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Bfreehomes: Experience

 Individual clients, Deep Energy Retrofits & New NZE construction

 Clean NZ Upgrades, Bridgewater

 CHBA Working Group on NZE Renovations

 CANMET/NRCAN Working Group on Pre- Engineered Exterior Panels

 Industry Working Group on Deep Energy Retrofits/Net Zero Energy 

Retrofits



Approaching Net Zero in Existing Houses:
CMHC 2006-2008

 12 house types

 6 cities

 Vintage: 1922 – 2000

 How does climate affect NZEEH?

 Vancouver Bungalow: low EE costs and smaller RE option

 Halifax: best case for GHG reductions



Why Deep Energy Retrofits

 Incremental Renovations – business as usual 

 Energy Efficiency Program Targets: 20 to 30% reduction

Low hanging fruit

***Lock in emissions***

 Deep Energy Retrofits

 50 to 90% in space conditioning and water heating

Phased options

Roadmapped/planned



Why focus on DERs?

 ± 110,000 new houses in Canada/yr

 14.5 million existing houses

 50% of NS housing stock pre-1970

 Improve EE

 Increase density

 Decrease carbon footprint



What’s in a name?

Net Zero Energy/NZE-r

 Produces as much energy as it consumes in a 

year

 Minimized heating and/or cooling loads

 Optimize/Upgrade mechanical equipment

 Optimize base loads

 Install renewables for site-based generation

 The ‘r’ is for ‘ready’ = pre-planning for PV

Deep Energy Retrofit

 50 -90% drop in space & water heating

 Optimize building envelope

 Optimize resiliency/passive survivability

 Minimize mechanical systems

 Barrier free layouts + user friendly details

 Maximize renewables where possible



Reduce energy loads, add renewables

The emphasis is on 

reducing energy 

consumption FIRST



ENERGY GENERATION

WINDOWS, SIDING

SPACE CONDITIONING

WATER HEATING

INSULATION & VENTILATION

DRAFTPROOFING

APPLIANCES

LIGHTING

LIFESTYLE CHOICES

UNDERSTANDING

energy saving measures 

that lead to long-term 

energy security

PV 

Wind

Replace-

ment

Heat Pumps 

Furnaces 

Air Conditioning

Drainwater Heat 

Recovery

Solar Thermal

Attic Walls Foundation

Mechanical Ventilation

Attic  Foundation Caulking

Weatherstripping Window/Door 

Frames

Dishwasher  Clothes Washer/Dryer

Refrigerator/Freezer  Dehumidifier

Compact Fluorescents  Fixtures   LEDs

Temperature Settings Motion Detectors  Power 

Bars/Kill Switches

DEEP ENERGY RETROFIT ROADMAP

low cost/no cost 

energy saving 

measures for non-

permanent aspects of 

the house

Renovation Pyramid



Halifax Gut Rehab:
Income Property

4 bedrooms

Unfinished Attic

Unfinished Basement

Zero insulation

Damaged Windows



Improvement from interior – site constraints



Finished DER

 Bad storage practices = 

pictures on dead disk

SORRY

2 – 4 bed suites

2x living space

50% energy consumption

√ Density

√ Occupancy Tenure

Rent includes utilities



Modelled Business Case

DER = 

1.85x up front 

costs of 

Conventional

Conventional = 

1.7x projected 

costs 

of DER



Passive House Renovation: 
Gagetown NB

100 year old farmhouse

Exterior retrofit

16” thick ‘Larsen Truss’ wall system

Video: RISE



Incremental Retrofits = Half Measures

 Homeowner vs. Property Owner

 Shorter investment horizon

More difficult, more expensive to reach goals

 Lock in emissions for generations

 Delay/save/phase with guidance

 Longer investment horizon needed



DER Phase-by-Phase Ideal Goal

$
INITIAL 

UTILITY 

BILL

UTILITY 

BILL

FINANCE

COSTS

GRAVY



DER Long-Term Feasibility

$

TIME

TOTAL 

SAVINGS

PACE/FINANCING PAYMENTS



Phased Retrofit Plans



Problem: House by House

 Numbers of houses to retrofit

 Amount of energy reduction

 Amount of carbon emissions

We will never make it

We move into bulk, aggregated retrofits

UNLESS



AGGREGATED RETROFITS



What is EnergieSprong?

