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Agenda

 Part 1: Introduction to Net-Zero Energy Emissions (NZEE)
— Canadian environmental landscape scan
— Relationship between energy and GHG emissions
— Types of Green Buildings and how to retrofit to lower-carbon

« Part 2: Markham’s NZEE Study and Pilot
— Pilot purpose, goals and objectives
— How property type and specific buildings were selected
— Major milestone timeline
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Markham’s NZEE Study &
Pilot Project
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Pilot Purpose

Study, research, and design an archetypal model and retrofit framework that will create pathways for
facilities to achieve Net-Zero Energy Emissions (NZEE) via:

* energy conservation,
* energy efficiency (including electrification and heat recovery),
* on-site renewable energy, and

. . The Energy Pyramid
* purchasing local renewable energy credits &)




Pllot Objectives

Retrofit (and construct) buildings to NZEE (environmental)

Reduce utility bills, maintenance costs, and mitigate capital costs

(economic)
Improve building quality, comfort, health and resilience (social)
Increase internal communication, awareness, and capacity

Support sector transformation
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What Goes Into a Net-Zero Home?

Houses can be built with such energy efficiency that their electricity needs are offset by a few
rooftop solar panels. Here are some of the ways builders make homes net-zero energy.

Awell-insulated
attic keeps heat
from escaping

Solar panels
provide
electricity

Heat recovery
ventilators keep air
fresh and capture heat

a

LED lighting

Sealing exterior
sheathing and
interior drywall
avoids air
leakage

Framing techniques
like double-stud
walls aIIow more

Air-source heat ‘/l "I ‘ ‘*‘
pumps provide

energy-efficient Chet !

heating and 2 Energy Star-

cooling certified

appliances

Heat-pump water Energy (refrigerator,
heaters are 2-3 times  storage is a Insulating basement dishwasher,
more efficient than ~ potential walls from the outside range, clothes
traditional ones add-on helps keep out the cold washer & dryer)

SOURCE: InsideClimate News research PAUL HORN / InsideClimate News
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Project Scope

Phase | (Completed in November — February 2021)

1. Review, analyze, and benchmark historic energy and GHG data for each property type
2. Select one type of building to prototype

3. Identify and recommend building candidates

4. Present results, build awareness, and generate buy-in and support for this project
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Baseline energy-
efficiency and

Operational &
Implementation
considerations

Data Availability

Capital renewal
schedule

Sub-Criteria

Baszeline energy-efficiency

Description

Relatively similar energy end-use breakdown, load profiles, and narrow energy-
efficiency performance range (energy intensity in ekWh/sqgft)

Baseline GHG-efficiency

Within budeet

Relatively similar energy end-use breakdowns, GHG profiles, and narrow GHG-
efficiency performance range (GHG intensity in Kgfsqft)

Energy & GHG audit costs typically increase as building size increases. Smaller
facilities are typically less expensive to audit relative to larger facilities

Unique Property Type

Study and model how to migrate a class of properties and systems towards NZE

Operational during study pericd

Is {or will) the facility be operational during the study period

Staff availability

Are staff available to participate in a site visit and answer study guestions

Impact to service

Impacts to level of service during energy improvement renovations

Ability to modify facility

Hourly interval data

Heritage facilities pose additional challenges due to limitations with modifying the
characteristics (aesthetics) of the facility and property.

At least 3 years of hourly electricity and/or natural gas data

3 years of utility data

Separately metered facility with at least 3 years of complete utility bill data

Complete drawing set and LC

Major capital projects

Complete drawing set available and capital planning in Lifecycle database

Major equipment renewals with less than 1/3rd equipment life remaining

Capital renewals that could
incorporate heat-recovery

Is there an existing heat recovery system or could we add one via Lifecycle within
next 5 to 10 years (geothermal, heat pumps, HRVs, ERVS)

Type of space heating systems

Existing systems installed ar

feaszibility studies completed

Electric, natural gas fired, hydronic or radiant heating

Renewable energy generating potential
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Flre Stations are the best type of building for NZEE Pilot!

