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Introduction 

• About the project

• Challenges

• Near term Strategy

• Long term Strategy

• Discussion
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ELECTRIC VEHICLE ADOPTION
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Annual Energy Outlook -
2017 High Oil Case Forecast

Bloomberg New Energy
Finance - 2017 Forecast

Annual Energy Outlook -
2017 Base Case Forecast

Navigant Research - 2016
Base Case Forecast

Edison Electric Institute -
2017 Forecast

Annual Energy Outlook -
2017 Low Oil Case Forecast

UBS - 2017 Base Case
Forecast

Actual - Estimate
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TYPES OF CHARGERS

AC LEVEL 1 AC LEVEL 2 DC FAST CHARGING

120 V

1.4 – 2.0 kW

12 – 14 hrs per charge

240 V

3.3 – 7.7 kW

3 – 4 hrs per charge

250 – 450+ V

~50 kW, can be 90+ kW 

80% charge in 30 min
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CHARGING STRATEGY
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POTENTIAL GRID IMPACT

High Penetration

1,000 MWh
Monthly Energy

11 MW 
Non-Coincident Peak

1.0 MW
Coincident Peak

Low Penetration

500 MWh
Monthly Energy

5 MW 
Non-Coincident Peak

0.5 MW
Coincident Peak
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CLIMATE NOW

Average Summer 
Temperature

Hot Days 
(over 90°F)

Cold Days 
(below 32°F)

Rainfall per 
Storm

69°F 11 120 5.25”
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CLIMATE CHANGE (by 2050)

Average Summer 
Temperature
Up to 7°F hotter

Hot Days 
(over 90°F)

Cold Days 
(below 32°F)

Rainfall per
Storm

Up to 1” increase

76°F 60 68 6.00”
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Other Pumped storage Wind & Solar Hydroelectric Wood & Biomass Nuclear Petroleum Coal Natural gas

International

Interstate

Domestic

M.A. GRID | CURRENT

Low Carbon / 
Renewables

~36%

Fossil Fuels

~63%
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IN PLACE: Global Warming Solutions Act (2008) supported by EO (2016)

Signed into effect by Governor 
Charlie Baker September 2016

Proposed DEP rules to ensure MA 
meets Global Warming Solutions 
Act (2008) with particular focus on:
• Natural gas infrastructure
• Transportation
• Electricity generation
• Electricity sales

State Executive Order 569
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5% electricity from CHP and 
other alternative energy
~2% at the end of 2015

200 MW wind energy installed
115 MW in January 2017

1600 MW solar power installed 
1465 MW in January 2017

2020 ENERGY SUPPLY GOALS
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PROPOSED: 100 Percent Renewable Energy Act

Stage 1

By 2035

Massachusetts must get all of its electricity from renewables such as wind and solar

Stage 2

By 2050

Eliminate the use of fossil fuels for heating, transportation, and other 
sectors
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EMISSIONS FROM ELECTRICITY CONSUMPTION
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I WANT A MICROGRID!
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BUILDING SYSTEMS v’s DISTRICT SYSTEMS
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SCENARIOS

Scenario 4

Condenser loop

Scenario 3

PV + Battery + 
Other

Co-Gen/Tri-gen

Scenario 1

Business As 
Usual

(BAU)

Scenario 2

PV + Battery + 
Other

Thermal loops

Aggressive 
demand 

reductions

PV + Battery + 
Other

Scenario 5

Very Aggressive 
demand 

reductions

PV + Battery + 
Other

All Electric

Aggressive 
demand 

reductions

Aggressive 
demand 

reductions
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SITE DEMAND BY LAND USE TYPE
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HEATING LOAD FACTOR
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COOLING LOAD FACTOR
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ELECTRICITY LOAD FACTOR
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EXTENDED DISTRICT HEATING NETWORK
Heat Load Density

3,942 kBtu/ft
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16to

Trench length (ft)

Plant Area 
(sq.ft)

Supply Split
(%)

6,900

DE

NGRID

PV

35,218

Pipe diameters (in)

5 3010 to

4-PIPE HOT WATER & CHILLED WATER w/ heat 
recovery

(4-pipe network)
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4-PIPE HW & CHW WITH HEAT RECOVERY

