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Decarbonizing through Thermal
Energy Districts

Mindy Granley Sustainability Officer, City of Duluth

Justin Reid General Manager, Duluth Energy Systems



District Energy US/CA

© OpenStreetMap contributors

Sector

. Airport

- College/ University
- Commercial

Il oowntown/ Utility
- Government

- Healthcare

- Industrial

B iitary




90 Years of Service to Duluth

Start up 1932
City ownership 1979

EverGreen Energy hired to
operate, maintain, and manage |
2012

A Master Plan 2013
A 2022 update
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Duluth Energy Systems

AServes Downtown and Canal Park
AHot water & steam heating: 164 buildings = 8 M square feet
AChilled water cooling: 5 buildings = 530,000 square feet

ACustomers include:
AHospitals
AChurches
AFederal, state, county, and city gov
AFinancial institutions
AHotels and restaurants
A Apartment buildings
AEntertainment and civic
ALocal and small businesses ;ﬁ\




Service Area

4™ St, to the northwest, 1% Ave. to the northeast, Lake Superior to the southeast,
Mesaba Ave. to the south

west
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Customer Benefits

AReliability (>99.99%)
ACost competitive

ARedundancy and resiliency
AMultiple energy inputs and feeds
AN+1 equipment (Boilers, Generator, HXs)

A24/7 operations, Licensed Boiler Operators

AStrategic investment in system and customer
buildings
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Production Overview e

ASATURATED STEAM R
AFour 1932 dgemoomoilers "
ATwo Coal Only
ATwo Coal / Gas
A225 psi
ARotating equipment steam powered
A140 psi distribution
A8.5+ miles of steam pipe
A5.5+ miles of hot water pipe
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Energy Transformation

Superior Street Project

AReplaced 16 blocks of the aged
downtown system steam pipe

AClosed the loop

ATransition from steam to hot water for &
portion of customers

AUpgrade customer building equipmen




Superior Street/Medical District Hot Water
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Superior Street Update: AN i
A 29 Customers Connected R T

A Gateway Towers (153 Units)
A Lenox Place (152 Units)

Future Connections
A Lakeview 333
A Zenith Historic Central
A ZMC (antique store)

Medical District Update:
A Essentia Vision Northland Connected

A Future Connections _
A{ G ® Bldgh$Qa

A Essentia Duluth Clinic and MillBwan

Plant Infrastructure Investment




Openloop Steam System
ONCE —~THROUGH STEAM DISTRIBUTION SYSTEM

90 milliongallons / year



Closedloop Hot Water System
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(180° F for Steam System)

(Steam is 360° F)




Outside Air Temperature Reset Schedule
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Hot Water Heat Exchangers
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Hot Water Service

Benefits:

A Hot water customers energy saving 26¢
on average

A Conserve 20 million gallons of Lake
Superior water every year

A Position the system for integration of
renewables

A Improved temperature control within
building (setback schedule)




ETS Basics — Main Components ETS Basics — Secondary Components
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ETS Secondary Components
6. Building Side Isolation Valves
7. District Side Isolation Valves
8. Circulating Pump Isolation Valves
9. Check Valves
10. Wye Strainers

Energy Transfer Station (ETS)
Circulating Pumps
Control Panel
Control Valve

BTU Meter

Heat Exchanger

Al o




ETS Equipment




Types of Heating Systems

76.1°F 81.5psi 7’]

Heating ? | %;3

TR

Heating 1

Set 72.0°F
dP Set 12.0 psi

75.0°-
Heat Pump /5.4

88.9psi 75.2°F

Heating On
From Heating 1

i HW1 HW3 & O I @

Heat Pump Loops Air Handling Unit Loops
System reacts to maintain a consistent temperature in System reacts to control the Discharge Air Temperature
the Heat Pump loop using a temperature sensor downstream of an air handling unit by controlling the

downstream of hot water supply injection point temperature of the water supplied to the AHU coil



Types of Heating Systems
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Radiation Loop Pool/Spa System
Loop temp is controlled to a setback program based on Loop temp is set to a fixed setpoint. The system is
Outside Air Temperature. System can also be controlled to the supply temperature. Fixed setpoint
configured to a fixed Setpoint if customer prefers, but will need to be set slightly above desired pool/spa

will lose system efficiency. temp to maintain desired temperature.



