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“The warming of our planet matters to every child. Driven by fossil fuel-generated 
greenhouse gas emissions, climate conditions stable since the founding of modern 
pediatrics in the mid-nineteenth century have shifted, and old certainties are falling away. 
Children’s physical and mental health are threatened by climate change through its effects 
on temperature, precipitation, and extreme weather; ecological disruption; and community 
disruption. These impacts expose and amplify existing inequities and create unprecedented 
intergenerational injustice. Fossil fuel extraction and combustion cause harm today and 
reach centuries into the future, jeopardizing the health, safety, and prosperity of today’s 
children and future generations.”

https://publications.aap.org/pediatrics/article/doi/10.1542/peds.2023-065504/196647/Climate-Change-and-Children-s-Health-Building-a
https://publications.aap.org/pediatrics/article/doi/10.1542/peds.2023-065504/196647/Climate-Change-and-Children-s-Health-Building-a


https://www.alexandriava.gov/energy/energy-and-climate-change-action-plan - p. ES-9

“Support decarbonizing 
buildings through 
financial opportunities 
(existing buildings) & 
educate and drive 
implementation of the 
City Green Building 
Policy (new buildings)”

Meeting Green Building Policy Requirements is Essential for 
Addressing the Climate Emergency

https://www.alexandriava.gov/energy/energy-and-climate-change-action-plan
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Three NZE projects from 2012 to 2023

Discovery ES

Opened 2015
$333 / sf final hard cost*

under original budget
returned $900K to school board

* includes solar array and two artificial turf fields.  
$300 / sf without those items

Alice West Fleet ES

Opened 2019
$335 / sf final hard cost*

under original budget

* excludes underground garage, which 
would reduce $/sf.  Garage was $12M

Cardinal ES

Opened 2021
$393 / sf final hard cost

under original budget

verified net zero verified net zero emerging net zero 



2012 to 2015: Discovery - Existing site plan

RFP issued in May of 2012

Not budgeted for Net Zero, 
just basic level of LEED

Budget never increased for 
Net Zero

“are you open to net-zero as 
a goal?”

“if we submit with an 
engineer from Kentucky that 
we’ve never worked with, 
will you score us low?”



Discovery - Final site plan

Focus was elsewhere: strong 
neighborhood resistance, 
extensive community 
engagement, & complicated 
permitting approval.

Attitude about sustainability: 
“that would be nice”

Didn’t talk about it too much, 
didn’t ask anyone’s permission 
– just did it because it made 
sense - and slowly brought the 
superintendent and school 
board along.

Solar panels as bid alternate



Discovery ES – first net-zero-energy building in Mid-Atlantic



Tiered design produced as much PV real estate as possible



Performance: Year 3 – Improved to 14.7 EUI

Reduction: Cut 83% of the Energy compared to typical school

Net EUI of -4
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Energy use and Net Zero are tangible, measurable goals



Discovery cost 11 cents / sf to operate, a $118K annual utility savings

$0.11 / SF
versus $1.32 / SF for the average APS elementary



You could operate 12 Discoverys at the same price as a non NZE school



2014 to 2019: Alice West Fleet Elementary School

RFP issued in June of 2014

Not budgeted for Net Zero, 
LEED optional.

Budget never increased for 
Net Zero

VERY constrained site and 
strong opposition to adding 
a school here

Used this project to get 
approval for Arlington’s first 
solar Power Purchase 
Agreement



Previous New



2023: Power Purchase Agreement expanded to include community center



2017 – 2021: Cardinal Elementary

RFP issued in June of 2017

Requested Net-Zero in the 
RFP

Addition and renovation co-
located with a historic 
structure

Also used a Power 
Purchase Agreement for the 
solar panels – and paying 
less per unit than APS was 
paying the utility company



RFP language for Cardinal ES.  Since adopted by other school systems



How Do You Deliver a 
Net Zero Energy School?

• Find good partners
• Set aggressive goals for your 

architect and contractor and maintain 
them

• Don’t let the first cost of the solar 
panels be the excuse

• Integrate everything with the ZE goal
• Monitor energy use
• Don’t forget the learning



47
Years in practice

Mid-Sized Firm with
75   Employees
32   Licensed Architects
34   LEED APs
6     WELL Aps
2     Offices
1     CBE

3 Practice Areas
Serving Specific Client Needs:

K-12
Athletics + Community

Higher Education

Cardinal Elementary School

Alice West Fleet Elementary School

Bluestone Elementary School 

GWU Thurston Hall Renovation

Virginia Wesleyan University Greer Center

Lubber Run Community Center

+500K SF
Net Zero Energy

Buildings

2 AIA COTE Awards

AIA 2030 Commitment

JUST Certified

Design Corps



80 People all within 80 Miles



NZE (site) = Within a given site, a building that produces as 
much energy as it uses in the course of a year
…at the lowest possible cost

Cost-effective NZE



Building Performance in EUI (kBTU/sf/year)

National K-12 School Avg.