HEAT LOAD COOLING 
LOAD

COOLING 
LOAD

COOLING 
LOAD

SUPPLEMENTAL
HEAT REJECTION

BUILDING 2: BUILDING 1:BUILDING 3:BUILDING 4:DISTRICT PLANT

PUMPS

COOLING TOWERS

Heat 
Exchanger

Heat 
Exchanger

Heat 
Exchanger

Heat 
Exchanger

PUMPS

CHILLER

Heat Exchanger

HEAT 
PUMPS

AIR / WATER / 
GROUND HEAT 

EXCHANGE

Boilers

CONDENSER 
WATER

HOT WATER

CHILLED WATER

SUMMER



35

4-PIPE HW & CHW w HEAT RECOVERY

HEAT LOADCOOLING 
LOAD

BUILDING 2: BUILDING 1:BUILDING 3:BUILDING 4:DISTRICT PLANT

PUMPS

COOLING TOWERS

Heat 
Exchanger

Heat 
Exchanger

Heat 
Exchanger

Heat 
Exchanger

PUMPS

CHILLER

Heat Exchanger

HEAT 
PUMPS

AIR / WATER / 
GROUND HEAT 

EXCHANGE

Backup
Boilers

CONDENSER 
WATER

HOT WATER

CHILLED WATER

HEAT LOAD HEAT LOAD

WINTER
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2C.1: 4-PIPE HW & CHW CENTRALIZED HEAT PUMP
ALL ELECTRIC

HEAT LOADCOOLING 
LOAD

BUILDING 2: BUILDING 1:BUILDING 3:BUILDING 4:DISTRICT PLANT

PUMPS

COOLING TOWERS

Heat 
Exchanger

Heat 
Exchanger

Heat 
Exchanger

Heat 
Exchanger

PUMPS

CHILLER

Heat Exchanger

HEAT 
PUMPS

WATER / 
GROUND HEAT 

EXCHANGE

CONDENSER 
WATER

HOT WATER

CHILLED WATER

HEAT LOAD HEAT LOAD
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HEAT PUMPS
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HEATING TECHNOLOGY EFFICIENCIES
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Boiler (Std.) Boiler (Condensing) Electric Resistive Heat Pump
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OPTION COMARISON - COST
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OPTION COMPARISON - CARBON
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SCENARIOS

Scenario 4

All Electric 
thermal Loops

Scenario 3

PV + Battery + 
Other

Co-Gen/Tri-gen

PV + Battery + 
Other

PV + Battery + 
Other

Scenario 1

Business As 
Usual

(BAU)

Scenario 2

PV + Battery + 
Other

Thermal loops

Aggressive 
demand 

reductions

PV + Battery + 
Other

PV + Battery + 
Other

PV + Battery + 
Other

Thermal loops

PV + Battery + 
Other

PV + Battery + 
Other

Scenario 5

Aggressive 
demand 

reductions

Aggressive 
demand 

reductions

All Electric

Off Site 
renewables

Aggressive 
demand 

reductions

Lower carbon



42

TRANSITION TO ZERO CARBON
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HEAT PUMPS

Air
Air Source Heat Pumps (ASHPs)
Variable Refrigerant Flow (VRF)
Variable Refrigerant Volume (VRV)
Mini-Split
DX

Water
Water Source Heat Pumps (WSHPs)
Ocean/Lake Cooling and Heating
Wastewater Heat Recovery

Ground
Ground Source Heat Pumps (GSHPs)
Geothermal
Geo-Exchange Heating



First Phase 
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Co-Gen, Heating Hot Water & Chilled Water
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Heating Hot Water & Chilled Water – Plant and Equipment

Pumps

CHP

Boilers Chillers

Energy Transfer Statio

Distribution Piping

Cooling Towers

Thermal Storage
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SOLAR PV   |   PHASE 1 ARRAY SIZES

2.4 MW
0.6 MW

1.0 MW

LANDFILL

T - STATION DT
30% of 
Rooftop
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SOLAR PV   |   AGGREGATE ARRAY SIZES

2.4 MW

3.3 MW

1.6 MW

3.0 MW

1.1 MW

0.6 MW

1.0 MW

LANDFILL

T - STATION

UT

DS

EG

DN

DT
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Consolidated Back-up Generation in Main Plant 



Network Operating Center and Smart Grid 
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What next?

• Market testing

• Discussion with the Utility

• Construct pilot projects

• Continued testing and reevaluation 

• Continue to innovate
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