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Welcome & Intro 1:45-1:50pm

Northfield Savings Bank 1:50-2:20pm

Middlebury Town Office 2:20-2:50pm

Waterbury Municipal Complex 2:50-3:20pm

Break 3:20-3:30pm

Vermont Public Radio 3:30-4:00pm

Waitsfield Town Offices 4:00-4:30pm

Efficiency Vermont Summary 4:30-4:45pm

Questions & Discussion 4:45-5:00pm

Agenda



Efficiency Vermont's Net Zero Energy Building Program

• Purpose

• Net Zero Definition

• Government

• Professional Organizations

• Market Status

• EVT Program Requirements

Introduction
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Northfield Savings Bank 
Central Operations Center

• Agenda

• Client

• Building Design Overview

• Review Building  Design Systems

• Roof, Wall, Window, and Floor Assemblies

• Mechanical

• Electrical

• Data Center

• Commissioning

• Envelope Testing

• Modeling and Performance

• Lessons Learned



Northfield Savings Bank – Project TEAM
Central Operations Center

• Mechanical Engineering: John F. Penney Consulting Services

• Electrical Engineering: Bob Kischko, Sylvia Miller,

Dubois and King, Inc. 

• EVT Consultant: Nick Thiltgen,

Efficiency Vermont

• Commissioning Agent: Elizabeth Ford, John Butterfield

Hallam ICS

• Contractors: EF Wall, Norway Electric, Brownell Mechanical, Control 
Tech

• Civil Engineer: Ron Lyon, Dubois and King;  Landscape Architect: John 
Steele, Dubois and King;  Structural Engineer: Barb Evans, Knight 
Consulting Engineers;  Security Consultant: BSA Security Integrators;  
Audio Visual Consultant: Peter Wild, Geer Sound Owner’s Rep: Paul Simon, 
White and Burke;  Clerk of the Works: Bernie Chenette; 



Northfield Savings Bank – Client 
Central Operations Center

“The final solution needs to 

be practical, efficient 
and cost effective” 
(and beautiful).

Tom Pelletier, 
Former NSB President
(and GBA)



Northfield Savings Bank – Client
Central Operations Center

“designed to maximize the 
interior environmental conditions 
for 

indoor air quality and 
comfort 
while being 

energy efficient”



Northfield Savings Bank – Client 
Central Operations Center

This building is 

NOT 
Net Zero



Northfield Savings Bank – Project INFO
Central Operations Center

• AREA: 20,700 square feet

• DATE OF COMPLETION: June, 2015

• LOCATION: Berlin, Vermont

• ANTICIPATED OCCUPANCY: 75 



Northfield Savings Bank – Project INFO
Central Operations Center















Northfield Savings Bank – ROOF
Central Operations Center

ROOF SYSTEM: 

• 80 MIL TPO Membrane,         



Northfield Savings Bank – ROOF
Central Operations Center

ROOF SYSTEM: 

• 80 MIL TPO Membrane,         

• 2 layers of 3” Polyiso



Northfield Savings Bank – ROOF
Central Operations Center

ROOF SYSTEM: 

• 80 MIL TPO Membrane,         

• 2 layers of 3” Polyiso

• ½” adhered Poly-iso
coverboard



Northfield Savings Bank – ROOF
Central Operations Center

ROOF SYSTEM: 

• 80 MIL TPO Membrane,         

• 2 layers of 3” Polyiso

• ½” adhered Poly-iso
coverboard

• Tyvek Building Wrap



• CODE MINIMUM   

• R-30

• DESIGNED SYSTEM 

• R-39  

• LTTR of r-5.6 per inch for PolyIso

• Energy Model compared 6” to 9”  =  

• Decreased energy costs by $113/ 
year.

• Additional 3” insulation = $17,500.   

• 154 year simple calc payback.

NSB
Central Operations Center



NSB
Central Operations Center

ROOF and WALL SYSTEMS: 

• Air Barrier Continuity



Northfield Savings Bank – Walls
Central Operations Center

WALL SYSTEM: 

• Brick or Aluminum Panel
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Northfield Savings Bank – Walls
Central Operations Center

WALL SYSTEM: 

• Brick or Aluminum Panel

• Drainage and Air Cavity

• 3” High Density Mineral 
Wool

• ZIP Sheathing

• 2x6 Framing 24”oc and 
Dense Pack Cellulose



• CODE MINIMUM 

• Steel Framed R-13 Cavity and R-7.5 
Continuous

• DESIGNED SYSTEM

• Wood Framed with: 

• R-20 Cellulose Cavity:

• R-12 Continuous ROXUL CIS: Vapor 
Permeable, Non-Combustible, High 
density, Water Repellant

Northfield Savings Bank 
Central Operations Center



Northfield Savings Bank – Walls
Central Operations Center

WALL SYSTEM: 

• Reduce Thermal Bridging



Northfield Savings Bank – Walls
Central Operations Center

WALL SYSTEM: 

• Work thru flashings



Northfield Savings Bank – Walls
Central Operations Center
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Northfield Savings Bank – Walls
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Northfield Savings Bank – Walls
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Northfield Savings Bank – Walls
Central Operations Center



NSB
Central Operations Center

• CODE MINIMUM  

• Non-Metal frame rated at U-0.35 (R-
2.9) and SHGC-0.40

• Glazing 31% of above Grade wall area

• DESIGNED SYSTEM 

• Fixed Fiberglass Framed Triple Pane 

• NFRC whole window R-Value of 6.7 

(U Value = .15)

• SHGC .28  (less solar heat 
transmitted)

• PPG Solarban 60 on 2nd and 5th

Surfaces

• Glazing 26% of above grade wall area



Northfield Savings Bank – Windows
Central Operations Center

DAYLIGHTING SYSTEM: 

• R-6.7 Triple Pane 
Fiberglass Window System
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Northfield Savings Bank – Windows
Central Operations Center

DAYLIGHTING SYSTEM: 

• R-6.7 Triple Pane 
Fiberglass Window System

• 1” Polyiso at window 
perimeter

• Interior Light louver system

• 5% Light Filtering Shades



Northfield Savings Bank – Daylighting
Central Operations Center



NSB 
Central Operations Center



Northfield Savings Bank – SLAB
Central Operations Center

• CODE MINIMUM 

• Slab with R-10 insulation for 48” vertically and 
nothing under slab

• DESIGNED SYSTEM  

• R-20 XPS Walls 

• R-10 XPS at Slab edge

• R-10 XPS continuous under slab

• Energy Model compared 2” to 4” underslab
insulation =  Decreased energy costs by $215/ 
year.

