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Outline 
A. Introduction 

B. Our challenge: To be credible advocates for energy saving 
investments 

C. Traditional ways of deciding on how to spend your energy dollars – 
2 simple examples 

• Payback analysis 

• Net cash flow basis 

• Assumptions are critical to the outcome and involve rubbing the crystal 
ball 

D. 3 Projects – All seeking Net Zero, but all very different 
• Williamstown Youth Center 

• Williams College Kellogg House: Living Building Challenge means Net Zero 
a given goal 

• Rumney Memorial Elementary School 

E. Summary 



Our Qualifications 

1973 Active Solar 1975 Passive Solar 



The Many Choices Facing a Building Owner 
We in the building business have a role in helping owners make good choices, in 

the face of an overwhelming number of options.  With limited resources, we all 

have a different view of what we think they should spend their money on. 
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Competing goals 

Where can we apply 
science/rational 

economics to this 
inexact process? 

 

How many of these 
areas are approached 

rationally? 
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Balancing investments in fuel system with 
investments in energy savings 

• Traditional ways to evaluate cost effectiveness 

A. Payback Method 

B. Net Cash Flow Method 

• Cost of measure 
• Inflation rate 
• Longevity of measure 
• Replacement cost 
• Ease of doing it later 

ENERGY IN 
Least expensive fuel 

 
 
 
 
 

ENERGY OUT 
Least long term  
cost of energy  
out 
 

• Lowest first cost 
• Life span of system 
• Future cost of replacement 
• Ease and cost of maintenance 
• Future energy inflation 

 
 
 

• First cost 
• Life span of measures 
• Ease of replacement 
• Future cost of replacement 



Energy In 
Factors in the fuel decision 

• Equipment efficiency 
• First cost of installation 
• Fuel inflation rate 
• Replacement cost of heating unit 
• Maintenance cost 
• Fuel availability 

VT Fuel Report 12.14 



Predicting Future Energy Costs is Not an Exact Science 

VT Fuel Report 12.14 



8 

Simple Payback Driving Factors 

• Life expectancy 
• Alternate use of money 
• General rate of inflation 
• Maintenance 

Cost of Installation Savings 

• Annual savings 
• Avoided future electric 

rate inflation 
• Backup system 
• Value of redundancy 

Solar PV System 

Example 1 



Investments in  
producing energy 

Cost after 
rebates 
and tax 
credits 

Is this a good investment? 

Savings 

Solar PV System 

Example 1 

Simple Payback Method 



Solar PV System  - Is this a good investment? 

Projected annual savings 
$523/12 = $43.58/month 

Solar PV System 

Example 1 

Net Cash Flow Method 



Compare to 
$43.58/month 

Solar PV System 

Example 1 

Net Cash Flow Method 



Compare to 
$43.58/month 

Solar PV System 
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Compare to 
$43.58/month 

Solar PV System 

Example 1 

Net Cash Flow Method 



Compare to 
$43.58/month 

Solar PV System 

Example 1 

Net Cash Flow Method 



• Duration of loan vs. lifetime of equipment 
• Interest rate 
• Fuel inflation rate projection 
• Next best alternative for your money 
• Expected maintenance costs 

 

• Interest rate 
• Longevity of measure 
• Inflation rate 
• Maintenance cost 

• Energy inflation rate 

Borrowing Cost Savings 

Solar PV System 

Example 1 

Net Cash Flow Driving Factors 



Should I add insulation 
in the cavity? 

Example 2 
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Ceilings 
Roofs 
14% 

Rim/Band Joists 
1% 

Above Grade Walls 
12% 

Foundation walls 
1% 

Doors 
2% 

Windows 
Skylights 

23% 

Slab Floors 
15% 

Infiltration 
29% 

Mechanical 
Ventilation 

3% 

Energy Model of Proposed Design 

$138/year maximum 
savings via walls 

How much money does it make sense to spend to save up to  $138/year?  
What would you do? 

Example 2 



What’s Different About A Cold Climate? 
“A penny saved is a penny earned” 

• Reducing Heat Loss - Instinctively, the first 
places to invest, especially in cold climates 
– A hedge against inflation 

– Often less expensive to invest initially, rather than later 
(opportunity for “doing it later” may not exist) 

– Less speculative 

There is nothing different about the methodology of 
balancing your energy dollars. 



How Our Understanding of 
the Challenge has Changed 

1973 Active Solar 1975 Passive Solar 

It’s not enough to “go solar.”  We have learned (the hard way) that you have 
to balance energy saving measures with solar systems. 

Continuous Outsulation 



3 Recent Projects 

Williamstown Youth Center Williams College Kellogg House Rumney Memorial Elementary 



Building Systems 

WYC Kellogg Rumney 

Heating/Coolin
g 

VRF ASHP VRF ASHP Central wood 
pellet/oil burner 
(limited cooling) 

Ventilation Multi-zone 
HRV 

Multi-zone ERV Multi-zone ERV 

Lighting Fluorescent LED LED 

Controls Packaged HVAC Full Building Management 
System (BMS) 

BMS 



Measure WYC Kellogg Rumney 

Roof R-40 R-35 R-40 

Walls R-30 R-35 R-20-25 

Windows R-3 R-5 R-3 

Below Grade walls R-25 R-25 R-15 

Slab R-10 R-15 R-0 (existing) 
R-10 (new) 

Air Barrier 2.6 ACH @ 50 Pa .8 ACH @50 Pa 3.32 ACH @50 Pa (existing) 

