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By the Numbers

900

Employees

A

Offices Nationwide

250

Professional Engineers

56

Years of Service



Our Expertise

MEP Engineering

Zero Energy / Carbon Engineering
Renewable Energy & Sustainability

Energy Modeling

Commissioning

Technology / Security Infrastructure Design
Construction Administration

Performance Contracting

Energy as a Service (EaaS)

Inflation Reduction Act
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Operational Zero Energy / Zero Carbon
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Zero Energy
Thought Leadership

Leading ASHRAE Awarded Design Firm
30+ ASHRAE Society International Technology Awards

Co-Authored Multiple Advanced
Energy Design Guides for Zero Energy
Schools and Offices

Advanced Energy Design Guide
for Small to Medium Office Buildings




What is Regenerative Design?



What is Regenerative Design?
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What is Regenerative Design?

(Macro Strategies)

Renewable and
Islandable
Energy Source

Design for passive ventilation

Ny

Design for passive heating and cooling

-

5

Design for daylight

o)

Maintain Habitable Temperature J—

ll:UtiIize shading devices

EProvide hook-ups for temporary power

:'\_Enhance envelope insulation and thermal mass

CEIevabe HVAC equipment

=
{_Battery storage

(" Program building automation system for dual mode operation

Closed ]
Water

System J
Shelter ]

'\ (typical and emergency)

-——{Collect, store, treat rainwater from roof

{_Emergency lighting circuit

~

g Oversize roof drains

—( Plumb for greywater separation
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Operate Building in Low Power Mode
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( Rainwater Capture + Use
( Greywater Capture + Use
-

Potable Water Distribution
.
Provide Refuge

2

{Store and treat greywater
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=—i:_Distribute potable water without electricity

:Store emergency provisions

(" Build sheltered spaces

-

\_(large enough to shelter other members of community)

{ Insulate water system
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{ Ensure sinks and toilets operate without power




What is Regenerative Design?

Typical Definition:

Creating resilient and equitable systems that integrate the needs of society with the integrity of nature.

Minimizing the impacts on carbon, water, nutrients, air, biodiversity, social, ecological and health.

Our Definition (Engineer’s Definition):
Shifting the focus from minimizing negative impact to maximizing positive impact.




What Does that Mean?
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o
YL OOLOO000000000
v TYYYYY, !.-."-.u.".““..'.’.. 10080000
(xr) ".’-‘-’u.'l“‘.. | ) P..
‘,.c'a‘..o":\q."\'.‘. ) ‘.‘:‘.." 7 ‘

L L)

OO0
—_— A f‘:‘:‘.‘.‘:ﬁ-
W8 0sneiniomnminnins fon XS r‘a.o‘: ) XXX
‘?:.:.'.‘.oc..i.o:i.',‘.:....o.o: X ’.:g:o‘o‘o‘o‘to",%’.‘o‘ fo:o‘%*o’::‘.
A R OO0 S L)
'..‘:’,"_..'.‘.....0.. YY) ...G"ﬂ‘.‘ (IXYYX)
YY) S 000800010 °...“0¢0_3 ) 0004
'..,.au.... (X XK 00000000100 () ".°<'__-".
0000400 4 (A0RRR00) LR X LX) ... h-";’.‘
IS SAsaN honenoel 000060080008 S
OO l,gl’i...“ 90008080004 00244 'Y
fUINIn FYINIY) ........:a X X) be ’..
...,_1'100'..'..'00 L/ $800000 0004 B
YY) G."....‘...i » 40000040000 i 104
A AN, R, 0 o
LAY \ 9000081009 X e
CLCOOU) 494901 90 80090004 o 99
LA AR ".’.‘....( ¥ ) "o
0.0.0"'.'.“'.""0.0.0.0!!:" ..:......h"' '0.0‘ '.“‘
|.l.l.r)'t°l‘I.P'.‘.:. ‘.‘.‘. ‘ .0 “..‘.....‘.' "’.‘ ’.l ’."‘
OO0 (LX) 00099004 ( " o
18406600 ¥ 90 204 ......." 9 o R/
SR A AR X O DO
Kes0680 20000 Y 9069000 .J 0 X
(XYY i...'... ] ‘......‘ f b O
J O A AR, COVOOOOSOEY X 0 9
$00400008) H". 2000006469 [ X .‘
! DO OO $900990%  fo) 0 L0
A 880000001 08 )
A OO XYY $0009900 ¢ ¥o1 X 99
PAREC OO ) 99000000008 Y 00
4 O OO OO ) 0000006 10l " .
$99 0096900000 801 .99 9 XA
A A ¢ ‘o'o‘o'o‘o’n U0 b "'on'nﬂ'"’
9999000 o
X A YY) 99000404 0‘.'.'¢'¢'..ouom OO0 X
'y l!ll!”".""",‘ o '-'o’s‘ooé.u.a’ooo '000“““'“‘” °“""‘0’0’0‘;
i .'....“?',., \ A B 0000000 a_eootooéu s '90000000‘0.0. 60
. OB N ‘:.‘I“Q!_Iﬁ:h«.‘e,;, f'(.oe?o‘f;afqﬁ"f e /) ¢¢¢°¢°¢°¢ 0006 J
- !. b ALY 0 ven o0 .,_-:_\:;l“{:
A
|
ity Al A .
1Al i
;:'\lll‘l
0 B‘U'flfgi:'_t,'-ffff'-" X




