Better Buildings Webinar Series

We’'ll be starting in just a few minutes....

Tell us...

What topics are you interested in for future webinars?

Please go to slido.com and use event code #DOE to submit
your responses.
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Scaling Impact: Multi-Building Approaches to
Carbon Reduction

December 1, 2020
3:00 —4:30 pm EDT
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Senior Advisor — Building Technology Office
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Please go to www.slido.com

using your mobile device, or by opening a new window

Enter Event Code

#DOE
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Polls 1 & 2

We'd like to hear more about you!

Please go to www.slido.com and enter code #DOE to respond
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http://www.slido.com/

Agenda

1 Catalyst Project

2 National Western Center Project

3 National Renewable Energy Laboratory

4 oQe&A
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Today’s Presenters

Catalyst Project

Brad Liljequist
McKinstry

Nick Edney
McKinstry

National Western
Center Project

Barb Frommell Laura Rip
City & County of Jacobs Engineering
Denver, CO Group

National Renewable
Energy Laboratory

Shanti Pless
NREL

Ben Polly
NREL
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US Department of Energy Better Buildings Webinar
Scaling Impact: Multi-Building Approaches to Carbon Reduction
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Gross value added per hour worked

Productivity gains by mdustry

Global In



Expanding the view - Energy District elements



Catalyst — ZE + ZC cornerstone



Catalyst — ZE + ZC cornerstone

 Narrow E/W floorplates e Diurnal cooling

* Envelope: insulation * Deep daylighting
 Envelope: air sealing * Deep plug load engagement
 Envelope: windows * Cross laminated timber

* Dedicated outdoor air system - bit.ly/mckcatalyst



https://bit.ly/mckcatalyst




A siloed value chain = opportunity



South Landing heating + cooling plant




South Landing heating and cooling (provided btu’s) by
equipment type
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South Landing heating and cooling (provided btu’s) by
equipment type (enlarged)

200

150 Waterside
Water Cooled Economizer

100 Chiller

50

0

June July

Load (MMBTU) / Month

50 < Thermal Storage

Air-to-water
Heat pump

-100

-150

Boiler

-200



South Landing heating and cooling electricity use
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Avista system demand day /
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building baseload plug & lighting load
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Winter building baseload and heating plant
electrification
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Winter building baseload and heating plant
electrification total
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Winter building baseload with smart heating
plant electrification
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Winter building baseload with smart heating
plant electrification total
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South Landing thermal storage
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https://bit.ly/Catalyst

Catalyst Project
Q&A

Submit Questions
www.slido.com event code #DOE
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National Western Center Project

Barb Frommell Laura Rip
City and County of Jacobs Engineering
Denver, CO Group
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NATIONAL

WESTERN

CENTER

” DENVER

' THE MILE HIGH CITY

BETTER BUILDINGS CONFERENCE

Scaling Impact: Multi-Building Approaches to Carbon Reduction December
1, 2020
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AN URBAN HUB FOR FOOD AND AG DISCOVERY

in the heart of the American West.

CITY AND COUNTY OF DENVER






“THE TRIANGLE”
60 Acres

41






DENVER’'S LONG TERM CLIMATE GOAL

CITY AND COUNTY OF DENVER



DENVER’S RENEWABLE ELECTRICITY GOAL

CITY AND COUNTY OF DENVER



EMBRACE AN ETHIC OF REGENERATION

CITY AND COUNTY OF DENVER



INTO ASSETS!

Wastewater in the Delgany Interceptor
contains more than twice the thermal
energy needed for the campus.

CITY AND COUNTY OF DENVER
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A LOW CARBON, RESILIENT CAMPUS

1. Energy Efficient, LEED Gold+ Buildings

Prioritizing energy efficiency to achieve LEED Gold or above.

2. District Thermal using Wastewater Heat Recovery

Utilizing wastewater thermal energy to heat and cool campus buildings efficiently.