Envelope Performance 



Measure WYC Kellogg Rumney 

Southern overhangs Yes Yes No 

 
Solar sunshades 

No Yes No 

Clerestory windows Yes Yes No 

Balanced daylight harvesting Yes Yes No 

Qualitative Building Performance 



First Cost 
Operating Costs Williamstown Youth 

Center 

• Limited budget 

• LEED® Silver requirement 

• MASS stretch code 
compliance mandated 

• AC Air-to-air heat pumps 
• Heat recovery ventilation 
• Balanced daylighting 
• High efficiency lighting 
• All electric, no fossil fuels 
• Southern overhangs 

A 



Energy Modeling to Explore Potential 

Energy of:  
• Roof overhangs 
• Solar sunshades 
• Clerestory windows 
• Double vs. triple glazing 
• Storefront vs. thermally broken curtain wall 
 
Then, “Value Engineering” 
• Eliminate number of skylights vs. LEED required daylighting 

heat loss 
• Reduce R-value of skylights (R20 to R5) 
• Types of insulation and thickness 
• Mechanical equipment options – rooftop units vs. air to air 

heat pumps 
 

Starting point was MASS Stretch Code 

A 



Net Zero Ready A 



Solar Feasibility Results 

• Net Zero ready 

– Capacity for 50 to 80kW on roof 

– No leftover capital in initial project 

– Uncertainty of solar value 

• Will equipment improve? 

• Who reaps benefits from PPA? 

• Will a better deal come along? 

 

A 



Electricity market drives interest 

Steady demand for electricity attracts financiers 

Massachusetts incentives yield 6-8 year payback 

Opportunities for ‘friendly’ investment and crowd 
sourcing  

Benefits shared between investors and host 

A 



Waiting is okay 

A 



Williams College Kellogg House 
 

A Living Building Challenge Project 

• Net Zero Energy and Water requirement 

• Living Building Challenge requires “no combustion” 

• On site generation required to achieve Net Zero Energy 

• Performance based certification 

B 



B 



Step 1: Model energy loss of a base 
case and establish increments of 

investment on every type of energy 
saving measure 
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B 



Step 2: Balance investment between measures 
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Invest in energy savings until it is less expensive to invest in energy generation. 

Energy modeling 
of every 

component 

B 

Sweet spots 
where 

investment in 
saving a BTU is 

equivalent to the 
investment in 
making a BTU. 



Step 3: Invest in energy savings until it is 
less expensive to invest in energy 

generation 
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50% was added to  
account for replacement cost 

Conclusion: Balancing all energy investments results in the most cost effective 
overall investment (any variation from the balanced investment is less efficient.) 

B 



Law of Diminishing Returns: Higher Cost of 
Saving a BTU for each Incremental Increase 

$0
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$1,000

$1,500

$2,000

$2,500

$3,000

Base Case 3" MASS
Stretch Code

3" to 4" 4" to 5" 5" to 8"

Cost of Solar PVs 

Cost of 
MMBTU 

Jumps in Insulation Thickness 

Invest in energy savings until it is less 
expensive to invest in energy generation 

B 



Impact on Envelope 
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Roof / wall: 5” polyiso 
Windows: R-5 
Below grade walls: 5” XPS 
Slab: 3” XPS 

We were surprised that the envelope  
didn’t seem too extreme 

B 



Rumney Memorial Elementary School 
Renovation 

Project Description 
• Heating and ventilating system at the end of it’s life – 40 years old 

• Latest addition – 23 years old (lighting needs update) 

• Asking tax payers for a tax increase (bond) is challenging 

C 



Efficiency Vermont Net Zero Pilot 

2 Pivotal Aspects: 
• Wood heat is considered renewable 
• Building must use <50% of 2011 VT Energy Code 

C 



• Taxpayers look at it very 
skeptically 
– Don’t trust “expected 

savings” 

– Don’t trust “new 
technology” 

– Will it save me money 
immediately? 

• Result – net cash flow basis 
was used to evaluate energy 
saving investments. 
– Solar PVs project brought 

with it much skepticism 

Rumney Memorial Elementary School 
Bond Vote 

C 



Rumney Memorial Elementary School 
Renovation 

Step 1: Look at energy saving investments 

• Ideal time for energy saving investments in 
improving the envelope 

– Roof 

– Walls 

– Windows (all near the end of their useful life) 

C 



Balancing Investments in Energy 
Savings (based on energy modeling) 

C 



Rumney Memorial Elementary School 
Renovation 

Step 2 (to get to Net Zero): Investigate converting to 
100% renewable energy 

• 100% wood pellet heating (renewable) 

• Photovoltaic system 

 

C 



Aspects that Prevented Achieving Net Zero 

• Solar grant was not received 
• Site impact was a concern 
• Because it’s a publicly funded entity, tax credits are not available 

(impacting the viability of solar PVs to offset electrical) 
• Presence of oil tank, good back up boiler and the efficiency of using 

oil for DHW and swing season heating (compared to pellet boiler) 
• Some parts of the building envelope did not need replacement 

(energy savings measures were too expensive) 

Wasteful Net 
Zero 

How much money does it make sense to 
spend to go the extra mile? 

Energy 
Saving 

Regenerative 



Renewable energy motivation  

• WYC: long-term energy price stability 

• Kellogg: proven net Zero Energy performance 

• Rumney: payback for taxpayers 

• Trust cost 

• Long term energy 
stability 

• Net Zero ready 

• LBC 

• No combustion 

• Net Zero 

• Impact on taxes 

• Skeptical 

• Nearly Net Zero 

HIGH CAUTIOUS LOW 



Summary 

• Use energy modeling to project where your energy 
dollars are going 

• Balance your investments in energy savings 
first(balancing results in the context of overall cost.) 

• Investigate renewable energy generation options 

• Invest in energy savings until it is less expensive to 
invest in energy production 



Balancing your energy 
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