Types of Heating Systems

Set Point:145.4°F

Off

owr & O O

Domestic Hot Water
System is controlled to the supply temp. Setpoint is fixed based on customer preference.
Operation of system will be dependent on whether the system has storage tanks or if it will
operate instantaneously.




APPENDIX |I. TYPICAL HEATING INTERCONNECTION

NOTES:

1. PRIMARY SIDE CONFIGURATION SHALL COMPLY WITH THE
CUSTOMER CONNECTION STANDARD DOCUMENT AND MUST BE
INSPECTED AND APPROVED BY DULUTH ENERGY SYSTEMS (DES)
PRICOR TO INITIATION OF SERVICE.

2, CONTRACTOR REQUIRED TQ CONFIRM SUPPLY AND RETURIN
WATER LINES WITH DES.

3. ALL SERVICE PIPING AND VALVES TO BE RATED FOR 150 LB
MINIMUM WOREING PRESSURE AND ALL ISOLATION VALVES TO BE
BALL OR BUTTERFLY TYPE DESIGM.

4 FLOW METER. REQUIRES SPECIFIC PIPE DIAMETER. 5IZED FOR
INSTALLATION. CONSULT DES PRIOR TO INSTALL.

5. CUSTOMER IS RESPONSIBLE FOR DESIGN OF SYSTEM INTERFACE.
6. ALL THERMAL WELLS REQUIRE 45 DEGREE PLACEMENT INTO
WATER FLOW OR. INTO A TEE/ ELBOW WITH INSTALLATION OF WELL
INTO THE WATER FLOW.

7. PROVIDE HIGH POINT VENTS AND LOW POINT DERAINS.

8. INSTALL HEAT EXCHANGER 50 PLATES ARE VERTICAL.

9. CONTRACTOR. SHALL NOT DEVIATE FROM THE PRIMAERY SIDE
INTERCONNECTION PLAMN.

10. COMPONENT DEVELOPER IS RESPONSIBLE FOR WAILL
PEMNETRATIONS, STRUCTURAL INTEGRITY, WATER PROOFING AND
FIRE RPATINGS. WALL PENETRATIONS SHALL BE IN A LOCATION
ACCEPTABLE TO DES.

MIN 5 PIPE DIAMETERS
(METER SIZE) OF STRAIGHT
PIPE DOWNSTREAM OF METER

CUSTOMER
BUILDING WALL
DISTRICT
SERVICE
e WVAILWVE HIGHFPOINT VENT
e 'I"_HER}.L*IOMEI'ER
HOT — Q
WATER

RETURN

BYPASS

LINE \'."
»

MIN. 10 PIPE DIAMETERS OF
(METER. 5IZE) STRAIGHT
PIPE UPSTREAM OF METER

STAND ATONE OR
NETWORE CONTROL
MODULE

—

| OUTSIDE AIR SENSOR

bt
b

—oa—  ANIT NOLLY UYIWAA g

HOT
WATER
SUPPLY

[ PRowﬁE( DRAINS

| FOR. CLEANING PLATE HEAT

EXCHANGER <

120 VOLT/20 AMP METER

CUSTOMER VALVE

ISOLATED CIRCUIT
[J}|— BREAKER WITHLOCK.
TERMINATE IN 1900,

CUSTOMER. RESPONSIBLE
FOR ALL PIPING FROM
DISTRICT SERVICE
VALVES.

J-BOX (BY CUSTOMER.)