Largest portfolio of closely related buildings with most comparable building characteristics, and
‘

energy & GHG data (will produce the most accurate and reliable models)

Highest portfolio percentage of Level 1 energy audits completed (55%) for that property
type within the last 5 years

‘ Best budget choice due to size and common and overlapping building characteristics

Only property type where all facilities have benefited from preliminary solar PV studies

Service considered "essential" and is the only property type with all buildings occupied
and fully operational during COVID-19 pandemic

Leading by example with a fire station NZEE retrofit roadmap will strongly support sector
transformation and increased building resilience in Markham’s community




Fire Stations were selected based on energy/GHG intensity,
Capital renewal schedule, and renewable energy potential

Fire Station Energy Intensity Comparison

Fire Station GHG Intensity per Energy Source (Kg/sqft)
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Fire Station 93 — most energy & GHG efficient, GSHP

Fire Station 94 — “typical” inefficient fire station, major
equipment due for replacement, high solar potential

equipment due for replacement, high solar potential

Fire Station 97 — “typical” median efficient fire station,
moderate equipment replacement

VIARKHAM
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Project Scope

Phase Il

1. Solicit services from a consultant to complete the recommendations from the report per RFP Scope:

Create a baseline and NZEE archetypal models

Contrast and recommend design standards/certifications

Set performance metrics

Complete energy audits and net-zero studies at each pilot facility
|dentify cost-effective solutions

Develop a modular net-zero retrofit framework, design, tender spec/language, and analysis tools (financial,
energy, GHG)

g. Create customized net-zero retrofit roadmaps

h. Facilitate stakeholder engagement and capacity building including a report & presentation to Council
2. Review retrofit options and select preferred roadmap to achieve NZEE for each facility
3. Discussion and/or policy on how to address the incremental capital cost

a. Review potential to apply for grant funds to offset the incremental cost

-0 Qo0 oW
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Action Item Timeline
Present and verify content, assumptions, and recommendations [BLEEylel=lgwlorIe]
in this report

Select facilities to participate in pilot study December 2020 — February 2021
RFP Scope Research & Development January — February 2021

Present and receive consensus from team on scope and
approach

Solicit and award services for an external consultant to complete LUELE i IiIPIpX
the recommendations in the report per RFP Scope

Study Period - complete deliverables outlined in RFP Scope May — November 2021

Review retrofit options and select preferred pathways to NZEE ~ [BEE=nl 1A i1,V [gplopp)
Discussion and/or policy on how to address the incremental January - May 2022
capital cost

- Review and apply for grant funding (if available)

Design & retrofit pilot facilities to NZEE 2023-2031
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Support Slides



Strong climate change commitment across Canada
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Strong climate change commitment across Canada
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2030

Goal: Reduce GHGs by 30% below 2005 levels by 2030

* Phase out coal-fired electricity generation

* Add more stringent regulations to natural gas-fired electricity
generation

FEderaI * S15B toward climate initiatives

* “Net-Zero Energy Ready” model building codes

* Model energy building codes for existing buildings (by 2022)

2050
Goal: Net-Zero GHG emissions by 2050
e 100% of electricity generated by low-carbon sources

PAN-CANADIAN FRAMEWORK

¥

on Clean Growth
and Climate Change
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Strong climate change commitment across Canada
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Carbon Pricing MNatural Gas Electricity Gasoline
S/tonne 5/m3 Effective $/kWh Effective $/L Effective

2017] $ I 0.26 | $ 0.140 | $ 1.00

2018| $ 10.00 | $ 0.28 | $ 0.140 | $ 1.02

2019| $ 20.00 | $ 0.30 | $ 0.141 | $ 1os || Rate Increase
2020| $ 30.00 | $ 032 | $ 0.141 | $ 107 || Natural Gas — 124%
2021| $ 40.00 | $ 0.34 | § 0.142 | $ 1.09 o