• Additional 2” insulation = $17,100.   80 year 
payback.



Northfield Savings Bank – SLAB
Central Operations Center



Northfield Savings Bank – SLAB
Central Operations Center



Northfield Savings Bank – MECHANICAL
Central Operations Center

Code-Minimum Northfield Savings Bank Notes

Heating Propane rooftop 
units 
80% efficiency

(32) Water-Source Heat
Pumps,
• Average  rating of 5.2 COP,
• 505 MBh capacity

(2) Propane Fired Boilers 
• Rated at 95.9% efficiency, 
• 275 MBh capacity

Boilers add 
heat to water 
loop if 
necessary



Northfield Savings Bank – MECHANICAL
Central Operations Center
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Northfield Savings Bank – MECHANICAL
Central Operations Center

Code-Minimum Northfield Savings Bank Notes

Cooling Electric DX-cooling 
rated at 11.0 EER, 
11.2 IEER

(32) Water-Source Heat
Pumps,
• Avg. rating of 16.3 EER, 
• 37.5 tons total capacity

Cooling tower 
rejects heat from 
water loop if 
necessary

Cooling –
Data Center

Electric DX-cooling
air-conditioning unit, 
rated at 11.0 EER

(2) Water-Source Heat 
Pumps, 
• Rated at 10.6 EER, 
• 16 tons total capacity

Heat pumps reject 
waste heat to 
water loop for re-
use



Northfield Savings Bank – MECHANICAL
Central Operations Center

Code-Minimum Northfield Savings Bank Notes

Ventilation No energy 
recovery

Energy Recovery Ventilation
• 75% recovery 
effectiveness

Wheel-type ERV

Domestic 
Hot Water

Gas-fired storage 
tank, rated at 58% 
EF

Storage tank 
• Indirectly heated from 
boilers
• 30 gallon



Northfield Savings Bank – MECHANICAL
Central Operations Center



Northfield Savings Bank – INTERIOR 
LIGHTING 
Central Operations Center

Code-Minimum Northfield Savings Bank Notes

Interior Lighting 
Power

1.01 watts/ sq. ft. 0.67 watts/sq. ft., 34% reduction

Metering None Electrical sub-
metering for major 
end-uses, also propane 
metering

Data Center and 
Boiler



Northfield Savings Bank – ELECTRICAL 
Central Operations Center

Code-Minimum Northfield Savings Bank Notes

Interior Lighting 
Controls

No daylighting 
controls

Daylighting controls 
in perimeter spaces 
where appropriate

Total of 20 
daylighting sensors 
throughout

No occupancy 
sensors

Occupancy sensors 
in almost all spaces, 
otherwise time-clock

Total of 84 
occupancy sensors 
throughout

Dimming controls 
in many spaces

Dimming controls in 
many spaces

Total of 47 dimming 
controls throughout



NSB – INTERIOR LIGHTING 
Central Operations Center



NSB – INTERIOR LIGHTING 
Central Operations Center



NSB – INTERIOR LIGHTING 
Central Operations Center



Northfield Savings Bank – ELECTRICAL 
Central Operations Center

Code-Minimum Northfield Savings Bank Notes

Exterior Lighting Power 3,500 watts 1,600 watts, 
• Qualified LED fixtures

55% reduction



Northfield Savings Bank – ELECTRICAL 
Central Operations Center



Northfield Savings Bank – ELECTRICAL 
Central Operations Center



Northfield Savings Bank – ELECTRICAL 
Central Operations Center

52 kw
Generation = 45 kW 



Northfield Savings Bank – Data Center
Central Operations Center



Northfield Savings Bank – Data Center
Central Operations Center

Code-Minimum Northfield Savings Bank Notes

Cooling -
Data 
Center

Electric DX-cooling 
computer room 
air-conditioning 
unit, rated at 11.0 
EER

(2) Water-source heat 
pumps, 
• rated at 10.6 EER, 
• 16 tons total capacity

Heat pumps reject 
waste heat to water 
loop for re-use



Northfield Savings Bank – Data Center
Central Operations Center

• DATA CENTER

• Heat will be rejected to the water loop and either redistributed where 
called for or rejected thru the cooling tower.

• The data center, centrally located within the building, will reject heat 
year round.

• Any lack of heat energy within the loop is supplemented by the gas-
fired boiler system while any excess heat is rejected through the 
cooling tower.

• The data center contributes roughly 109,400,000 BTU’s during the 
heating months.

• By recapturing the heat generated by the data center roughly 1200 
gallons of LP Gas fuel can be saved annually.”



Northfield Savings Bank – Commissioning
Central Operations Center

Design Phase and 

Construction Phase

Mechanical, Electrical



Northfield Savings Bank – Air Sealing
Central Operations Center

• CODE MINIMUM 

• Test at .5 cfm/sq. ft of above grade surface area at 50 Pa pressure

• DESIGNED SYSTEM  

• Third Party testing by Zero by Degrees with goal of .1 CFM/SF of 
above grade surface area at 50 Pa pressure.

