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• Retrofit relevance

• The problem 

• Electrification - reinventing fire? 

• The big idea (solution approach)

• System approaches

• Case Study (Colonial II)

• Mechanical Pod Development

Agenda



U.S. Energy Information Administration

• Total Housing Units in the US: ~ 
145,000,000

• New Housing Units: ~ 1%/year

Deep Energy Retrofits are key to reducing the 
carbon intensity of the housing sector.

The Importance of Deep Energy Retrofits



The Opportunity











Project Optimization

Apply Passive 
Building 
Principals to 
Comfort and 
Hot Water



The “Cost Effective” Deep Energy Retrofit

The Holy Grail of Building Energy Savings

Courtesy of Monty Python



Challenges:
• Limitations on exterior insulation
• Electrical service capacity
• Equipment availability
• COST

Objectives:
• Dramatic Building Energy Savings (>50%) 
• Retrofit-in-place
• Electrification



Insulate the Envelope

Exterior Interior



Electrification – Space Heat / Cool
Air-to-Air Air-to-Water Water-to-Air Water-to-Water



Electrification - DHW



System Approach

Can we penetrate the exterior envelope?
• Historic Envelope?
• Lot Line Issues?



System Approach

YES – Apartment Level Solutions
• Ventilation and Condenser Air From 

Facade
• Mechanical Pod? 
• PTAC?
• WSHP?

Can we penetrate the exterior envelope?



If we can’t penetrate the exterior: Can 
we fit ductwork in the corridor?

System Approach

YES
• Ventilation Air from Rooftop DOAS/ERV
• Space Conditioning:

• Water source heat pumps?
• Hydronic fan coils?
• VRF?

• Heat Pump Based Central Plant:
• Air Source Heat Pumps?
• Geothermal?
• Solar HW?
• VRF?

DOAs ERV
HEAT PUMP 

CENTRAL PLANT



4-pipe or 2-pipe hydronic system

System Approach

Advantages
• High Efficiency
• Opportunities for heat recovery to 

domestic hot water in central DHW 
system

Disadvantages
• Cost of piping is high if not already 

there

DOAs ERV
HEAT PUMP 

CENTRAL PLANT



Water-source heat pumps

System Approach

Advantages
• Neutral water piped through the 

building. Can re-use existing heating 
water piping

• Can capture waste heat for domestic 
hot water heating in a central DHW 
plant

Disadvantages
• Compressor in every apartment
• Lower COP if using air-to-water heat 

pumps in central plant

DOAs ERV
HEAT PUMP 

CENTRAL PLANT



Ground / Solar-source heat pumps

System Approach

Advantages
• Very low energy use
• Can be integrated with solar
• Lower maintenance costs
• Heat recovery to DHW possible
Disadvantages
• Requires real estate for geothermal 

wells
• High cost, but lower now with tax 

credits available, that apply to full 
HVAC system

• Compressor in every apartment

DOAs ERV

Ground Loop 

Vertical Wells



VRF

System Approach

Advantages
• Less costly than hydronic
Disadvantages
• Requires refrigerant line-sets to be run 

throughout the building
• High potential refrigerant loss, with 

high global warming potential
• High embodied carbon content of 

refrigerant
• High maintenance costs

DOAs ERV
VRF CENTRAL 

PLANT



HW Heater Sizing

HW heaters are oversized based on 
outdated assumptions for fixture flow, 
and occupant diversity.

Example: 
- 60 occupant apartment building
- Standard ASHRAE assumptions:

- 210 gallons storage
- 82,000 BTU/HR heater

- Adjusted for modern fixtures and Diversity:
- 110 gallons storage
- 41,000 BTU/HR heater



Adapted from ASHRAE Handbook

HW Consumption Design Data

y = 0.1532x0.691
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ASHRAE Useage Profile Chart

HIGH

• Know your population

• Use measured 
consumption data if 
possible

LOW

MED



HW Consumption Measured Data

HW Consumption 
Study for 95 unit 
Senior Housing 
apartment building.

24 hour monitoring study.  Courtesy of IntelliHot

MEASURED USE PEAK 
LOWER THEN DESIGN

DEMAND ALMOST 
NEVER OFF

24 HOUR DATA



IAPMO



Electrification

• Benefits
• Carbon reduction 

• Safety

• IAQ

• Local Air Quality

• Barriers
• Heating loads

• Electrical Infrastructure

• Relative cost of Gas / Electricity

• Immature heat pump market in 
the US

• Outside design temperature?



Colonial II 
A Net-Zero Energy Retrofit



Colonial II

Pre- Retrofit EUI: 117 kBTU/sqft!

Window 
Box A/C

Masonry Construction: 
No Wall Insulation



Colonial II

Ancient Gas Boilers:
2 x 2.6 MMBTU/hr

Gas HW Heaters:
2 x 300kBTU/hr



Colonial II

New Air 
Barrier

New 
Exterior 
Insulation

New 
Windows



WATER-SOURCE 
HEAT PUMP

ERV

Colonial II

All-In One 
Heat Pump

Simple 
Ductwork

Interior Retrofit 99 to 74 Apartments

~1,000,000 BTU/HR 
OF HEAT PUMP 
INSTALLED



INTEGRATED HEAT 
PUMP WITH ERV

~0.9 W/SQFT

ASE 85%

TRE 67%

Colonial II



Exhaust

Fresh Air

BR Exhaust

Ground Source 

Heat Pump

Electrical Riser 

Powers Heat Pumps

Ground Loop 

Vertical Wells

Colonial II



Colonial II

All-in One WS 
Heat Pump

Geothermal 
Manifold



Colonial II

Vertical Geothermal 
Well Field

Solar Field Above 
Well Field



Colonial II

• New electrical service – 3000 A / 
208 V / 3 Phase

• Old electrical service - 1400 A / 
208 V / 3 Phase

Required New Fire 
Pump, and Solar Field 

Required Electrical 
Service Upgrade



Colonial II

• HW consumption of 
building population 
measured prior to 
retrofit

• Pre-retrofit condition: 
• 99 Apartments

• Low flow fixtures

Measured HW Consumption: Courtesy of Klein and Skinner



Colonial II
4 x 15k BTU/hr

CO2 Heat Pumps

360 GALLONS OF 
STORAGE

HEAT PUMP HW 
HEATER – SWING 

TANKS

HW 
OUT

RE-
CIRC

CW IN

ELECTRIC BACK-
UP HEAT

HEAT PUMP 
CAPACITY ~12% OF 

ORIGINAL GAS 
CAPACITY!



Colonial II
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Pre-Retrofit and Modeled Energy Performance



WS HP

ERV

Air to water 

HP and fluid 

cooler

Exhaust

Fresh Air

Indoor Pod

Hydronic piping run 

behind cladding DHW generated 

from rooftop 

equipment and 

distributed 

through existing 

piping if in good 

condition [Heat 

Recovery]

Mechanical Pod Development





Photo Credit: Ezra Staengl

Galen Staengl, PE, LEED BD+C CHPC

Thank You

Staengl Engineering
1747 Allied St.
Suite L
Charlottesville, VA 22903
(434)295-8105
gstaengl@staenglengineering.com
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