Financial Impact

$70
$60
M~ o GSHP
) Payback at VAV/VRF
= i year ~3 payback at
g aga#:st all year ~9 4
others
O 30 3
— /1L
< — — —
$10 e

A Incentive

30 Return at
Year O Year 3 Year 10 Year 20 Year 30

Geo

== « Electric -VRF == = E|ectric - Hybrid 75% GSHP / 25% ASHP - Natural Gas - VAV e | eCtriC - GSHP
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Building as a Teaching Tool

' - -
g FIREPROTECTION PIPES
. carry and reguiate water that
will extingulsh a fire in case of
=== —mmergercy. These mpesmay-iooks SR
smpil, butthey.re helging to keop,
= jiou safal ~

Geothermal systems are
more energy efficient than
normal heating and cooling
systems. Energy efficient

systems like geothermal help Vurachons carbien

to reduce climate change by ' reduction from the
¥ Geothermal System js
reducing the amount of . \ | cquivalert to alanting

carbon that is emitted to the LA _. - 982 Acies of Trees
\ Compared to the
Earth's atmosphere. _ Old West Elementary

School Building.
That's more than

200,000 trees!



Community Impact

e,
John King: Our Schools Are Critical to the
Fight Against Climate Change

Sistema de Aire Exterior ' - E:;‘
Dedicado (SAED) | | > -

¢Por qué necesitamos ventilar nuestra escuela?

LN
i fort chat bacyanior BW1
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ER et
<2l gy, urad ity

Cuando respiramos, exhalamos diéxido de r 4 S

carbono. Cuando hay demasiado di6xido de b o ] > PR R

carbono en nuestros salones de clase, no es i | L "} r__-:.‘.;-:g.':_:.:;::_h

bueno: nos da suefio y puede causar problemas de T

concentracion. Su escuela tiene un SAED que tiene

sensores en cada salén de clase que miden los

niveles de diéxido de carbono. Si el nivel de diéxido

de carbono es alto en una habitacién, el sensor

automaticamente trae mas aire fresco del exterior : » \ 9 The Look of Public School Eq

para reducir el nivel de diéxido de carbono. ; e 8 pair of not 20r K-8 schocts nela transtonm Eals

¢Por qué demasiado dioxido de carbono nos hace
sentir mal?

'O U.S. Department of Education

Student Loans

ARCHIVED INFORMATION

Secretary Cardona to Give Remarks on Department of
Education’s Newly Launched “Return to School Roadmap” and
President's Build Back Better Agenda, Tour Summer
Enrichment Program in Baltimore

Gym Mechanical Room  Salar Lab PV Amay  Geothermal Room  Cafeteria

Contaet; Brews s, (707) 4




Water + Eco System Impact

PREFILTERED RAIN WATER

RECLAIMED AC CONDENSATE

STORAGE CISTERN
175,000 GAL

GREY WATER TREATMENT
SKID AND DAY TANK

POTABLE WATER TREATMENT
SKID AND DAY TANK GREY WATER DAY TANK

CONSTRUCTED WETLAND LIVING MACHINE WASTE TREATMENT
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Biophilic Design
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Living Walls + Biofiltration
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Indoor Air Quality
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Social & Environmental Justice
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Performance... Plus More



Designing for

Nlad "7 - -
: uew & EuCl U

SERFORMANCEE



Our New Reality

Energy &
construction
costs are on

the rise

Budgets
are tighter

https://www.xcelenergy.com/staticfiles/xe/Marketing/Managing-Energy-Costs-Schools.pdf

Communities are
looking for good
stewardship of
taxpayer dollars

Clients are looking
for lower cost of
ownership, ease of
maintenance, and
lower utility costs


https://www.xcelenergy.com/staticfiles/xe/Marketing/Managing-Energy-Costs-Schools.pdf
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Follow the Energy

Drastic Consumption Reduction

HVAC (~45%)

— Massing/Orientation

— Envelope/Shading
— Systems

— Controls

Kitchen (~25%)

— Cooking

— HVAC + Lighting
— Sanitation

— Refrigeration
Lighting (~15%)
Plug Loads (~10%)
IT (~5%)

Kitchen =25%

Plug Loads
~10%

IT=5%

HVAC =45%



What is EUI?