• Test 1: Typical Window Water Penetration Testing

• Test 2: Infrared Testing

• Test 3: Preliminary Blower Door Testing

• Test 4: Final Blower Door Testing



Northfield Savings Bank – Air Sealing
Central Operations Center

TEST 1
WATER TESTING

• Water Testing of 
Typical Window with -
75 Pascal negative 
pressure

• Water delivered 
uniformly at 5 
gallons/ sf/ hour



Northfield Savings Bank – Air Sealing
Central Operations Center

TEST 1
WATER TESTING



Northfield Savings Bank – Air Sealing
Central Operations Center

TEST 1
WATER TESTING



Northfield Savings Bank – Air Sealing
Central Operations Center

TEST 2-
INFRARED 
TESTING



Northfield Savings Bank – Air Sealing
Central Operations Center

TEST 3- PRELIMINARY BLOWER DOOR



Northfield Savings Bank – Air Sealing
Central Operations Center

TEST 3- PRELIMINARY BLOWER DOOR

CORRECTIONS

• Vestibule incomplete:  airsealing, gasketing, 
seals around storefront, plywood infills

• Door Astragal -recommend removable astragal 
for compressive seal.

• 2 Open P traps

• Several unsealed conduits

• Boiler flues



Northfield Savings Bank – Air Sealing
Central Operations Center

TEST 4- FINAL BLOWER DOOR



Northfield Savings Bank – Modeling
Central Operations Center

Built to minimum 
Energy Code 
Requirements



Northfield Savings Bank – Modeling
Central Operations Center

Regulated

Unregulated



Northfield Savings Bank – Modeling
Central Operations Center

With Energy Efficiency 
Measures



Northfield Savings Bank – Modeling
Central Operations Center



Northfield Savings Bank – Modeling
Central Operations Center



Northfield Savings Bank – Performance
Central Operations Center

45 kw Generation-
Installed

45 kw (Cumulative 
Total)



Northfield Savings Bank – Performance
Central Operations Center

70 kw Generation- Additional
Regulated Loads Net Zero (Lights, Heat, Cooling, Fans, 

Pumps)

115 kw (Cumulative 
Total)



Northfield Savings Bank – Performance
Central Operations Center

200 kw Generation- Additional
Un-Regulated Loads Net Zero (Plug Loads, Data Center)

315 kw (Cumulative 
Total)



Northfield Savings Bank – Performance
Central Operations Center



Northfield Savings Bank – Performance
Central Operations Center



Northfield Savings Bank – LESSON 1 
Central Operations Center

1. OWNER PRIORITIES: 

Sometimes saving every btu or kwh is not the Owner’s top priority… 
Need to understand the Owner’s needs.  

a) Reliability of systems

b) Security

c) Comfortable and productive work environment



Northfield Savings Bank – LESSON 2 
Central Operations Center

2. ENGAGE EVT EARLY IN THE PROCESS.  
Nick was critical in making EFFICIENCY happen.  



Northfield Savings Bank – LESSON 2 
Central Operations Center



Northfield Savings Bank – LESSON 3 
Central Operations Center

3. CONTROLS AND COMPLEX SYSTEMS
It takes time to integrate multiple complex systems.  

Commissioning Agent is critical in this process. 



Northfield Savings Bank – LESSON 4 
Central Operations Center

4. BASIS OF DESIGN 
How to pin moving targets?  

Owner and consultant coordination is critical to success.

For example, Discrepancy about the amount of equipment in the data 
center and how much heat it is putting off.  Is equipment oversized?  
Still working thru this.



Northfield Savings Bank – LESSON 5 
Central Operations Center

5. COORDINATE WITH ENERGY MODELER

Insist on review of inputs and outputs.

Try different scenarios to maximize building systems



Northfield Savings Bank
Central Operations Center

efficient
resilient
sustainable

Thank 
You!
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Middlebury Town Offices
Project Information

Osborne House 
Relocation Site

Proposed Town 
Office Site

Proposed 
Park Site

Proposed Creek 
Road Rec Site

With a total project cost of $6.5 M and a donation of 
$4.5 M from Middlebury College, the Town of 
Middlebury was able to construct a new Town Office 
and Recreation Facility. In addition, the existing 
historic Osbourne House was moved and the existing 
municipal building will be raised to create a new park.



Middlebury Town Offices
Project Information



Middlebury Town Offices
Project Information

SITE CIRCULATION



SITE PLAN

Middlebury Town Offices
Project Information



Middlebury Town Offices
Project Information

SITE CONNECTIONS



Middlebury Town Offices
Project Information

SOLAR ORIENTATION



Middlebury Town Offices
Project Information



Middlebury Town Offices
Project Information



NORTH EASTWESTSOUTH

Glazing Percentage : 37%

Middlebury Town Offices
Project Information



Middlebury Town Offices
Project Information

1ST Floor 
• Floor Area: 4,882  gross sqft.

• Program 

- Main Lobby/Reception

- Small Meeting Room

- Select Board Conference Room 

- Treasurer                       

- Town Clerk                     

- Vault                             

- Public Restrooms

• Simple building orientation and 

wayfinding

• Partial Basement: 1,361 sqft.



2nd Floor 
• Floor Area: 3,437  gross sqft.

