operating cost is also found. This data is then 

compared to an E-quest report by BR+A containing the same information.  

Fuel Costs 
The following energy costs are real estimates per Massachusetts’s average pricing.  

Table 7 

Utility Rates 

Electricity $0.201  Per kWh 

Natural Gas $1.597 Per Therm 

 

Results 
The Trace model predicted electricity, total cost per year and cost per square foot relatively 

accurately. One main problem in the design was an under estimate of the natural gas usage by 

over 50%. This is clearly shown below in table 8 and figures 9 & 10.  

Table 8 

  
Electricity 

(kWh) 

Natural 
Gas 

(Therms) 

Electricity 
Cost Per Year 

Natural Gas 
Cost Per 

year 

Total Cost per 
Year 

Cost Per 
Square Foot 

TRACE 8,954,124 150597.05 $1,799,778.92  $240,503.49  $2,040,282.41  $6.98  

BR+A 8,973,000 348,500 $1,803,573.00  $556,554.50 $2,360,127.50  $7.57  

Difference 
(%) 

0.21036443 56.78707 0.210364427 56.78707317 13.55202578 7.772873269 

 
Below in figures 7 and 8 is a breakdown of the monthly electricity consumption in a bar chart. 

Figure 7 is from the mechanical engineers at BR+A and totals consumption per month with a 

breakdown of where the load comes from.  As seen by the graphs the energy consumption per 

month is relatively similar. Further below is the gas energy consumption figure 9 being BR+A’s 

model and 10 being the Trace model. In comparing these two graphs it is evident where the 

severe lack in gas consumption from the trace to BR+A’s model. Heating demand for the Trace 

model in May, June, July, August, September, and October are all nearly nonexistent. This 

problem was attempted to be solved but no method has worked as of yet. Possible reasons for 

this drastic difference could be a bad template, or missing equipment. 
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Figure 4 

 

 

 

 

 

Figure 5 
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Figure 6 

 

 

 

 

Figure 7 
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Below in Figure 11 is a graph of the cooling and heating profiles. It is clear here that heating is 

dominating the winter months and cooling takes over in the hotter months as expected.  

 

Figure 8 

Emissions 
 

In order to find the building’s carbon footprint using emissions profiles is suggested. Emission 

rates per electricity consumed are found using the National Renewable Energy Laboratory’s 

report on Source Energy and Emission Factors for Energy Use in Buildings. These factors take 

into account electricity delivered (table 9), fuel delivered (table 10) and on site fuel combusted 

(table 11) can be found in the following tables.  The last two figures (table 12 and figure 9 show 

the total pollutant output per year.  
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Table 9 

Total Emission Factors for Delivered Electricity (lb of Pollutant 

per kWh of Electricity) 

Pollutant (lb) 
Eastern 

factor 

Electrical 

consumption per 

year (kWh/year) 

Total 

Pollutants 

[lbs/year] 

CO2e 1.74E+00 8,954,124 15580175.76 

CO2 1.22E+00 8,954,124 10924031.28 

CH4 3.51E-03 8,954,124 31428.98 

N2O 2.97E-05 8,954,124 265.94 

NOX 1.95E-03 8,954,124 17460.54 

SOX 6.82E-03 8,954,124 61067.13 

CO 5.46E-04 8,954,124 4888.95 

 TNMOC 6.45E-05 8,954,124 577.54 

Lead 8.95E-08 8,954,124 0.80 

Mercury 1.86E-08 8,954,124 0.17 

PM10 6.99E-05 8,954,124 625.89 

Solid Waste 1.39E-01 8,954,124 1244623.24 
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Table 10 

Pre combustion Emission Factors for Fuel Delivered 
to Buildings (lb pollutant per unit of fuel) 

Pollutant 
(lb) 

Eastern 

Fuel per 
1000 cubic 

feet natural 
gas 

Total 
Pollutants 
[lbs/year] 

CO2e 2.78E+01 10044.82324 279246.0859 

CO2 1.16E+01 10044.82324 116519.95 

CH4 7.04E-01 10044.82324 7071.56 

N2O 2.35E-04 10044.82324 2.36 

NOX 1.64E-02 10044.82324 164.74 

SOX 1.22E+00 10044.82324 12254.68 

CO 1.36E-02 10044.82324 136.61 

TNMOC 4.56E-05 10044.82324 0.46 

Lead 2.41E-07 10044.82324 0.00 

Mercury 5.51E-08 10044.82324 0.00 

PM10 8.17E-04 10044.82324 8.21 

PM-
unspecified 

1.42E-03 10044.82324 14.26 

Solid 
Waste 

1.60E+00 
10044.82324 

14.26 

 

Table 11 

Table 8 Emission Factors for On-Site Combustion in 
a Commercial Boiler (lb of pollutant per unit of 

fuel) 

Pollutant 
(lb) 

natural 
Gas 

Fuel per 
1000 cubic 

feet natural 
gas 

Total 
Pollutants 
[lbs/year] 

CO2e 1.23E+02 10044.82324 1235513.258 

CO2 1.22E+02 10044.82324 1225468.43 

CH4 2.50E-03 10044.82324 25.11 

N2O 2.50E-03 10044.82324 25.11 

NOX 1.11E-01 10044.82324 1114.98 

SOX 6.32E-04 10044.82324 6.35 

CO 9.33E-02 10044.82324 937.18 

TNMOC 6.13E-03 10044.82324 61.57 

Lead 5.00E-07 10044.82324 0.01 

Mercury 2.60E-07 10044.82324 0.00 

PM10 8.40E-03 10044.82324 84.38 
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Table 12 

Total Pollutants ( lb/yeart) 
 

CO2e 17094935.1 

CO2 12266019.66 

CH4 38525.65 

N2O 293.41 

NOX 18740.26 

SOX 73328.16 

CO 5962.74 

TNMOC 639.57 

Lead 0.81 

Mercury 0.17 

PM10 718.48 

PM-
unspecified 

14.26 

Solid 
Waste 

1244637.5 

 

 

Figure 9 
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Conclusion 
 

75 Ames Street contains various different rooms with different loads due to occupancy, space 

type, and heat gain through exterior walls and windows. Building loads and energy simulations 

were obtained by setting specific values for each room in TRACE 700, and setting up the heating 

and cooling plants. Overall trace came out with a reasonable estimate for cooling loads but the 

heating load design conditions needs to be further examined to find out why the value differs so 

much from the mechanical engineers values. Even with that glitch the cost estimate for a year 

was still only 8% off of the designed value.   
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Appendix A 
 

Boston, Ma – TRACE Weather Conditions 
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Appendix C 
 

Utilizations schedule for people occupying office 

 

Utilizations for lights in an office 
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Utilization Of Ventilation for an Office 

 

 

 

 

Utilization Schedule for Misc. Loads in Office 

Start time End Time Percenage 

Midnight 7 a.m. 5 

7 a.m. 8 a.m. 80 

8 a.m. 10 a.m. 90 

10 a.m. Noon 95 

Noon 2 p.m. 80 

2 p.m. 4 p.m. 90 

4 p.m. 5 p.m. 95 

5 p.m. 6 p.m. 80 

6 p.m. 7 p.m. 70 

7 p.m. 8 p.m. 60 

8 p.m. 9 p.m. 40 

9 p.m. 10 p.m. 30 

10 p.m. Midnight 20 
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