Hot Water Design Specifications

3.2 Primary System Pressure

System pressure maximum is 150 psig. All DES customers are required to connect to
the district service valves with piping rated for 150 psig and able to withstand 225 psig
test pressure to the heat exchanger prior to permitting service. The system minimum
differential pressure is 15 psig.

4.0 DISTRICT HEATING INTERFACE - PRIMARY SYSTEM DESIGN

4.1 District Piping and Insulation

All piping shall be standard weight, black steel pipe, schedule 40, unless otherwise
noted. Wall thickness shall be according to the schedules listed in American Standards
B36.10 and B36.19. Fittings must be of the same material, finish, and strength as its
associated piping. All piping on the primary side is recommended to be welded, however
threaded piping with 150 Ib rated fittings is acceptable.

The piping, valve body, etc., on the primary side shall have insulation based on the peak
media temperature for the thickness specified in Table 5.1 of ASHRAE (American
Society of Heating, Refrigerating, and Air Conditioning Engineers, Inc.) Standard 90-75.



Hot Water Design Specifications

5.0 PROCEDURE FOR CONNECTING HOT WATER SERVICE

5.1 Engineering Standards and Regulations

Engineering standards for the safety of unfired pressure vessels shall follow the current
edition and current published revisions and interpretations of the construction codes of
the American Society of Mechanical Engineers (ASME). Heat exchangers are pressure
vessels that must conform in every detail to the boiler pressure vessel requirements of
the latest Minnesota Construction Code. Each heat exchanger is required to be
stamped with the ASME code symbol.

Any pressure piping to the heat exchanger or pressure vessel appurtenances - such as
valves, meters, and gauges - shall be hydrostatically tested to ensure that it can
withstand the peak temperature and pressure of the primary distribution system.



Hot Water Design Specifications

Mechanical Process:

1. Installation of hot water supply and return piping from tie points identified In
mechanical piping drawings.

2. Insulation and jacketing of hot water heating piping.

3. Installation of ETS (Energy Transfer Station) skids.

4. Mechanical Contractor shall serve as Prime Contractor. All other Contractors
shall be Sub-Contractors under the Mechanical Contractor.

Electrical work shall be performed by licensed electricians. No electrical
engineering documents are provided in this package. Electrical contractor is
responsible for connecting skids to each individual buildings electrical system.
Contractor shall follow all applicable codes and standards. Contractor is
responsible for connecting to the DES fiber communications network. This will
require conduit with fiber to be pulled from the service valves to the ETS’s shown

on the plans.



Hot Water Design Specifications

All installations shall conform to the following codes and regulations amended
to this date:

a. State and Local Heating, Ventilating, Air Conditioning and Refrigeration
Codes

State and Local Plumbing Codes

State and Local Building Codes

State and Local Electrical Codes

State and Local Mechanical Codes

State and Local Elevator Codes

Americans with Disabllities Act

Municipal Water and Sewer Regulations

National Electrical Code

State and Local Board of Health Regulations

Local Applicable Ordinances

State and Local Fire Codes and Regulations

Gas Company Requirements
Occupational Safety and Health Act (OSHA)
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Hot Water Design Specifications
All materials and equipment supplied shall conform to the following standards
amended to this date:

a.
b.

C.

S3T AT TSa@~moo
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American Society of Mechanical Engineers (ASME)

American Gas Association (AGA)

Sheet Metal and Air Conditioning Contractors National Association
(SMACNA)

Underwriters Laboratories (UL)

National Electrical Manufacturers Association (NEMA)

Manufacturer's Standardization of the Valve & Fitting Ind.