• Program 

- Upper Lobby

- Town Manager

- Planning / Zoning                          

- Listers

- Staff Restrooms

- Staff Kitchen

- Copy/Mail

• L-Shaped layout provides 

access to natural light and views

Middlebury Town Offices
Project Information



SLAB ASSEMBLY:
4” CONC. SLAB
1 LAYERS 2” XPS, INSUL

R 44

R 20

R 69
ROOF ASSEMBLY:
STANDING SEAM MTL ROOF
30# FELT PAPER
5/8” ROOF SHEATHING
PRE-ENGINEERED WD TRUSS
10” SPRAY FOAM INSUL

WALL ASSEMBLY:
3 5/8” BRICK VENEER
AIR SPACE
2 3/8” SPRAY INSUL
1/2” WALL SHEATHING
4” SPRAY INSULATON 
2X6 WOOD STUDS, 16”O.C.
5/8” GWB

FOUNDATION ASSEMBLY:
2 LAYERS 2” XPS, INSUL
CONCRETE FOUNDATION WALL
EXTENDED TO TOP OF SLAB

R 10

R 60
ROOF ASSEMBLY:
MEMBRANE ROOFING
RIGID ROOF INSUL
METAL DECK 
STEEL BEAM ROOF JOISTS

Middlebury Town Offices
Project Information



Middlebury Town Offices
Mechanical

• Air Source Heat Pump - Performance Rated per AHRI 1230 Standards

• Combination of ducted and 13 ceiling cassette type units 

• No Supplemental or Back-up Heat

• Controls – Trane DDC (Direct Digital Control) 

• Energy Recovery Unit – Temp Eff – 90% Efficient

• CO2 Based Demand Ventilation

• Dedicated indoor 1,000 CFM Outside Air System with VAV Zone 
Controls, system to have override to shut down when OA is below -13 
during non occupied hours.

• Fixed Windows

• Heat Pump Water Heater

Mechanical

TEMPEFF 
SYSTEM

+
- EER (Energy Efficiency Ratio) - (D - 11.1) (ND - 12.5)

- IEER (Integrated Energy Efficiency Ratio) - (D - 21.8) (ND - 26.7)

- SCHE (Simultaneous Cooling and Heating Efficiency) - (D - 25.5) (ND – 31) 

- COP (Low Heating Mode) - (D - 2.45) (ND - 2.62)

D - Ducted
ND - Non-Ducted



Middlebury Town Offices
Mechanical



Electrical
• All LED lighting (Exception: Basement)

- Exterior

- Interior

• Light power density – Target = 1 W/sf

Actual = .66 W/sf

• Illumination levels – Avg. 40 footcandles in all work areas

• Occupancy Sensors – Used in every room except Lobby

• Daylight Sensors – Used in Lobby only 

• Transfer switch for roll up/future emergency generator installed

• Dimming on fixtures in selected areas 

Recessed LED Can 
- Various Sizes
- 120V

Surface Mounted LED Strip
- 4’ – 0” 
- 120V

Surface Mounted LED Troffer
- 2’ x 2’
- 120V

LED Strip Pendant
- 4’ – 0” 
- 120V

LED Recessed Strip 
- Length Varies
- 120V

Middlebury Town Offices
Electrical



Middlebury Town Offices
Energy Charrette

Purpose: To gather the integrated design team along 
with town representatives, the Commissioning Agent, 
and Efficiency Vermont in an intensive design work 
shop in which all participants focus on ideas for 
energy and resource efficiency and conservation.

Keys to Effectiveness

• All disciplines together as early as possible
• Multiple strategies outlined and discussed
• Ability to determine what does and does not 

work, early in process 

• Selection of the right team members
• Well led charrette with common direction
• Contribution from all parties involved



Client
- Town of Middlebury

Design and Engineering Team
- Chris Huston, BLC, VP of Architecture
- John Dale, BLC, Project Architect
- Mike Deslandes, BLC, Senior Estimator
- Bob Eaton, BLC, Project Manager
- John Johnston, BLC, VP of MEP Services
- VHV, Mechanical Engineer
- Mike’s Electric, Electric Engineer
- DuBois & King, Energy Modeling Consultant
- Zero by Degrees, Envelope Commissioning

Efficiency Vermont
- Nick Thiltgen, Efficiency Vermont
- Charlie Carpenter, Efficiency Vermont
Commissioning Agent                                                                         
- Glenn Thomas, Thomas Engineering Associates

Middlebury Town Offices
Project Team



[Project Name] [slide 1 of 4]
Middlebury Town Offices

Energy Efficiency

• Daylighting Strategies
• Low U-value Windows
• Short/Long Term Monitoring
• Solar Shades
• Thermal Shades
• Window Blankets
• Reduction in Glazing
• Envelope Insulation Upgrades
• Pellet Stove for supplemental heat
• Geothermal - Ground Source Heat Pump
• Pint/Flush - Urinal/Toilet
• LED Lighting 
• Occupancy Sensors
• Daylight Sensors
• Air Sealing
• Storefront Upgrades

The Town of Middlebury had a long standing goal to be a leader in energy efficiency. Bread Loaf 
and its consultants explored many different strategies to achieve this goal. These were reviewed at 
the charrette, and as a result of additional funding from Middlebury College, many were employed. 

Explored: Adopted:

• Daylighting Strategies
• Low U-value Windows
• Short/Long Term Monitoring
• Envelope Insulation Upgrades
• Solar Shades
• Thermal Shades
• Pint/Flush - Urinal/Toilet
• LED Lighting 
• Occupancy Sensors
• Air Sealing
• No Backup Heat System
• Heat Pump Water Heater



Middlebury Town Offices
Energy Efficiency



Middlebury Town Offices
Renewable Energy Generation

• Solution: Renewable energy will be generated 
from an offsite solar farm located 6 miles away 
in New Haven VT 

• This installation will be able to provide 220 kW 
(DC) to the offices, more than necessary to 
offset the new building consumption 

Possibility of on site renewable energy production from 
solar was explored but due to site restrictions and 
associated upfront costs, these would not have been 
feasible or cost effective.



Middlebury Town Offices
Energy Modeling

Daylighting Analysis: Percentage of 
occupied hours where luminance is at 
least 28 footcandles, measured 3’- 0” 
above the floor plate.