2022| $ 50.00 | $ 0.35 | $ 0.142 | § 112 || Electricity — 5%
2023| $ 65.00 | $ 0.38 | $ 0.143 | $ 115 || Gasoline — 39%
2024| $ 80.00 | $ 0.41 | $ 0.143 | § 1.19

2025| $ 95.00 | $ 0.44 | $ 0.144 | $ 1.22

2026/ §  110.00 | S 0.47 | $ 0.145 | $ 1.25

2027| §  125.00 | S 0.50 | $ 0.145 | $ 1.29

2028 §  140.00 | S 053 | $ 0.146 | $ 1.32

2029 §  155.00 | S 0.55 | $ 0.147 | $ 1.36

2030/ §  170.00 | $ 0.58 | $ 0.147 | § 1.39
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Buildings represent a significant portion of local and national GHG emissions

Markham’s Community Energy & GHG Emissions by Sector

ENERGY USE BY SECTOR

® Residential EMISSIONS BY SECTOR
®m Commercial

® Industrial
® Transportation
Local energy production

M Buildings
M Transportation

Waste &
wastewater

Markham Buildings:
66% Energy Use
49% GHG Emissions

W Fugitive
emissions

Source: Markham’s MEP “Getting to Zero”

Source: Markham’s MEP “Getting to Zero”

“Over 50% of existing buildings will still be in operation in 2050”
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HG emissions

Markham’s Corporate GHG Emissions by Sector Markham’s Community GHG Emissions by Sector

2017 Corporate GHG Emissions by Source EMISSIONS BY SECTOR

Vehicles (fleet,
zamboni)
17%

M Buildings

B Transportation

Streetlighting
5%
Waste &
Facilities - wastewater
Electric W Fugitive
Sources Facilities - emissions
13%

Heating Fuel
65%

= Facilities - Heating Fuel = Facilities - Electric reetlighting = Vehicles (fleet, zamboni)

Source: Markham’s MEP “Getting to Zero”
Source: Markham’s 2019 Corporate Energy Management Plan (CEMP)

“Over 50% of existing buildings will still be in operation in 2050”
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Resndentlal Energy Use by End Use, 2017

54 “
3%
SPACE HEATING

WATER HEATI 62% - 81% of
the overall
energy is used
for space and
water heating

Commercial Energy Use by
End Use, 2017

E COOLING STREET LIGHTING

LIGHTING

13%

AUXILIARY
MOTORS

4%

AUXILIARY
EQUIPMENT

15%

Proportion of GHG emissions

100%:
1%
BO%
M
B{I1%

S50%:
A%
0%
20%
10%

O

93%

H

H

Lovw carbon & le ctridity

grids

65%

H
Mo derate carban
electricity grids

49%

H
High carbon electrcity
grids

Source: Dunsky Study and FCM'’s Municipal Energy Roadmap

VIARKHAM

Focusing on space and water heating will improve
energy-efficiency and reduce GHGs

B Space Heaking
Water Heating
FlugLoads
Lighting
Auxiliary Mokors

B Space Cooling
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Types of target —

(2030)

Buildings

“Net-Zero Carbon” offers the

— Limitations

May use fossil fuels or electricity
for heating

Could become “nat zero energy”
with the addition of solar panels
or other renewables

May use fossil fuels or electricity
for heating

Generates as much energy on site
or nearby as it uses on an annual

basis

= Still emits carbon pollution if using gas on site

= Carbon pollution from electricity use will
decrease over time 2s coal and natural gas are
replaced by renewables

= Still emits carbon pollution if using gas on site

= Not all buildings have solar potential

= (eneration may not match demand; fossil fue
burning power plants may still be neaded
during peak hours, leading to higher electricity
rates

best compromise of
aggressively and affordably
reducing building energy &
GHG emissions

May use fossil fuels or electricity
for heating

Fossil fugl use {on-site or on the
orid) is offset with the purchase
or generation of low-carbon
energy