 NZE retrofit

 Prefabricated façades

 Insulated rooftops + solar panels

 Smart heating/ventilation/cooling

 40 year performance warranty

Photo: Energiesprong on Youtube



Energiesprong Includes Systemic Change

BEFORE 

Energiesprong

RENT

ENERGY

bill

Gas/electr. 

utility

Housing 

association

Refurbishment 

investment

IRR

AFTER 

Energiesprong

RENT

ENERGY

plan

Housing 

association



Financing Mechanism 

 Tenants pay housing association

 Energy service plan = previous energy supplier bill

 Housing association income stream partly funds renos

 LEGISLATION: convert energy bill to energy service fee

Financed by future energy cost savings

Budget for planned maintenance and repairs of 30 yr period

PLUS



Why it works in the Netherlands

 Large social housing network

 Few archetypes, many copies

 Social Enterprise

 Centralized manufacturing

 Tight geographical areas

 High density



How it works in the Netherlands

 EnergieSprong market development teams work with:

1. Regulators: tune policy and regulations

2. Banks: create viable path to scale

Working with 1 & 2 created

For offsite manufacturing & development of industrialized process

MOMENTUM



Within 5 years 
EnergieSprong
Accomplished:

Retrofit 5,000 units

Cut price tag in half

Cut site time to less than 1 week*

Initially did not include solar

Found efficiencies

Trades in-house

10,000 in process

NE PLAN: 110,000 retrofits 



ADVANTAGE: Panelization at Scale



ITERATIONS: become an agent of change



FUNDING for EnergieSprong Demos

 International Funds

 Transition Zero (H2020): UK, France, Netherlands

 E=0 (InterregNWE): UK, France, Luxembourg, Netherlands, 30 demostrators

Mustbe0  (InterregNWE): NW Europe, 9 buildings, 415 units

 National funds

 Philanthropic funders



Advantages of Panelized DERs

 Lowest total cost of ownership

 Less expensive than component by component replacement

 Higher quality control/quality assurance

 Faster, less disruptive to occupants

 Easier to manage

 Better total solution

 Can be done, now – no waiting on technology



What’s Different in Canada?

Many archetypes, fewer copies

 Geographically diverse and dispersed

 Social housing not the norm

 Abbreviated history of social enterprise

 No central manufacturing options

 See bullet #2



PEER: Pre Engineered Exterior Retrofit

Photos: CanmetENERGY, NRCan



NRCan leads Industry Working Group



Rigid Foam Nail Base (SIP)

Squishy Layer

Squishy

Layer

Helps with plumb/square

Absorbs surface 

irregularities

Provides dimensional 

tolerance

Vapour open

Let-in structure

Ties sub-panels into 

superpanel

Stiffens superpanel and 

enables it to be lift into 

place

Integrated lifting 

straps

Graphics: CanmetENERGY, NRCan



Woodframe Standoff Panel

Graphics: CanmetENERGY, NRCan



2017 Proof of Concept Pilot

Performance Metric Baseline Retrofit
% 

Improvement

Tested Airtightness  (ACH@50Pa) 7.62 0.82 89%

Normalized Leakage Area @ 10 Pa 

(cm2/m2)
1.84 0.20 89%

Simulated Heat loss – Walls (GJ) 15.2 4.7 69%

Peak thermal demand (@-25°C) (W) 5760 2540 56%

Thermal Energy Demand Intensity 

(kWh/m2a)
230.3 64.7 72%

Graphics: CanmetENERGY, NRCan



PEER Project Ongoing through 2021
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PEER 2nd Pilot: Ottawa – Nail Base/SIP Panel
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Predicted Energy Reductions

1

OCH PEER Project Energy Use Predictions
Revised:  May 24, 2019
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Features of NZE retrofits: 
• Space heating and domestic hot water energy consumption reduced by 90%

• After retrofits, houses will include air-conditioning option
• Occupant energy use for lighting, appliances and other plug loads will 

remain close current levels (assuming 14% reductions – realistic to achieve 
with ENERGY STAR appliances and LED lighting)

• Current PV specifications provide a net-export buffer to accommodate 
shading, degradation and higher than anticipated occupant loads. 