Target EUI – (Energy Use Intensity) = .15 kBtu/ft

With no backup heat, building must be resilient 
- R-20 Foundation
- R-44 Wall 
- R-69 Roof Insulation 

Daylighting Analysis

- Many unknown variables required for calculations
- Assumptions have to be made
- Questionable accuracy early in design process
- Costly and time consuming

Electricity Usage = $15,000

First Floor Second Floor
28’-8”

30
’-8

”



Middlebury Town Offices

- Exterior Solar Shades
- Floor to Ceiling Glazing
- Efficient LED Lighting



[Project Name] [slide 2 of 4]Middlebury Town Offices

- Exterior Solar Shades
- Efficient LED Lighting
- Floor to Ceiling Glazing w/ Solar Shades



[Project Name] [slide 3 of 4]Middlebury Town Offices

- Exterior Solar Shades
- Visual Dashboard Monitoring
- Floor to Ceiling Glazing w/ Thermal Shades



• Who is responsible for analyzing data
for the entire year required by NZEB  
program?

Middlebury Town Offices
Energy Monitoring/Commissioning

Monitoring

Systems to be Commissioned:
• Refrigeration Systems
• Heating Systems
• Air Handling Systems
• Energy recovery systems
• HVAC controls systems
• Plumbing and water systems

• Difficult to obtain consistent scope 
of services and associated fee for 
mechanical commissioning agent

Mechanical Commissioning

• Visual Dashboard - Public Building as 
teaching tool, but costly

Dashboard Example



Middlebury Town Offices
Energy Monitoring/Commissioning

Envelope Commissioning

- Air sealing detail reviews during design 
phases

- Kick off meeting with all key subs on site is 
critical to success

- Regular testing and inspection identified 
many small issues that may have otherwise 
gone unnoticed. 

- Corrections and modifications were able to 
be made in a timely manner

- Blower door testing – Target .15 cfm50/sf
- Fog / Infrared testing

Extremely effective and valuable service

Design and Construction



Middlebury Town Offices
Energy Monitoring/Commissioning



Middlebury Town Offices
Construction Costs

Gross SF: 9,680 SF
Construction Cost : $3,078,000
Cost Per SF: $318.00

Premium – Net Zero Construction Costs
$230,000 = 7.5% or $24/SF

INCLUDES:
• Thermal Envelope 
• Windows 
• Sun Shades 
• Dashboard/Monitoring
• Mechanical/Elec Systems 

Premium – Consulting Services
$57,500 = 1.8% or $6/SF

INCLUDES:
• Envelope Commissioning
• Town Retained Mechanical Commissioning 

Agent
• Mechanical/Electrical Engineering
• Architect and Preconstruction Estimating

Existing Municipal Building:

- Heating fuel annually at a cost of 
approx. $25,000

- Electricity annually at a cost of approx. 
$15,000

Annual Total = $40,000

$287,500 cost premium to design and build 
net zero (without PV array), based on 
existing building heat and electricity costs 
would only require 7.2 years payback 
period. 

* Total above represents half of existing utility costs



Middlebury Town Offices
Project Challenges

- Total budget set at $6.5 million for new   
Town Offices and New Recreation Center 
before project team was selected  

- A challenge was to satisfy the complex  
public/admin programming demands on a fixed  
budget. The new building needed to provide, 

within  
a limited size, the following aspects.

- Public Space
- Comfort
- Spatial Flexibility
- Storage 

- Building systems/environment would need  
to require minimal amount of physical  
management 

- New building needed to be high quality,
durable construction and notable, on a  
predetermined budget

Challenges:
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Waterbury Municipal Complex
PROJECT INTRODUCTION

Waterbury Municipal Complex
Better Buildings by Design Conference

February 4, 2016



Project Team:
V.I.A. – Architectural Design & Services
Phelps Engineering, Inc. – Civil Engineering
Engineering Ventures, P.C. – Structural Engineering
LN Consulting, Inc. – MEP & Fire Engineering
ReArch Company – Construction Manager
Liz Pritchett Associates – Historic Preservation Consulting

PROJECT TEAM
Waterbury Municipal Complex



PROJECT OVERVIEW
Waterbury Municipal Complex



EXISTING CONDITIONS
Waterbury Municipal Complex



SCHEME A

DESIGN OPTIONS
Waterbury Municipal Complex



PREFERRED OPTION

DESIGN OPTIONS
Waterbury Municipal Complex



PREFERRED OPTION

DESIGN OPTIONS
Waterbury Municipal Complex



Proposed Option A Final SF
Municipal Offices 5,444 gsf 5,300 gsf 5,083 gsf
Library 9,322 gsf 9,105 gsf 7,469 gsf
Historical Society 1,428 gsf 1,780 gsf 1,431 gsf
Shared 2,574 gsf 2,828 gsf 2,739 gsf

Total Gross Area 18,768 gsf 19,013 gsf 16,722gsf
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SECOND FLOOR



BUILDING USE:
MUNICIPAL OFFICES
LIBRARY
HISTORICAL SOCIETY

CODE OCCUPANCY: ASSEMBLY
HOURS OF USE: 8:00 AM – 5:00 PM

with FREQUENT EVENING EVENTS
FLOOR AREA: 16,700 S/F
GLAZING %: 15.3%
R‐VALUES: 

FND. AND SLABS:  R‐20
EXTERIOR WALLS: R‐40
ROOFS: R‐60 +

GLAZING U‐VALUE:
DESIGN: U=0.20
CONSTRUCTED: U=0.27

EUI (DESIGN): 21 kBTU/SF/YR

ARCHITECTURAL INFORMATION
Waterbury Municipal Complex



MECHANICAL SYSTEMS

Conditioning:
VRV Heat Pump Systems and 
Propane supplemental heat 
(Boiler and Hot Water 
Baseboard)
IEER: 18.30‐16.60
COP: 3.2
COP @ 17 deg;   2.3‐2.1