= Still emits carbon pollution if using gas on site

= Carbon offsets are achieved only if purchased
tlean energy displaces high-emissions energy

SU0[12NPpaJ SUOISSIWa uo Ajuielsa)

340N

A
C
/;__:._'\ Net Zero
@ Energy
— Ready
SR N
"\ Net Zero
® Energy"
:::.::::_I:-:jz -
7 ____f-‘_r\ Net Zero
«l|| Carbon?
RN
o u— Zero Carbon
47~ Tero Carbon
i T PN & Grid
= % .
4 ﬂ- Interactive

No fossil fuel burned on site
Only uses clean electricity or
low-carbon fuels

No fossil fuel burned on site

» Increased demand on dlean electricity grids

(Generation and load are optimized to mest the needs of the grid
Provides energy storage and/or load management to relieve grid demands

Source: Pembina Institutes Five Types of Green Buildings Explained
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crucial joints too meet the
rules of avoiding thermal
bridging

Super-airtight and insulated
building envelope

e Highly insulated building structure and
components

¢ Air-tight and reduced thermal bridging

Operated efficiently with super
energy efficiency equipment
e Ventilation with heat recovery

e Rightsized heating and cooling systems
e Water heating

e Electrical loads (appliances, lighting)

@\RKHAM

Renewable Energy

e Low-carbon energy sources
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NZEE Benefits

VIARKHAM

Social

Economic




Heat Pumping Supporting Data _

Heat Pumps vs. Gas?

Air Source Heat Pump
* Domestic water Heat Pumps — very attractive

» By 2030 many applications of ASHP will be comparable in operating
cost to gas

Water Source or Geothermal Heat Pump HEATING TECHNOLOGIES

» Heat Pump beats free cooling HX by 2023
» Geothermal systems 30-40% savings vs. gas in 2030

vt

GEOTHERMAL SYSTEMS AIR SOURCE HEAT PUMPS

GAS HEATING

ELECTRIC
RESISTANCE HEAT PUMPS




Carbon Budgeting — Measuring an Organization’s GHG Emissions

COZ SFQ CH4 Nzo
DIRECT
INDIRECT EMISSIONS
EMISSIONS FROM
PURCHASED ENERGY
PURCHASE OF
ELECTRICITY, HEAT]
OR STEAM

—3

COMBUSTION
OF FOSSIL
FUELS
O™0

COMPANY
VEHICLES

SCOPE 2 SCOPE1

NF;: HFCs PFCs

OTHER INDIRECT

3

EMISSIONS
BUSINESS
TREATMENT OF TRIPS
PURCHASED
MATERIALS AND
SERVICES
WASTE
MANAGEMENT
PROCESSED
PRODUCTS
RENTING OR
LEASING
OUTSOURCED
ACTIVITIES VEHICLES

SCOPE 3



2017 Corporate Greenhouse Gas Emissions by Source

City of Markham’s GHG Profile

2017 Corporate GHG Emissions by Source

Source: Markham’s 2019 Corporate Energy Management Plan

Source Category Total COze(Kg) GHG Emissions by Source (%)
Facilities - Natural Gas 5,700,000 50 Vehicles (fleet,
Facilities — District Hot Water 1,660,000 15 zamboni)
Facilities - Electricity 1,410,000 12 17%
Fleet - Unleaded Fuel 1,060,000 9
Fleet - Biodiesel BS 560,000 5
Traffic & Street Lights 550,000 5
Fleet - Biodiesel B20 280,000 2
Propane (Zamboni) 70,000 1
Facilities — District Chilled Water 60,000 1 El .

ectric Sources
Total 11,360,000 100

18%

Facilities - Heating
Fuel
65%

m Electric Sources

m Facilities - Heating Fuel = Vehicles (fleet, zamboni)


https://www.markham.ca/wps/portal/home/about/sustainability/energy/corporate-energy-mgmt-plan/cemp-2019

