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Project Site
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• Parallel to Main Street
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Project Site
• MIT Campus in Cambridge, Ma

• Parallel to Main Street

• Design provides a new quad for Campus

Architectural Features
• 360,000 GSF $190 million

• 7 Stories, Penthouse & Basement

• Transparent glass curtain wall facades

• Solar Shading on South Facade
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Project Site
• MIT Campus in Cambridge, Ma

• Parallel to Main Street

• Design provides a new quad for Campus

Architectural Features
• 360,000 GSF $190 million

• 7 Stories, Penthouse & Basement

• Transparent glass curtain wall facades

• Solar Shading on South Facade

Program
• Levels B-1 – Administrative Offices and Meeting Facilities

• Levels 2-6 – Research and Core Laboratories, Classrooms

• Level 7 - Vivarium
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Project Overview Project Overview

Project Site
• MIT Campus in Cambridge, Ma

• Parallel to Main Street

• Design provides a new quad for Campus

Architectural Features
• 360,000 GSF $190 million

• 7 Stories, Penthouse & Basement

• Transparent glass curtain wall facades

• Solar Shading on South Facade

Program
• Levels B-1 – Administrative Offices and Meeting Facilities

• Levels 2-6 – Research and Core Laboratories, Classrooms

• Level 7 - Vivarium

Project Goals
• House both Engineers and Cancer Biologists

• Achieve LEED Gold Certification
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Existing Mechanical Systems Existing Mechanical Systems

Air Supply
• 100% OA VAV Ventilation/Cooling System

• (10) 50,000 CFM  Factory Built-Up AHU’s

• (13) Packaged Modular AHU’s
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• 100% OA VAV Ventilation/Cooling System

• (10) 50,000 CFM  Factory Built-Up AHU’s

• (13) Packaged Modular AHU’s

Air Exhaust
• (10) 50,000 CFM Factory Built-Up EAHU’s

• Heat Pipe Heat Recovery Between Airstreams

• (18) Individual Exhaust Fans
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Air Supply
• 100% OA VAV Ventilation/Cooling System

• (10) 50,000 CFM  Factory Built-Up AHU’s

• (13) Packaged Modular AHU’s

Air Exhaust
• (10) 50,000 CFM Factory Built-Up EAHU’s

• Heat Pipe Heat Recovery Between Airstreams

• (18) Individual Exhaust Fans

Hot Water 
• 3 Heat Exchangers supply 180°F from LPS

• 4 Hot Water Pumps distribute the water

• Vivarium has a separate loop for redundancy
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Existing Mechanical Systems Existing Mechanical Systems

Air Supply
• 100% OA VAV Ventilation/Cooling System

• (10) 50,000 CFM  Factory Built-Up AHU’s

• (13) Packaged Modular AHU’s

Air Exhaust
• (10) 50,000 CFM Factory Built-Up EAHU’s

• Heat Pipe Heat Recovery Between Airstreams

• (18) Individual Exhaust Fans

Chilled Water
• 6,200 gpm 43°F CHW Supply from 24” Campus Loop

• Distributed between AHU’s, FCU’s & Chilled Beam

• 200 ton Water Cooled Rotary Screw Chiller (Vivarium)

Hot Water 
• 3 Heat Exchangers supply 180°F from LPS

• 4 Hot Water Pumps distribute the water

• Vivarium has a separate loop for redundancy
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Existing Mechanical Systems Existing Mechanical Systems

Cogeneration Plant
• ABB GT10A Combustion Generator Set

• 21 MW – Nominal Electrical Output

• 56 MW – Nominal Thermal Output

• Produces Steam for:

• Campus Supply

• Absorption Chillers
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Existing Mechanical Systems Existing Mechanical Systems

Cogeneration Plant
• ABB GT10A Combustion Generator Set

• 21 MW – Nominal Electrical Output

• 56 MW – Nominal Thermal Output

• Produces Steam for:

• Campus Supply

• Absorption Chillers

Utility Rates
• Natural Gas - $ 0.9861/therm

• Electricity - $ 0.00429/kWh
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Existing Design Loads Existing Design Loads

Peak Cooling Load
• 2,746 ton peak cooling load
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Existing Design Loads Existing Design Loads

Peak Cooling Load
• 2,746 ton peak cooling load

Peak Heating Load
• 9,588 MBH peak heating load
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Existing Design Loads