Ventilation (and De‐
Humidification):
Energy Recovery Ventilation 
with VAV Distribution
EFFICIENCY:   

MAIN UNITS: 70‐75%
SM. UNITS: +/‐ 75%

Controls:
Direct Digital Controls

MECHANICAL INFORMATION
Waterbury Municipal Complex



ELECTRICAL SYSTEMS

LED Lighting

Daylight Dimming and 
Occupancy Sensing

.50 Watts/SF (Design)

ELECTRICAL INFORMATION
Waterbury Municipal Complex



Waterbury Municipal Complex
NET ZERO CHALLENGES & LESSONS LEARNED

Waterbury Municipal Complex
Better Buildings by Design Conference

February 4, 2016
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The top 5 priorities highlighted by the questionnaire results:
1 ‐ Cost to taxpayers
2 ‐ Energy efficient building(s)
3 ‐ Location outside the flood plain
4 ‐ Use existing municipal facilities
5 ‐ Include expansion of the library

EDUCATION
Waterbury Municipal Complex



Sustainability & Energy Efficiency Goals
‐ New Building Orientation/Solar Exposure
‐ Reuse of Existing Building
‐Walkable to Downtown
‐Minimize Building Footprint
‐Minimize Impervious Surfaces
‐ Bio‐Retention/Rain Gardens
‐Maximize Building Envelope (R=20, 40, 60)
‐Maximize Daylight
‐ LED Lighting
‐ Photovoltaic (Solar Panel) Ready
‐Water‐Conserving Plumbing Fixtures
‐ High‐ Efficiency Mechanical Systems
‐ Energy‐Recovery Ventilation
‐ Use of Local Materials & People
‐ Include Healthy – No‐VOC Materials
‐ Use of High Recycled‐Content Materials

EDUCATION
Waterbury Municipal Complex
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PROCESS
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WALL AT FOUNDATION
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WALL AT 2ND FLOOR
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WALL AT ROOF
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COMMISSIONING
Waterbury Municipal Complex

AIR SEALING:

NEW BUILDING TARGET:  .10 CFM50/SF SHELL

NEW BUILDING TEST 1:     .34 CFM50/SF SHELL

NEW BUILDING TEST 2:       .23 CFM50/SF SHELL

JANES HOUSE: .95 CFM50/SF SHELL



COMMISSIONING
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FUTURE
Waterbury Municipal Complex



Commercial Net Zero
Design and Construction Lessons Learned through 

Efficiency Vermont’s Commercial Net Zero Pilot Program

PAUSE FOR BREAK
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Northfield Savings Bank

Jeff Stetter, Gossens Bachman Architects 

Middlebury Town Office

Chris Huston, Bread Loaf Corporation

Waterbury Municipal Complex

Ashar Nelson, Vermont Integrated Architecture 

Vermont Public Radio

David Roy, Wiemann Lamphere Architects

Waitsfield Town Offices

Bill Maclay, Maclay Architects

Commercial Net Zero
Design and Construction Lessons Learned through 

Efficiency Vermont’s Commercial Net Zero Pilot Program



Vermont Public Radio - Design Team

Wiemann Lamphere Architects

Krebs and Lansing

Hardy Structural 

Engineering Services of Vermont

GWR Engineering – Modeling & Commissioning

Zero by Degrees – Testing & Inspection



Pre-Construction Conditions

Existing 1906 Masonry Building            8,312 S.F.
1995 Addition (wood frame) 1,215 S.F.

Designed for 27 employees
Current Staffing / Occupancy: 47 persons

Site:    Parking: 41 poorly defined parking spaces

Hours of Operation:
6:00 a.m. to 5:00 p.m.
Performances & Meetings:  
Evenings and Weekends.

Studio’s and Control Rooms:
2 “Talk” studio’s
1 Performance Studio
3 Control Rooms
1 “Termination” Rooms (server) 

Challenges:
Limited building site / available coverage.
Scattered M/E infrastructure.
Existing Building is very leaky:

1.09 CFM/SF @ 50 Pa



Architectural Parameters

Proposed Addition:        14,223 S.F.

Projected Staffing:                        63 Planned 
87 Employees (future)
(Some employees off-site) 

Parking: 81 spaces

Utilities: New municipal water and sewer.
New & existing emer. generator

Storm-water:              Underground chambers.

Building Envelope:      Multi-Wythe wall to be 
Internalized where 
possible

Existing attic air-sealed

Replace existing windows

Solar Orientation:        Glass primarily SE with
exterior sun-shade



Mechanical systems

HVAC: City-Multi A.S.H.P.
Operating temp. -18 F to 115 F

I.E.E.R. 17.9
C.O.P.   3.41

Server Room:

City- Multi used in summer to reject heat

Ventilation:
Tempeff Dual Core Heat Exchanger
90% Thermal Efficiency (+/-5%)
No heating coils required.

Cool Air Recovery in summer
(by damper cycling).



Electrical Systems & Natural Lighting
Full DDC control system

Lighting Power Density  - .47 watt/SF 
LPD is 54% below allowed by Energy Code

Occupancy / Photo-Stats Throughout

(2011 C.B.E.S.)

Lighting Control System:

Crestron “Green Light” system.



Owner Project Goals
• Develop a transformational facility that is part of the Efficiency VT Net–Zero Pilot Program; 
• Become the most relevant media institution in Vermont;
• Enhance & expand public service while engaging community in new and innovative ways;
• Host a wide range of events, performances and meetings for live and recorded broadcasts.

Challenges (or opportunities)
• Heavy electrical equipment energy use
• Requirement to remain operational throughout construction
• Mitigating effects of construction vibration and sound.