3. Renewable Energy

100% renewable electric using a combination of on- and off-site sources

4. Community Resiliency

i/
h% DENVER Ensuring critical facilities have power, heating and cooling, even during extreme events.
' THE MILE HIGH CITY

> NATIONAL «o
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CENTER




DISTRICT HEATING AND COOLING: OUR JOURNEY

/NWC Master Plan

2015-2017 2018 2019 2020

Final design
& permitting

Construction

Due Diligence Procurement Predevelopment

CITY AND COUNTY OF DENVER



NWC DISTRICT

ENERGY PARTNERS

Y
) SPUR

GOLDRADD STATE UNIVERSITY SYSTEM

Metro Wastewater

EAS Energy Partners

NWC Authority

CSu

WSSA

City of Denver

Contributed $8.6M to
relocate and bury the
Delgany interceptor

Providing thermal
energy from
Delgany Interceptor
wastewater at
no cost

Board Approved IGA
Jan 2019

Delivers low-carbon,
highly efficient heating &
cooling to NWC buildings

for 40 years

Designs, builds, finances,
operates and maintains
the district
energy system

Meets stringent
performance standards

Competitive
Procurement
Dec 2018

Owner of the district
energy system

Counterparty to EAS in
the Campus Energy
Agreement

Pays monthly energy
payments to EAS

Enters into operating
agreements with
CSU and WSSA

Board Approved
Feb 2020

Enters into an operating
agreement with
Authority

Pays energy payments
to the Authority for
CSU’s share of the

system capacity

Board Approved
Jan 2020

Enters into an operating
agreement with
Authority

Pays energy payments
to the Authority for
WSSA's share of the
system capacity

Board Approved
Feb 2020

Provides partial
credit support to the
Authority

NWCO delivers a portion
of the design/build work

DDPHE is providing

a $1M grant from
enterprise funds toward
campus sustainability

CITY AND COUNTY OF DENVER




DISTRICT HEATING AND COOLING

The National Western Center will source nearly 90 percent of its heating and cooling
from an underground sewer pipeline — a recycled source of thermal energy.

Traditional
heating and cooling
(source: natural gas)

District
VS. heating and cooling
(source: wastewater)

CITY AND COUNTY OF DENVER



DESIGN DEMAND PROFILE

simultaneous
heating and
cooling
—Heating Load
—Cooling Load
—Simultaneous
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ALTERNATIVES ANALYSIS

1) 2-pipe: Boilers + Cooling Towers

2) 4-pipe: Boilers + Chillers

3) 2-pipe: SHR (HEX) + Boilers + Cooling Towers
4) 4-pipe: SHR (Heat Pumps) + Boilers + Chillers

Total Cost of
Ownership

m Utility

mO&M

m CAPEX
1 2 3 4



PRICE CERTAIN AND COST COMPARABLE

Every building has heating and
cooling costs, no matter what
system is used.

The cost is comparable to
traditional systems over the long
run (40 years).

Increased capital and financing
costs are offset by decreased
utility costs & operating costs.

Future carbon tax, carbon credit,
etc. will likely reduce the
premium.

CITY AND COUNTY OF DENVER



DISTRICT THERMAL WITH HEAT RECOVERY

SOURCE SCREEN EXCHANGE DISTRIBUTE CONDITION

Building heat
o recovery chillers
Specialized heat Ambient Loop use ambient loop
Delgany Sewer _ exchanger Supply Temp to more efficiently
Line 60-75°F Waste screening transfers thermal ~ 51-77°F produce hot and
keeps out solids energy to 2-pipes chilled water
“ambient loop” From 30” = 6”

CITY AND COUNTY OF DENVER



SYSTEM DESIGN SUMMARY

3.8 MW sewer thermal system

Sewer thermal meets nearly
90% of campus heating and
cooling demand

Serves 7 buildings

1.1M sqgft of large event venue,
educational, R&D, & office
space

Expandable for future phases

Utilizes cooling towers for peak
cooling only; boilers for peak
heating only

CITY AND COUNTY OF DENVER



DISTRICT IMPACTS

Avoids 2,600 metric tons of CO,
emissions each year.

Equivalent to 6.6 million vehicle
passenger miles driven in Denver
annually.

Saves 3,168 kgal of

water each year.

Equivalent to 5 Olympic-sized
swimming pools each year

Reduces Metro’s effluent temperature
to protect the Platte River.

CITY AND COUNTY OF DENVER



NWC RENEWABLE ENERGY STRATEGY

Goal: 100% Renewable using a combination of on and off-site sources.