House
Space 

Heat
DHW

Lights & 

Appliances

Ventilation 

& Fans

Space 

Cooling

Total, 

(GJ/yr)

Space 

Heat
DH W

Lights & 

Appliances

Ventilation 

& Fans

Space 

Cooling

Total, 

(GJ/yr)

Energy 

Generation 

PV, GJ/yr

Net-Zero 

Balance (PV - 

Use)

Energy 

Generation 

PV, GJ/yr

Net-Zero 

Balance (PV - 

Use)

Energy 

Generation 

PV, GJ/yr

Net-Zero 

B alance (PV - 

Use)

Energy 

Generation 

PV, GJ/yr

Net-Zero 

Balance  

(PV - Use)

197 71.7      25.4         25.6          1.2             -         124.0      3.5        5.0       22.2           0.4             3.1         34.2         34.2            0.02-             41.0            6.80             36.8            2.61             35.6            1.45         

199 44.8      25.3         25.6          0.9             -         96.6        2.4        5.0       22.2           0.4             3.1         33.0         34.2            1.11             41.0            7.94             36.8            3.75             35.6            2.59         

201 46.7      24.4         26.1          0.9             -         98.1        2.4        5.0       22.2           0.4             3.1         33.0         34.2            1.11             41.0            7.94             36.8            3.75             35.6            2.59         

203 66.6      25.4         25.6          1.3             -         118.9      3.5        5.0       22.2           0.4             3.1         34.2         34.2            0.01-             41.0            6.81             36.8            2.62             35.6            1.46         

Total 229.9   100.6       103.0        4.1             -         437.6      11.7      20.1     88.8           1.5             12.3      134.4       136.6          2.19             163.9          29.48          147.2          12.73          142.5          8.08         

Energy Generation and Balance

PV O ption 1: 

104x315W CS

PV O ption 2: 

100x365W LG

PV O ption 3: 

112x315W CS

O ption 4: 

112x305W CS

Base Case

Annual Energy Use (GJ)

Post NZE Retrofit

Annual Energy Use (GJ)

Base NZE Retrofits

Ceiling                       2 9.0                                                    6 0.0 
 Eff. R-value, ft2. 

F/Btu 

Main Walls                       1 1.1                                                    3 8.0  Eff. R 

Doors                         1 .6                                                       4 .6  Eff. R 

South Windows                         1 .4                                                       5 .0  Eff. R 

North Windows                         1 .3                                                       4 .8  Eff. R 

Below-grade walls                         1 .1                                                    3 0.0  Eff. R 

Headers                       1 1.1                                                    2 9.4  Eff. R 

Airtightness 10.3 ach@50 Pa 1.8 ach@50

Space heat
Gas furnace, 90% 

AFUE

Space cooling none Heat pump - 25  SEER

Ventilation none

Hot Water

Natural Gas - ID 

Storage tank EF = 

0.56

Rheem XE65T10HD65U1 Hybdri 

Heat PUMP DHW - EF 2.7

Appliances                       6 .30                                                    5 .30 kWh/day/unit

Lighting                       2 .60                                                    1 .00 kWh/day/unit

Other                       9 .70                                                    9 .70 kWh/day/unit

Exterior                       0 .90                                                    0 .90 kWh/day/unit

Canadian Solar CS3K-315 CS3K-305

Module efficiency 18.96% 18.36%

Normal cell temp 45 45 deg C
Temp coeff -0.37 -0.37 %/C

Misc Array Loss 5% 5%

Inverter eff 95% 95%

Other losses 5% 5%

Grid absorption 98% 98%

Dettson Supreme SUP-10-A/M with 0.5 HP ECM and 

Dettson Alize Heat Pump COND 12-01 (SEER 25, 

HSPF 9.0)

Venmar ERV AVS X24 - SRE 84% at 0C and 65 at -25 

C, 28 L/s per unit
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Total Energy Use: 437.6 134.4 70% reduction (adds in mech. vent. & cooling)

Space Heating: 229.9 11.7 95% reduction (enclosure, air leakage, mech. efficiency)
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Chainsaw Retrofit & New Roof

Before

8

12

14.75

12

After
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PV Roof

     EXISTING ATTIC
(UNVENTED CONCEALED SPACE)

NEW ATTIC
     (VENTED)

45 MIN.
FIRE
RATED
HATCH

NEW INSULATION

Air and vapour barrier 

over existing shingles

33 kW PV on South slope

Added insulation

to top of existing roof
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Block 

Demising 

Walls

Graphics: CanmetENERGY, NRCan



Air & Vapour Control Membrane

Graphics: CanmetENERGY, NRCan



1 hr. 