@ Heating

@ Cooling
Lighting ‘ ‘ \
& Pumps + Fans
. f12
Q Plugloads Energy Use Intensity

(kBtu/sf/yr)
O Hot Water ‘ '

1T/ AV /

Kitchen Energy per Square Foot per Year
— Measured in kBtu




CMTA Deep Energy Retrofit Success

Facility Baseline & Post-Project Energy Use Reduction

Post-Renovation . Pre-Renovation




Performance + More

onth > Net Energy 5

< Mar 2023

1400
1200

1000

|
|
&
| @ HVAC 9,505.828 kwh () Lighting 1,726,288 kwh o Plugload 5,337,635 kwh
| 4
| Building Loads Breakdown
Mar 2023 2
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[ Building Solar Generation

Consumption 1 2 3 4 5 6 iy B ] 10 11 12 12 14 15 16 17 18 19 20 21 22 23 24 25 26 27
. Building Consumption . Solar Generation . Met Energy Consumed . Met Energy Generated

Building Consumption VS Solar Generation
| Mar 2023

What dees this data mean?
This charl compares the amounl af energy the building is consuming to the amount of energy the solar array is generating. The difference between the two amounls is the "net” energy. The nel can be posilive {which means the building is cansuming energy fram the utility company - these values are shown in red) ar
negative (which means that the building is generating more energy than it's cansuming - these values are shown in green)

28

240

31

Bullding Censumption

Salar Generation




Performance + More




Strategies for Success



Decision Making Process

©-0 00

Building Orientation Building High Performance On Site
& Massing Envelope MEP Systems Renewables
Maximize daylighting and Tight envelope for low Fully electrified, heat Reduce EUI first and
control solar heat gain infiltration, reduced heating pumps, improved IEQ maximize roof area

and cooling loads



Orientation + Massing

EUI: 25 EUI: 23
kBtu/ft2 kBtu/ft2
Base Case -1 EUI -3 EUI

N s

Surface area to volume ratio Surface area to volume ratio Surface area to volume ratio

COMPACT OPTION 1 DISPERSED COMPACT OPTION 2 DISPERSED COMPACT OPTION 3 DISPERSED
0.05 4.0 0.05 4.0 0.05 4.0



Testing Standards
— ASTM E779
— ASTM E1827

04

0.2

0.1

0.25

Air Infiltration
— Code Minimum
— Federal Mandates

— Industry Standard
0.15
0.03

Code Minimum Federal Mandate CMTA Standard CMTA Best




Electrification
Feasibility

System Selection

Electrical Infrastructure

Cost & Feasibility




Any Building can be Zero Energy...
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Achieving Decarbonization

Active + Passive Strategies

1
II.’
Solar PV

Battery Storage

- Maximize Available PV
HVAC Pathogens aximize v_ala e Adiad Hesliancy
- Create Shading - Carbon Reduction

Local Filtration

\MERV 13 /

Geothermal Wellfield Analysis
@ 166 Wells Available + Future Expansion Green Space

2 A

- Circadian Rhythm

- Wellness

/@+..-__»-“

Energy Modeling Enhanced Envelope PhotOVO|taic Sizing Analysis

- Historic Envelope

B 354 kW - 11 EUI Offset
Bl 225 kW - 6 EUI Offset

Geothermal HVAC |:| / B 200 kW - 5.5 EUI Offset
- Maximize HVAC Efficiency D
Bi ost Impact Haatin,
Indoor Air Quality n = P_ cmn:. r
3 20 EuUl

- Data-Driven Design Decisions

§Reduce Carbon Emissions

- Reduced Energy
- Eliminates Onsite Combustion Windows - Improved Ventilation o ® :::..Jmn
% . Pumps Torget
- Future Expansion - Reduced Energy Loss =Redited Eneigy '3, e g @ 100%
- interior Lighting - Solar

MConnection to Young) / - Daylight Access \- Occupant Health / = - v Extnor Lighting
O e = Procsss