American Welding Society (AWS)

American Society for Testing Material (ASTM)

American National Standards Institute (ANSI)

American Water Works Association (AWWA)

American Society of Mechanical Engineers Boiler Code

Air Moving and Conditioning Association (AMCA)

Air Conditioning and Refrigeration Institute (ARI)

American Society of Heating, Refrigerating and Air Conditioning
Engineers (ASHRAE)

Sheet Metal and Air Conditioning Contractors National Association
Occupational Safety and Health Act (OSHA)



Hot Water Design Specifications
Pipe Spec Line Service

C1 Carbon Steel 150# (Utilities)

Maximum Pressure: 210 PSIG HHW(S/R) - Heating Hot Water
Maximum Temperature: 250° F ICW - Industrial Cold Water (Non-potable DCW)
DR - Drain

C2 Carbon Steel 150# (Condensate)

Maximum Pressure: 165 PSIG LPC - Low Pressure Condensate (10 psig)

Maximum Temperature: 450° F

C3 Carbon Steel 150# (Steam)

Maximum Pressure: 165 PSIG LPS - Low Pressure Steam (10 psig)

Maximum Temperature: 450° F

R1 Copper - Potable

Maximum Pressure: 150 PSIG DCW - Domestic Cold Water <3"

Maximum Temperature: 250° F DHW (Supply and Return) - Domestic Cold Water <3"




Hot Water Design Specifications

Service Desighation Service Description Typical Insulation Indoors
0"-1.5"Pipe| 1.5"+ Pipe
LPS 15 PSIG STEAM ML2-1/2 ML3
LPC 15 PSIG CONDENSATE (GRAVITY) ML2-1/2 ML3
HHWS HEATING HOT WATER (SUPPLY) FL2-1/2 FL3
HHWR HEATING HOT WATER (RETURN) FL2-1/2 FL3
DCW Domestic Cold Water FL1 FL1-1/2
DHW (Supply and Return) Domestic Hot Water FL1 FL1-1/2
TYPICAL INSULATION NUMBERING INSULATION SYMBOLS
ﬂ: —t INSULATED & JACKETED
| T
C NEEEI:QE?JNSII:EETE ::F'EAT Ti;iEZE PROTECTION @-— E!A.EEE'?E%TRACED' NSULATED &
4 MBERAL WOOL S SEMTRAE R0 STEMTRAGED NSULATED

U URETHANE
A CLOSED CELL FOAM

JACKET MATERIAL
ALUMINUM
BLANKET
ALL SERVICE JACKET
PVC
STAINLESS STEEL
NONE

NOTE:
JACKET REQUIRED ON CLOSED
CELL FOAM INSULATION

=wnor omreE

INSULATION THICKNESS 777

EQUIPMENT INSULATED & JACKETED

EQUIPMENT ELECTRIC TRACED,
INSULATED & JACKETED

REMOVABLE INSULATED BLANKET




15t Ave East Project2023
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City of Duluth
Climate Action Work Plan

What Is the Climate
Action Work Plan?

AWho?
A City Sustainability AdvisorY Team = 11 Departments
working together (20 people)

AWhat?

A 83 climate actions to implement across City
departments and community

AWhy?

A Actions in the plan are based up®rstrategiedisted
in the Climate Emergency Declaration by City Counc

AWhere?
A City operations and communityide action

AWhen?
A Next 5 years



Climate Action Work Plan: Background

A ImagineDuluth 2035 and St. Louis County Mdkizard Mitigation Plan
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Key Points from the City of Duluth's

COMPREHENSIVE PLAN

DULUTH

Housing :
Energy & Increase population density and Transportatlon
Conservation provide affordable & attainable Use transportation to improve the city

Encourage community involvement  housing Improve conditions & connections

and renewable energy Increase the quality of housing Change designs to reduce infrastructure .