Peak Cooling Load
• 2,746 ton peak cooling load

Peak Heating Load
• 9,588 MBH peak heating load

Annual Energy Consumption
• Heating – 26.6 BTUh/ft2

• Cooling – 131 ft2/ton

• $19,600 /year HEATING

• $830,000 /year COOLING

• $860,000/year
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Redesign Goals & Objectives Redesign Goals & Objectives

Overall Goals
• Add renewable energy sources to the project

• Reduce the load on the Cogeneration Plant

• Increase Efficiency of Packaged AHU’s
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Heat Recovery Objectives
• Recover Energy from Individual Exhaust

• Utilize Recovered Energy to heat the stair shafts

Overall Goals
• Add renewable energy sources to the project

• Reduce the load on the Cogeneration Plant

• Increase Efficiency of Packaged AHU’s
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Redesign Goals & Objectives Redesign Goals & Objectives

Ground Source Heat Pump Objectives
• Provide CHW to Packaged AHU’s,

• Size system to fit in quad adjacent to building

Heat Recovery Objectives
• Recover Energy from Individual Exhaust

• Utilize Recovered Energy to heat the stair shafts

Overall Goals
• Add renewable energy sources to the project

• Reduce the load on the Cogeneration Plant

• Increase Efficiency of Packaged AHU’s
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Mechanical Depth – Run Around Heat Recovery Mechanical Depth – Run Around Heat Recovery

Available Airstreams
• 12 Exhaust Airstreams 

• Ducted to roof through the penthouse

• Targeted stair shafts 
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Mechanical Depth – Run Around Heat Recovery Mechanical Depth – Run Around Heat Recovery

Recoverable Energy
• 49,150 CFM Total

• Unknown Temps – Conservatively Assume 72°F

• Differing Coil Configurations compared to reduce ∆P

Available Airstreams
• 12 Exhaust Airstreams 

• Ducted to roof through the penthouse

• Targeted stair shafts 
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Mechanical Depth – Run Around Heat Recovery Mechanical Depth – Run Around Heat Recovery

Recoverable Energy
• 49,150 CFM Total

• Unknown Temps – Conservatively Assume 72°F

• Differing Coil Configurations compared to reduce ∆P

Available Airstreams
• 12 Exhaust Airstreams 

• Ducted to roof through the penthouse

• Targeted stair shafts 

Loop Configuration
• 12 Exhaust Airstreams with Heat Recovery Coils

• Added Pre-heat Coils to Existing SF-4 & 5

• 3 HP Loop Pump Added
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Mechanical Depth – Run Around Heat Recovery Mechanical Depth – Run Around Heat Recovery

Recoverable Energy
• 49,150 CFM Total

• Unknown Temps – Conservatively Assume 72°F

• Differing Coil Configurations compared to reduce ∆P

Available Airstreams
• 12 Exhaust Airstreams 

• Ducted to roof through the penthouse

• Targeted stair shafts 

Loop Configuration
• 12 Exhaust Airstreams with Heat Recovery Coils

• Added Pre-heat Coils to Existing SF-4 & 5

• 3 HP Loop Pump Added

Airside Redesign
• Removal of (2) 3,600 CFM AHU’s

• Removal of Ductwork

East Stair Shaft West Stair Shaft
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Mechanical Depth – Run Around Heat Recovery Mechanical Depth – Run Around Heat Recovery

Added Equipment Cost
• $18,843

Removed Equipment Cost
• $14,700

Annual Energy Saved
• 400 MBH

• $953/year

Estimated Payback

• 4.3 Years
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Mechanical Depth – Ground Source Heat Pump Mechanical Depth – Ground Source Heat Pump

Site Geology
• USGS State Geological Maps

• Ground Temperature – 50°F
Massachusetts

Cambridge Area
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Mechanical Depth – Ground Source Heat Pump Mechanical Depth – Ground Source Heat Pump

Site Geology
• USGS State Geological Maps

• Ground Temperature – 50°F

Required Bore Length Equation
• Three Heat Pulses – Annual, Monthly, Daily

• Twi = 60°F Two = 52°F

• 40,586 ft Required

Presentation Outline

• Project Team

• Project Overview

• Existing Mechanical Systems

• Existing Design Loads

• Redesign Goals & Objectives

• Mechanical Depth Study
• Heat Recovery

• Ground Source Heat Pump

• Construction Management Breadth

• Electrical Breadth Overview

• Summary and Conclusions



Mechanical Depth – Ground Source Heat Pump Mechanical Depth – Ground Source Heat Pump