Design Strategies

— Orientation

— Daylight

— Lighting Design
— Windows

— Room Colors

— Exterior Shading
— Glare Control

— Tuning Materials




Indoor Air Quality

Cognitive Performance Impact
research [

Associations of Cognitive Function Scores with Carbon Dioxide, Ventilation,

rdior-marrl HTML wawrs o e st by
e o g V0 LIB B 1410301

and Volatile Organic Comp

es in Office Workers: A Controlled

Exposure Study of Green and Conventional Office Environments

Joseph G. Allen," Piers MacNsughton,'

! and John D. S| ler’

Usha Satish? Suresh I Jose

TEnpasurs, € pidemusiogy. and sk Program, Depanment of Ervironments! Health, Harvars TH. Chan Schoo! of Publc Healh. Bomon

Massachusetts, USA Prychustry snd Bahavios
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Assessment Conter, Center of Excellence, Syracuse University, Syracuse, New York, USA
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Design Strategies

— Ventilation

— Filtration

— Economizer

— Material Selections

— Pressurization

— Tight Envelope

— Viral Controls

— New ASHRAE Standards




Design Strategies

— Setpoint Controls

— Summer: 73-79 Degrees

— Winter: 68-75 Degrees
— Dehumidification

— Design humidity range between 30-58%
— Optimize Air Movement
— Fans
— Resiliency

— Grid Issues / Weather Issues
— Operating Costs

— Too Hot / Too Cold




Design Strategies

. N

| -r._
"
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— HVAC Design

— Equipment Placement

— Dampening Surfaces

— Space Adjacencies

— Enhanced Audio Devices




High-Performance Buildings

Circadian Rhythm — Triple Bottom Line Success

Optimize Circadian Rhythm - Student Success

Social

&%

$$$ Reduced Energy Cost

Daylight Orientation Window Color Ceiling Exterior
Modeling Sizing ~ Selections = Heights = Shading

TOOLBOX

Reduced HVAC Option to Better Reflectivity
System First Cost Eliminate Blinds & Buy Less Fixtures

Economic

@ Reduced Energy Consumption  Reduced Production of Materials Reduced Refrigerants Used

Environmental



High-Performance Buildings
Circadian Rhythm - Design Strategies for Quality Access to Light

+

Window Shading

>

Eril u’ |
“"ﬂmn. Nz

Light Shelves External Shading Room Colors Ceilings Exterior Shading

-l
o |



High-Performance Buildings

Indoor Air Quality — Triple Bottom Line Success

Optimize Indoor Air Quality and Pandemic Resilience — Student Success

Social
S
69 . ; Tight -

o —~ Filtration | Air Changes @ Ventilation Matelzlal . Building Positive
(@) ~ Selection ., ope Pressure
O
-

$$ Tight Envelope Reduces Energy Shift Cost Saving to Increased Ventilation,
$ Costs & HVAC System First Costs Enhanced Filtration & Material Selection

Economic

@ Reduced Energy Consumption  Reduced Production of Materials Reduced Refrigerants Used

Environmental



High-Performance Buildings
Indoor Air Quality — Design Strategies for Optimal Filtration & Ventilation

"\

N %

P ®

N .
MERYV 8

Air Change Rates

Bipolar lonization

A

Pandemic Resiliency

f N\

P

et el ° e
o™ o™~

MERV 13

Eliminate Infiltration

88 °

- ]::

ENVERID Code Minimum

—e —-
]
— —-
Om— o——-
’(‘

Positive Pressure 1000 ppm CO, Max




Case Studies



Brockton Behavioral Health
Boston Medical Center, MA

Zero Carbon Targeted

700kwW
Photovoltaic Array

500kWh
Battery Storage

791 MTCO,e
Avoided Per Year

16.67 Miles
of Geothermal



Corporate Headquarters
Pepper Construction

WELL Gold Targeted | LEED Platinum Targeted

214kW
Photovoltaic Array

Zero Carbon Certified

122 MTCO.e
Avoided Per Year

2.4 Miles
of Geothermal



Foundation Headquarters
Galveston Bay Foundation

77.33kW
Photovoltaic Array

Zero Energy Targeted

Microgrid
Battery Backup

Geothermal HVAC

Living Building Challenge Targeted



John Lewis Elementary
District of Columbia Public Schools

WELL Platinum Certified (15t U.S. School) | LEED Platinum Certified

650kW
Photovoltaic Array

Zero Carbon Certified

1,500 MTCO,e
Avoided Per Year

15.15 Miles
of Geothermal



Christina Lee Brown Envirome Institute
University of Louisville

WELL Gold Targeted | LEED Platinum Targeted

Water Reclamation

Historical Building
Adaptive Reuse

Geothermal
4 Wells vs. 40 (Typical)

Biophilic &
Biomimicry Design



Thank You!
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