Fire-rated

Wood Frame

Attic Demising Walls

Service Ramp

Attic Access

Through East

Gable Wall

Graphics: CanmetENERGY, NRCan



2-ply x 18”

LVL Beams

Graphics: CanmetENERGY, NRCan



R-60 Insulation

Graphics: CanmetENERGY, NRCan



Pre-fabricated

Panelized Rafter Roof

w/ Standing Seam Metal

Graphics: CanmetENERGY, NRCan



Building Capture:
Process Needs Work

Ottawa:

Survey/Laser Scan

Discrepancies (red/green lines)

Human decisions in process

52

5
1

.8

57.4

5
1

.8



Kestrel Court Residence NZE Retrofit Pilot



Existing Conditions

Residences are showing signs of age

Damage to concrete foundations

Deteriorating finishes

Evidence of moisture damage



6th Semester Building Science Project



Sundance Housing Co-op Phase 1 Pilot



Pilot Project Unit 



Comprehensive Energy Modelling



Challenges with Established Sites…



Building Capture: Photogrammetry (Laser)



Model from a Million Cloud Points



Drawings Map Each Wall Section



Real-world Projects: Foundations & Roofs



Stand-off Panel Construction – On-site



Installation time!



Finished Pilot Project



Interior: Deep Walls = Deep Sills!



KEY: Run the numbers

 Energy Savings Possible

 GHG Reduction Possible

 Financial Package 

 Property owners look at long range 

 PACE could encourage 



Possible How To in Canada:
Basic Panel Shop

32’ x 32’ x 12’ high

Concrete Slab

2x20’ Cont. Storage 

10’ x 18’ Rolling Table

Lifting Rail w/ Chain Hoist
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Challenges

 Building Capture

 Local skilled labour

Municipal champion for PACE



Financing Deep Energy Retrofits

Always the challenge…change the investment horizon and it works



Code v. NZE 30 yr costs (new const)

 Overall cost savings in first year and every year after source: Efficiency Vermont



Take it off the backs of property owners

Municipalities can benefit from stable tax base

 Avoid locking in emissions 

 Avoid short-circuiting appropriate upgrades

 Infrastructure vs. individual responsibility

Treat Energy Efficient Upgrades/GHG Reduction 

as

To amortize improvements over a long period

INFRASTRUCTURE



Who makes the rules?

 Provincial Government

Municipal Government Act (or City Charter)

 Allows municipality to take on PACE or LIC 

 Defines what is allowed – energy, water, C-CAPS

Municipal Government

 Bylaws

 Risk Thresholds

 Program Financing Caps

21 Oct 2019 73Home Modification Council - CHBA



Definitions

PACE 

Property Assessed Clean Energy

LIC 

Local Improvement Charge



PACE

 PACE originated in the USA in 2008

 Energy Efficiency/Renewable Energy

 Financed like infrastructure

 Not tied to federal funding programs

 PACE voluntarily added to property tax bill 

 Remains with the property not the occupant upon sale 



Local Improvement Charge (LIC)

 Funding for infrastructure projects

 Gov’t issues bond

Municipality amortizes capital costs 

 Fixed annual charge on a property for X years 

 Addition to property taxes (not voluntary) 

 Lien stays with property



PACE in US - Since 2008

 Over 200,000 homeowners 

 +$5 billion in EE & other improvements

 Enabled through state legislation

 Authorized at the local government level

 Municipalities:

 Directly administer residential PACE programs

OR

 Develop public-private partnerships w/PACE providers



PACE Enabled via Legislation

The Municipality

1. Assesses the loan as a Local Improvement Charge on Property tax 

bill 

2. The municipality acts as a ‘conduit’

Tax account collects from homeowner

To PACE program funders

passes payment



How it works – Funding Sources

 PACE program accepts loan payments from municipality 

 Loans warehoused together and securitized into bonds

 PACE bonds are safe investments:

 Few defaults on property taxes

 Property is used as collateral

 Cash purchases provide new capital for new PACE loans 



Financing Map



How it works - Homeowner

 Repayable before all other liens 

 Assessed property taxes & home equity

 No credit score required for approval 

 Does NOT add to household debt 

 Uses property as collateral for repayment

Mortgage lenders approached for permission 



PACE Programs in Canada

Nova Scotia

1. Halifax Regional Municipality

2. Guysborough County

3. Town of Bridgewater

4. Municipality & District of Lunenburg

5. Town of Digby

6. Town of Yarmouth

7. Town of Shelburne

8. Town of Barrington

9. Cumberland County

10. Town of Amherst

11. Colchester County

12. Town of Berwick

13. Town of Inverness

14. Richmond County (2014)

Rest of Canada

1. Toronto

2. Quebec

3. Quebec

4. Quebec

5. Vancouver

Department of Energy & Mines 

offers start-up money for PACE

21 Oct 2019 82Home Modification Council - CHBA



Canadianization of Energiesprong?

PEER Technical Solutions - Researched & Piloted Now

PACE/LIC financing that puts projects on long investment horizon

PLUS