EXISTING (1906)EXISTING 
(1995)

PHASE 1

PHASE 2

PHASE 3

Building Envelope 
Various envelope options were modeled to 
determine best value.  Final selections:
Flat roof: R-41.3
Mass Wall R-31.5
Insul. Panel: R-31.7
Glazing: R-5 (u=.17/.19) (fixed & awning)

7.4% Glass 
North

16% Glass
(West)

45% Glass (S.E.)

13% Glass
(South)

27% Glass (East)



Air-sealing - Conditions

Air Sealing of Roof Drain

Transitions require attention
Existing to new transitions



Air Sealing - Strategies



Energy Charrette - Strategies:

Heat load

• Build around existing to maximize lot use & 
minimize exposure of existing envelope

• Prioritize glazing to south/entry exposure

• Western façade primarily shaded by trees

• Envelope options to be modeled & chosen

• Take advantage of existing heat load from 
electrical broadcast equipment

• Very limited hot water demand

• LED lighting to minimize LPD

• Photovoltaics on roof surfaces (limited site)

• Existing envelope leaky and uninsulated

• Avoid use of fossil fuels – all electric

• Air Sealing modeled at 0.2 cfm/sf@ 50 Pa



Energy Efficiency & Renewables
• Energy Unit Intensity

EUI Phases 1+2: 19.9 kbtu/sf/yr
EUI Phase 3 only: 35.6 kbtu/sf/yr

• Light Power Density: 0.47 watts/sf

• Air Sealing modeled at 0.2 cfm/sf@ 50 Pa

• Heat pump system with Hyper Heat 
designed to operate down to -18

• Tempeff 90% thermal efficiency heat 
recovery system w/ ability to dump excess 
heat in cooling system

• Demand Controlled Ventilation (throughout)

• Full DDC system with energy metering. 
HVAC / lighting / Process / Water heating

• Net Metered 90 kW  AC Solar PV system
94,970 DC Watts anticipated generation

Aerial view of solar PV being installed on Phase 1 +2 
roof



Energy Modeling

EUI Phases 1+2: 19.9 kbtu/sf

Non-HVAC: 12.79 kbtu/sf

EUI Phase 3: 35.6 kbtu/sf

Non-HVAC: 29.94 kbtu/sf

Phase 1 & 2 – 14,223 SF Addition Phase 3 – Existing 
Building



Energy Monitoring & Commissioning

Segregated Electrical Loads for all three phases (metering is expensive!)

• Lighting Loads

• Mechanical / HVAC

• Plug Load

• Solar Renewable Generation

Commissioning:

• Owner involvement is critical to success;

• Focus on performance verification as a long-term activity;

• Controls Integration Meeting is valuable to determine the operational goals;

• Collaboration amongst team members is imperative. 



Construction Cost

Building only construction cost:
Phases 1+2+3 total: $277/sf 
(new: $340/sf / Existing $97/sf

Building Only Construction Cost

Phases 1, 2 & 3 Total: $277/S.F.
(new $340/S.F. / Existing $97/S.F.)
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Northfield Savings Bank

Jeff Stetter, Gossens Bachman Architects 

Middlebury Town Office

Chris Huston, Bread Loaf Corporation

Waterbury Municipal Complex

Ashar Nelson, Vermont Integrated Architecture 

Vermont Public Radio

David Roy, Wiemann Lamphere Architects

Waitsfield Town Offices

Bill Maclay, Maclay Architects

Commercial Net Zero
Design and Construction Lessons Learned through 

Efficiency Vermont’s Commercial Net Zero Pilot Program



Waitsfield Town Offices
DESIGN TEAM: 

Architect - Maclay Architects 

Civil - Wilcox and Barton

Mech/Plumbing -Kohler and Lewis

Structural - DeWolfe Engineering Assoc.

Elec/Fire -William Bissell

Cost Estimator - Erickson Consulting

Landscape - SE Group

BUILDER:

Millbrook Building & Remodeling, Inc.

COMMISSIONING: 

Mech - Thomas Engineering Association 

Envelope - Common Sense Energy



Waitsfield Town Offices
• SIZE: 4,700 sf

• USE: Town offices, vault, community meeting room

• LOCATION: Waitsfield, VT

• EUI: Modeled 16 kBtu/sf-yr



Waitsfield Town Offices
• Architectural –R40 walls, R60 roof, R20 below slab, R4.9 windows, 

0.1cfm50/sf of above grade surface area

• Mechanical –ASHP and ERV

• Electrical – LED lighting with controls

• Unique Aspects –Daylighting, healthy building, building science



Waitsfield Town Offices
PROJECT GOALS:

• Efficient and functional town office, vault and meeting space

• Resilient

• Durable and prudent long term investment

• Architectural compatibility

• Net Zero



Waitsfield Town Offices –
Feasibility Study 2012

• Historic Waitsfield infill



Waitsfield Town Offices –
Feasibility Study 2012

• Irasville Center –possible smart growth area



Waitsfield Town Offices –
Feasibility Study 2012

• Historic Waitsfield infill

Site Chosen



Waitsfield Town Offices – Site Plan
• Historic Waitsfield infill

• Flat site with rain gardens

• Street trees to integrate with town streetscape

• Site lighting control to minimize impact to neighbors



Waitsfield Town Offices – 1st floor



Waitsfield Town Offices – 2nd floor



Waitsfield Town Offices – Elevations

• Field elevation • South elevation

• Main Street elevation



Waitsfield Town Offices – Interiors
• Exposed wood

• Daylighting with high windows, cupola, and glass floor

• Healthy building design



Waitsfield Town Offices – Interiors



Waitsfield Town Offices - Interiors

• Entry

• Open stairs

• Glass floor opening



Waitsfield Town Offices - Interiors

• Open offices with transom 

windows



Waitsfield Town Offices - Interiors

• Meeting room lobby

• 2nd floor



Waitsfield Town Offices
• Energy Charrette – Internal design team energy charrette occurred before 