Stockyard Events Center M&O Building
(~240kWac) (~300kWac)

Existing Solar
Array

CITY AND COUNTY OF DENVER



RENEWABLE ENERGY STRATEGY

Low carbon electricity achieved by leveraging a portfolio of least cost renewable assets:
Certified Renewable Percentage

Xcel Energy’s native generation mix moves NWC %2 way to their goal CRP

Renewable*Connect

Renewable*

Subscription to offsite renewable to offset majority of remaining load Connect

l—‘/

S*R Medium Program

Deploy the most affordable onsite option in the most visible place Solar*Rewards

Li-S*RC - Xcel Energy owned solar garden

Solar*Rewards

Provides affordable solar option to neighboring communities. Community

CITY AND COUNTY OF DENVER 58



RELIABILITY INHERENT IN DESIGN

4 separate feeders
provide
redundancy
options to service
the NWC Campus

> NATIONAL <o




COMMUNITY RESILIENCY INITIATIVE

Solar plus Storage based microgrids to support community resiliency

e Community partner defines “critical” infrastructure

e Xcel Energy brings battery storage and islanding capability

e Solar and other generation provided by the site

Benefits:
* Improves resiliency

e Supports Xcel Energy’s clean
energy transition

* Provides grid benefits Enabling Legislation:

* Provides clean energy jobs e HB18-1270

(http://leg.colorado.gov/bills/hb18-1270)

CITY AND COUNTY OF DENVER

60



http://leg.colorado.gov/bills/hb18-1270

Environment

Reduced emissions
Cleaner air

Conserves water
Healthier neighborhoods

Reduces WW effluent
temperature

CITY AND COUNTY OF DENVER

 Economic opportunities

MWABE participation goals

Prevailing wage

Workforce Development

Community Resiliency

 Educational tours
 Programming support

« Experiential education



THANK YOU

Barb Frommell Laura RIp

vacobs
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FOLLOW US!

o nationalwesterncenter.com

o facebook.com/nationalwesterncenter
O twitter.com/DiscoverTheWest
instagram.com/national.western.center

@ linkedin.com/company/national-western-center/

~>NATIONAL o

WESTERN

CENTER




National Western Center Project
Q&A

Submit Questions
www.slido.com event code #DOE
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NREL

Shanti Pless Ben Polly
National Renewable National Renewable
Energy Laboratory Energy Laboratory
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Zero Energy Districts

Zero Energy Buildings Zero Energy Districts

NREL | 67



— small enough

to innovate quickly and big
enough to have a meaningful
i m pa Ct.” -EcoDistricts

http://ecodistricts.org/wp-content/uploads/2013/03/EcoDistricts Protocol Executive Summary ISSUE 6.242.pdf



http://ecodistricts.org/wp-content/uploads/2013/03/EcoDistricts_Protocol_Executive_Summary_ISSUE_6.242.pdf

Unlock new cost-effective
energy savings through:

* Upfront planning

- Economies of scale
* Load diversity

- Waste heat capture

Testbeds for new:
* Technologies
- Utility programs

* Business and ownership
models




District Partners
— SunValley EcoDistrict (CO)
— Erie County Industrial Redevelopment (NY)
— St. Paul Ford Site Redevelopment (MN)
— National Western Center (CO)
— Huntington Beach Advanced Energy Community (CA)
— Catalyst Spokane (WA)

National Partners
Commit to provide resources and support to districts







https://www.nrel.gov/docs/fy18osti/71841.pdf




* Focuson Zero Energy principles that
support high performance district
projects

e Document promising practices from
Zero Energy District Accelerator and
other advanced energy community
projects

* Suggest what analysis is most valuable
at what stage

* Leverage, reference, and build on
existing resources (IDEA resources,
RMI, etc.)

https://www.nrel.gov/docs/fy210sti/78495.pdf















What is URBANopt?

Analytics platform for
communities and urban
districts

Built on top of OpenStudio®,
EnergyPlus™, and the
Modelica Buildings Library

Modular, open source
platform; “underlying
analytics” that can be
Integrated into private sector
tools

Christopher Schwing, NREL URBANopt | 2



ANOPT



Christopher Schwing, NREL URBANOopt | 4



URBANopt Modules




URBANoOpPt/REopt/OpenDSS

URBANopt | 6



Thanks and * Shanti.pless@nrel.gov

* Ben.polly@nrel.gov

Questions?



mailto:Shanti.pless@nrel.gov
mailto:Ben.polly@nrel.gov

National Renewable Energy Laboratory

Q&A

Submit Questions
www.slido.com event code #DOE
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Q&A

Submit Questions

www.slido.com event code #DOE
ENERGY




DOE Invests up to $65 Million in

“Connected Communities” Funding Opportunity

What’s a Connected Community?