2030 Baseline

Cougar Elementary
Opened 2001

Manassas Park Elementary
Opened 2009

Lubber Run Rec Center
Opened 2020

Cardinal Elementary
Opened 2021

Fleet Elementary
Opened 2019

Bluestone Elementary
Opened 2017

Discovery Elementary
Opened 2015

70.0 
kBTU / GSF / YR

57.6 
kBTU / GSF / YR

55.0 
kBTU / GSF / YR

30.0 
kBTU / GSF / YR

17.8 (predicted)
kBTU / GSF / YR

17.2
kBTU / GSF / YR

17.1
kBTU / GSF / YR

14.7 
kBTU / GSF / YR

23
kBTU / GSF / YR



VMDO leadership in public NZE projects in the DMV

To date, VMDO staff have 
been involved in 60% of 
NZE (verified or emerging) 
public buildings in the 
DMV – with many more on 
the way soon!



Design for ZE:  giant arrays are a non-scalable approach



Net-Zero and Net-Zero-Ready 
Schools don’t cost more to build

Net-Zero and Net-Zero-Ready 
Schools don’t cost more to design



Proper orientation of the school: design choice that doesn’t cost $

eastwest



THE WALL SECTION 
+ ROOFS

WALL 
SECTIONS

+ 
ROOF

Proper orientation of the school: possible even in more urban settings

east

west



Fleet - south side shading with overhangs 



Cardinal - south side shading with sunshades 



Cardinal - north side 



eastwest



Stack the building from south to north to create PV space















Clean Roofs: no MEP equipment and stormwater on the ground



Geothermal systems are the 
undisputed kings of low energy 
use, and are probably the single 
best life-cycle cost decision. 

Right sized systems combined with 
well insulated, airtight buildings can 
reduce overall MEP costs



Ground Source Heat Exchange: you can make wells work on tight sights



High performance systems are not highly complicated

Geothermal HVAC
no boilers, no chillers

Distributed 
system  

only conditions occupied 
spaces

Demand Control 
Ventilation

Filters where they 
can be reached

Same size filter for the whole 
building



Keep it simple

Simplicity!

Want clear air and 
functioning units?  Make 
them easy to get to and 

simple to service

Owner: “By far the least 
problematic new building 

delivered in my ten years here. 
The building always in green 

lights”

(red light is an alarm condition) 



High Performance Envelopes

Design around effective R 
value of total assembly 

and model it

Use high performance 
glass with low solar heat 

gain coefficient 

Be relentless about air 
sealing and testing



$50 to $59 / sf
Oct 2019 CM pricing for DMV 

$48 to $57 / sf
Oct 2019 CM pricing for DMV 

$51 to $61 / sf
Oct 2019 CM pricing for DMV 

Discovery
R-28

designed in 2013

 

Fleet
R-33

designed in 2016 

Cardinal
R-30

designed in 2019 

There’s lots of different ways to get there



Air Pressurization Testing – Measured Results

0.16
cfm/sf @75 Pa

0.10 
cfm/sf @75 Pa

0.12
cfm/sf @75 Pa

0.16
cfm/sf @75 Pa



Code Cardinal 
ES

Effective R-Value of 
wall assembly

15.6 30.7

U-Value of Glazing 
Assembly

0.42 0.33

Airtightness 0.40 0.10

Added investment in 
envelope  

$170,000

Savings from reduced HVAC 
sizing (incl. geothermal)

$230,000

Net Savings (before PVs)$60,000
+
Value of Reduced PV Array

+
$45,000

$105,000

Integrated Design: good envelopes pay for themselves



What if ice cost $119,000?  Annual energy use of average APS ES in 2015



What if ice cost $119,000?  Annual energy costs of equal sized APS ES



All electric buildings are possible 



All electric buildings, including kitchens.  No fossil fuels and no complaints



Building amenities and occupant 
comfort don’t have to be 
sacrificed to achieve Net Zero



We Design Facilities Where Teachers + Students Thrive

2019 Livable Building Award 
2021 Livable Building Award



Absentee Rates per Teacher



A high-performance, low-impact 
mindset has unexpected benefits



Cardinal:  a 185-acre watershed flows through this 5.7 acre site 

84” storm pipe (that’s huge!)

Footprint of new construction + 
geothermal wellfield



2019 – a month’s worth of rain in one hour

Cardinal ES



Resiliency 



Resiliency 



Holds and slowly releases 535,000 cubic feet of water – 90th percentile storm event 



Resiliency





Power for construction / pumps +  100% ventilation for Covid = EUI 21

Because it was a low-impact design, the 
Cardinal project added 92,160 sf of new 
construction to the site but didn’t have to 
upgrade the existing electrical service.



Sustainable buildings enhance a 
school’s mission and help teach



Solar Calendar:  Tells time of day & time of year



Interactive Solar Lab



Expressing Building Data: consumption & production, each node is 10kW







Student led initiatives: Graphing data; Hydroponic garden



Today’s kindergartens will graduate from high school in 2036 – future is now