Site Geology
• USGS State Geological Maps

• Ground Temperature – 50°F

Required Bore Length Equation

System Layout
• 185 Bores @ 219 ft Depth

• (37) Sets of 5 Boreholes

• Reverse-Return Configuration

• Three Heat Pulses – Annual, Monthly, Daily

• Twi = 60°F Two = 52°F

• 40,586 ft Required
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Mechanical Depth – Ground Source Heat Pump Mechanical Depth – Ground Source Heat Pump

Site Geology
• USGS State Geological Maps

• Ground Temperature – 50°F

Required Bore Length Equation

Loop Configuration
• 3 Individual Loops

Required Bore Length Equation

System Layout
• 185 Bores @ 219 ft Depth

• (37) Sets of 5 Boreholes

• Reverse-Return Configuration

• Three Heat Pulses – Annual, Monthly, Daily

• Twi = 60°F Two = 52°F

• 40,586 ft Required
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Mechanical Depth – Ground Source Heat Pump Mechanical Depth – Ground Source Heat Pump

Pumps
• 3 Ground Loop Pumps

• (2) – 200 gpm, 7.5 HP

• (1) – 100 gpm, 3 HP 

• 1 Chilled Water Pump

• 500 gpm, 15 HP
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Mechanical Depth – Ground Source Heat Pump Mechanical Depth – Ground Source Heat Pump

Added Equipment and Construction Cost
• $191,765

Annual Energy Saved
• Shaves 160 tons off Peak Cooling Load

• $86,651/year

Estimated Payback

• 2.2 Years
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Construction Management Breadth

Goals and Objectives
• Optimize the Construction of GSHP

• Determine Cost of GSHP
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Construction Management Breadth Construction Management Breadth

Goals and Objectives
• Optimize the Construction of GSHP

• Determine Cost of GSHP

Estimation Assumptions
• Drilling Cost – RS Means Mechanical Cost Data 2009

Daily Output 
(ft/day)

Rental 
($/wk)

Lbore>325 900 16960

225≤ Lbore≤ 325 1200 14840

Lbore<225 1800 12190

• Piping Cost

• $0.66/ft2 – 1 ½” HDPE Pipe

• $1.32/ft2 – 3” HDPE Pipe

• Grouting Cost

• $8,900 Based on Total Borehole Length
• Miscellaneous Cost

• Increases w/ number of Boreholes
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Construction Management Breadth Construction Management Breadth

Results
• Optimum at 185 Boreholes @ Depths 219 ft

• Construction Duration   – 7 weeks

• Total Construction Cost – $178,000

• Added Equipment Cost  – $13,700

• System Cost - $191,700
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Total Borehole Cost Optimization Chart

Ltotal Number 
of Bores

Bore 
Depth

day/b
ore

days weeks Drilling 
Cost

Piping
Cost

Grouting 
Cost

Misc 
Cost

Total 
Cost

40586 185 219 0.122 34.018 6.80 $82,935 $51,223 $8,900 $35,000 $178,058

40586 190 214 0.119 34.328 6.87 $83,691 $51,304 $8,900 $35,500 $179,395

40586 195 208 0.116 34.638 6.93 $84,447 $51,386 $8,900 $36,000 $180,733
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Electrical Breadth Overview Electrical Breadth Overview

New Distribution Panel – D4B-1
• Serves 4 New Pumps

• 110A Breaker

• 225A Main Bus
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Electrical Breadth Overview Electrical Breadth Overview

New Distribution Panel – D4B-1
• Serves 4 New Pumps

• 110A Breaker

• 225A Main Bus

Integration into System
• Tied into D4B
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Summary and Conclusions Presentation Outline

Summary
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Conclusions

• Ground Source Heat Pump  = WORTHWHILE

• Heat Recovery = NEED MORE APPLICATION

• Up to 3000 MBH Recoverable

• Only 400 MBH Needed for Stairs

• Both Reasonable Paybacks

• Renewable Energy Added to Project

• Reductions on Cogeneration Plant

• 400 MBH $965/year

• 160 Ton       $87,000/year
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