A Connected Community is a group of grid-
interactive efficient buildings (GEBs) with
diverse, flexible end use equipment and other
distributed energy resources (DERs) that
collectively work to maximize building,
community, and grid efficiency and reduce
environmental impacts.

DOE expects to select a number of diverse
community-scale projects so that insights
from the combined portfolio of selected
projects will provide scalable solutions that
can be applied throughout the country to
increase energy efficiency, change the timing
and amount of energy use, and reduce
environmental impacts.

This Funding Opportunity Will:

Demonstrate the ability of GEBs and DERs
to modify load in both new developments
and existing communities across diverse
climates, geographies, building types,
building vintages, DERs
utility/grid/regulatory structures and
resource bases.

Share technical and market solutions that
will increase demand flexibility and energy
efficiency

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY


https://unsplash.com/photos/c-7X1OLP2Js

We're Looking For Projects That...

Address various grid issues and services Feature business model innovations
Provide benefits for occupants and owners Include diverse project partners and
Improve energy efficiency stakeholders

Quantifiable building load flexibility Provide benefits for various stakeholders
Feature 2 or more types of DERs (aside Follow a thoughtful data collection and

from DR and EE) analysis plan

Use coordinated controls for energy-efficient v Seek to elucidate the occupant experience
and flexible load operations v" Account for cybersecurity and privacy
Describe pathways for implementation v' Have a communications outreach plan
Include strategies for recruitment and v' We encourage projects that are scalable
retention of CC participants and replicable

Connected Communities Funding Opportunity

We’'re Looking Forward to Your Applications!

Visit eere-exchange.energy.gov or Scan the QR Code for the Funding Opportunity:

“DE-FOA-0002206: Connected Communities Funding Opportunity Announcement ”

Building Technologies Office | Office of Electricity | Solar Energy Technologies Office | Vehicle Technologies Office

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY



2020-2021 Better Buildings Webinar Series

BUILDING RESILIENT
COMMUNITIES:
STATE AND LOCAL PERSPECTIVES

Tue, Sep 15, 2020 | 3:00 - 4:00 PM ET

WATCH RECORDING

INNOVATIVE ENERGY
EFFICIENCY FINANCING IN
PUBLIC HOUSING

Tue, Sep 22, 2020 | 3:00 - 4:00 PM ET

WATCH RECORDING

CPACE FINANCING TURNS 10:

IMPACTS, CHALLENGES, AND WHAT COMES
NEXT

Tue, Oct 6, 2020 | 3:00 - 4:00 PM ET

WATCH RECORDING

WASTEWATER TREATMENT 2.0:

THE NEXT PHASE OF ENERGY EFFICIENCY
AND RECOVERY

Tue, Oct 20, 2020 | 3:00 - 4:00 PM ET

WATCH RECORDING

PLANNING FOR RESILIENCE IN
MULTIFAMILY HOUSING:
A PORTFOLIO-WIDE APPROACH

Tue, Nov 17, 2020 | 3:00 - 4:15 PM ET

WATCH RECORDING

SCALING IMPACT:

MULTI-BUILDING APPROACHES TO CARBON
REDUCTION

Tue, Dec 1, 2020 | 3:00 - 4:30 PM ET

SAVE ENERGY AND MONEY
WITH THE BUILDING ENVELOPE

CAMPAIGN
Tue, Dec 8, 2020 | 3:00 - 4:00 PM ET

REGISTER TODAY

BEYOND ENERGY SAVINGS:

QUANTIFYING THE ADDITIONAL BENEFITS
FROM ENERGY EFFICIENCY

Tue, Jan 12, 2021 | 11:00 AM - 12:00 PM ET

REGISTER TODAY

DAVID & GOLIATH:

FINANCING ENERGY RETROFITS FROM THE
TINY TO THE GIANT

Tue, Jan 19, 2021 | 3:00 - 4:00 PM ET

REGISTER TODAY

RISK ASSESSMENTS:

EVALUATING BUILDING SITES FOR
PORTFOLIO RESILIENCE

Tue, Feb 2, 2021 | 3:00 - 4:00 PM ET

REGISTER TODAY

PERSPECTIVES ON RESILIENCE:
INSUARANCE AND CREDIT UNDERWRITING

Tue, Feb 9, 2021 | 3:00 - 4:00 PM ET

REGISTER TODAY

SMART TOOLS FOR SMART
LABS

Tue, Mar 2, 2021 | 3:00 - 4:00 PM ET

REGISTER TODAY

LEVELING THE SLOPE:

HELPING STATE AND LOCAL GOVERNMENTS
REACH THEIR ENERGY GOALS

Tue, Mar 16, 2021 | 3:00 - 4:00 PM ET

REGISTER TODAY

YOU HAVE A DATA CENTER —
NOW WHAT?
STORIES FROM THE FIELD

Tue, Apr 6, 2021 | 3:00 - 4:00 PM ET

REGISTER TODAY

Subscribe to our email

list to stay up-to-date
on the latest Better
Buildings webinars



https://attendee.gotowebinar.com/register/6670171206145045772?source=BBSC-W8
https://attendee.gotowebinar.com/register/3768775524723892239?source=BBSC-W9
https://attendee.gotowebinar.com/register/1847212928929605647?source=BBSC-W10
https://attendee.gotowebinar.com/register/4502657754822625039?source=BBSC-W11
https://attendee.gotowebinar.com/register/7550513882622380047?source=BBSC-W12
https://attendee.gotowebinar.com/register/2639035023764637452?source=BBSC-W7
https://betterbuildingssolutioncenter.energy.gov/webinars/building-resilient-communities-state-and-local-perspectives
https://betterbuildingssolutioncenter.energy.gov/webinars/innovative-energy-efficiency-financing-public-housing
https://attendee.gotowebinar.com/register/623062862780538128?source=bbsc+w13
https://betterbuildingssolutioncenter.energy.gov/subscribe
https://betterbuildingssolutioncenter.energy.gov/webinars/cpace-financing-turns-10-impacts-challenges-and-what-comes-next
https://betterbuildingssolutioncenter.energy.gov/webinars/swift-20
https://attendee.gotowebinar.com/register/6313874463276213774?source=BBSC-W14
https://betterbuildingssolutioncenter.energy.gov/webinars/planning-resilience-a-portfolio-wide-approach

2020-2021 Better Buildings Webinar Series

SAVE ENERGY AND
MONEY WITH THE
BUILDING ENVELOPE
CAMPAIGN

Tue, Dec 8, 2020 | 3:00 — 4:00 PM ET

REGISTER TODAY

Through the Building Envelope Campaign, DOE is working with building owners to
save energy and money. In this webinar you'll get an update on the Campaign and be
part of an interactive discussion, including hearing from an active participant who will
share best practices on incorporating the campaign into your process. This campaign
IS ongoing and open to new participants. Join the webinar to learn more.

U.S5. DEPARTMENT OF


https://attendee.gotowebinar.com/register/6313874463276213774?source=BBSC-W14

U.S. DEPARTMENT OF

Learn more at: https://betterbuildingssolutioncenter.energy.gov/workforce ENERGY



ON-DEMAND BETTER BUILDINGS WEBINARS

Discover online learning

opportunities today.

* Explore popular topics
« Watch recordings

» Follow along with slides

EEEEEEEEEEEE

Learn more at: https://betterbuildingssolutioncenter.energy.gov/webinars-on-demand ENERGY



Additional
Questions?

Please Contact Us

Follow us on Twitter
@BetterBldgsDOE

Better Buildings Solution Center
https://betterbuildingssolutioncenter.energy.qov/

General Inquiries
BetterBuildings@retechadvisors.com

Program Support
ksanderson@retechadvisors.com

Brad Liljequist
McKinstry
bradl@ McKinstry.com

Barb Frommell
City & County of Denver

Barbara.Frommell@denvergov.org

Shanti Pless

National Renewable
Energy Laboratory
shanti.pless@nrel.qgov

Sarah Zaleski

Nick Edney

McKinstry
NickE@McKinstry.com

Laura Rip
Jacobs Engineering Group
laura.rip@jacobs.com

Ben Polly
National Renewable
Energy Laboratory
ben.polly@nrel.gov

U.S. Department of Energy
sarah.zaleski@ee.doe.gov

U.S. DEPARTMENT OF

ENERGY
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