pilot program participation with later input/review from Efficiency 

Vermont

• Energy Efficiency 

• Renewable Energy Generation 

• Energy Modeling

• Commissioning 

• Construction Costs

• Client Interactions



Waitsfield Town Offices
• Energy Charrette 

• Energy Efficiency – Architectural, Mechanical, Electric, Unique Features

• Renewable Energy Generation 

• Energy Modeling

• Commissioning 

• Construction Costs

• Client Interactions



Waitsfield Town Offices
• Architectural –R40 walls: 3” exterior polyiso, 2x8 dense pack cellulose, R60 roof: 5” closed 

cell spray foam, 11” dense pack cellulose, R20 below slab:  5” XPS, urethane isolation 

blocks, continuous air, moisture and vapor barrier systems, 0.10 cfm50/sf of above grade 

surface area (target), R5 windows, 20% glazing 

• Mechanical – Ducted and wall mounted ASHP (15.7 IEER, 3.37 COP), ERV (87%), all 

instantaneous electric DHW (98% eff), less duct work with open floor plan and ceiling fan

• Electrical – LED lighting, lighting controls: occ sensors and daylight photosensors, exterior 

lighting controls with sharp cutoffs, to provide minimal disturbance in mixed neighborhood

• Unique Aspects –Daylight windows and cupola with glass floor to first floor



Waitsfield Town Offices
• Typical Building Details – Wall Foundation



Waitsfield Town Offices
• Typical Building Details – Wall Foundation



Waitsfield Town Offices
• Typical roof details



Waitsfield Town Offices
• Typical roof details



Waitsfield Town Offices



Waitsfield Town Offices
• Building Details – Cupola



Waitsfield Town Offices
• Building Details – Thermal isolation block



Waitsfield Town Offices -Construction



Waitsfield Town Offices
• Building Details – windows



Waitsfield Town Offices
• Window Sequence



Waitsfield Town Offices -Construction



Waitsfield Town Offices -Construction



Waitsfield Town Offices
• Building Details – Door sill – thermal break



Waitsfield Town Offices
• Building Details – Door sill – thermal break



Waitsfield Town Offices -Construction



Waitsfield Town Offices -Construction



Waitsfield Town Offices
• Building Details – Louver



Waitsfield Town Offices
Combined: Ducted air source heat pump heading and cooling with 

energy recovery ventilation



Waitsfield Town Offices
Separate: 

Console air source heat pump heating and cooling

Ducted energy recovery ventilation



Waitsfield Town Offices

• Energy Charrette

• Energy Efficiency

• Renewable Energy Generation – Town installation net metered offsite, 

ground mounted fixed array at Town Garage

• Energy Modeling

• Commissioning 

• Construction Costs

• Client Interactions



Waitsfield Town Offices – offsite PV

New Town Offices

Town Garage 
& solar PV site



Waitsfield Town Offices – offsite PV
100 kW Town owned system  ~ 17 kW needed for Town Offices



Waitsfield Town Offices

• Energy Charrette 

• Energy Efficiency

• Renewable Energy Generation 

• Energy Modeling – First - internal modeling and financial analysis, 

Later -Kohler and Lewis modeled in order to participate in the pilot 

program

• Commissioning  

• Construction Costs 

• Client Interactions



Waitsfield Town Offices

• Additional Construction Costs for Net Zero Ready



Waitsfield Town Offices
• Heating Costs –

• First-year Heating Cost Net Zero Ready  $990

• First-year Heating Cost Code $8,062

Savings $7,072 / year

20 year saving = 
$63,000-$87,000



Waitsfield Town Offices

Kohler and Lewis Energy Model to participate in Net Zero Pilot Program



Waitsfield Town Offices
• Energy Charrette 

• Energy Efficiency

• Renewable Energy Generation 

• Energy Modeling

• Commissioning  

• Common Sense Energy - Envelope Blower door 1.Air sealing 

plan/meeting 2. Progress Testing 3. Compliance Testing 4. 

Record Test upon completion

• Mechanical - Thomas Engineering Associates – added to comply 

with Pilot Program

• Construction Costs 

• Client Interactions



Waitsfield Town Office – Progress Testing



Waitsfield Town Offices

• Energy Charrette

• Energy Efficiency

• Renewable Energy Generation 

• Energy Modeling 

• Commissioning

• Construction Costs – Analysis during design

• Client Interactions



Waitsfield Town Offices

• Energy Charrette

• Energy Efficiency

• Renewable Energy Generation 

• Energy Modeling

• Commissioning 

• Construction Costs

• Client Interactions 

• Needed to prove no net cost to participate in pilot program 

(The Town was already committed to a Net Zero building)



Waitsfield Town Offices

• Benefits from participation in pilot program

• Energy model to compare actual energy performance

• eGauge Monitoring

• Mechanical Commissioning

• Marketing opportunity

• Opportunities for the future

• Small project modeling flexibility

• Possible financial support for incremental net zero capital costs



Waitsfield Town Offices
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• Net Zero Definition

• Energy Efficiency

• Renewable Energy

• Commissioning

• Energy Modeling

• Cost-Effectiveness

• Plug Loads

Summary
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Summary



QUESTIONS AND DISCUSSION

Craig Simmons

Efficiency Vermont

csimmons@veic.org

Nick Thiltgen

Efficiency Vermont

nthiltgen@veic.org

Jeff A. Stetter

Gossens Bachman Architects

jstetter@gbarchitecture.com

Chris Huston

BreadLoaf Corporation 

chuston@breadloaf.com

Ashar Nelson

Vermont Integrated Architecture

ashar@vermontintegratedarchitecture.com

David P. Roy

Wiemann-Lamphere Architects

droy@wiemannlamphere.com

Bill Maclay

William Maclay Architects & Planners

bill@maclayarchitects.com