Promote energy use reduction in options & neighborhoods cost and add new types of The air we

large buildings & local businesses Promote original character, transportation

Meet utility & efficiency targets for diversity, and history Protect & enhance regional commercial b rea t h (=

city facilities and operations transportation networks The state of Mnnasots
Land Use

Economic
open Space Promote neighborhood accessibility, DQVEIOp ment

ili health, and development "
Improve resiliency to flood & other P Invest in people & grow what we have

natural disasters Encourage mixed land use in zoning
,,,,, R . tion & add X Develop our natural wealth & build our
il Keep land available for preservation strengths and competitive advantages
more public-owned open space & recreation

Improve marketing, communication &

Make open space more accessible Encourage urban food growth R
s ! ) § Al \[ IQ U‘SPATlAL to the community PR coordination
v o | lﬁ T e T
| UNIVERSITY OF MINNESOTA DULUTH
s MINNESOTA Driven to Discover

Gimate mitigation and \

adaptation strategies
highlighted in the City’s
climate emergency
declaration:

Strategy 1: Reduce energy
consumption in buildings

Strategy 2: Increase
efficiency and resilience in city
utilities

Strategy 3: Support low
carbon transportation options

Strategy 4: Support
renewable energy

Strategy 5: Improve
stormwater management

Strategy 6: Reduce solid
waste

Strategy 7: Reduce
disparities in public health

Strategy 8: Seek
sustainability opportunities
that support economic growth

Strategy 9: Identify carbon

sequestration opportunities

o /




Climate Vulnerability Repo

AExpected climate chanaes/impacts

AVulnerable populations

A Economic Stress
A Limited Transportation (no vehicle)

A Individuals with Disabilities
A Older Adults

ARecommendations

A Public health
A Heat Stress/Extreme Weather

A Air quality
A Flood Vulnerability
A Economic resilience

Population Vulnerability Assessment and
Climate Adaptation Framework

November 2017 Dra ft
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~.< 4 Minnesota Pollution
— Control Agency
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Municipal Emissions, 2021

Municipal GHG Emissions by Sector, 2021

Water & Wastewater 36.9% Buildings & Facilities 29.7%

Phase |
Drive down emissions from City operations

Strengthen community resilience
Eliminate barriers, enable action

Seek financial and workforce pathways

Shovel-ready and shovel-worthy projects

www.duluthmn.gov/sustain/

Street Lights & Traffic Signals 12.1%

Reduced
62% from

baseline:
2008 39,066 MT
C02e2021: 14,232
MT CO2e


http://www.duluthmn.gov/sustain/

Phase Il

Community decarbonization

Community-wide Emissions - Duluth 2018

Travel

Commercial
and Industrial
44%

Residential
35%

1,335,757 Tons of Co2e

www.regionalindicatorsmn.com/citgummary



http://www.regionalindicatorsmn.com/city-summary

ODbj. 1: Drive down emissions from City operations
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S1

S2

1.1 Achieve energy reduction targets for city buildings and

facilities to meet 10% emissions reduction goal, per

mayoral term (80% by 2050).

O Complete and implement the City of Duluth Energy Plan
and share progress with the Energy Plan Commission

U Institutionalize regular benchmarking for all city buildings
and facilities

U Continue energy audits and assessments and prioritize
improving the performance of buildings with the greatest
savings opportunities

U Track and publicly share energy use and greenhouse gas
emissions for City Operations, annually

U Communicate successes and benefits of climate action to
further community support for more action

1.2 Continue to improve the fuel emissions factor and

efficiency for Duluth Energy System

U Identify clean energy resources to replace fossil fuel inputs;
eliminate coal in the next 5 years

U Encourage a transition to more efficient hot-water loop for
new and existing customers of Duluth Energy Systems

1.3 Improve the efficiency of the water plant and

distribution system

U Set targets and identify opportunities to improve the energy
use intensity at the water plant and distribution system

1.4 Reduce emissions from city fleet vehicles and
employee commute
U Complete an assessment of city fleet to identify

Action Leads

Property and
Facilities
Management,
Sustainability, and
Communications

Duluth Energy
Systems, Public
Works and Utilities

Fleet, Property and
Facilities
Management,

Resources
Needed

Energy Analyst

Infrastructure for
transition away
from coal

Resources for initial
fleet planning are in
place




