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Course Description

When tasked with creating the new headquarters for Apex Clean Energy in Charlottesville,
Virginia, William McDonough + Partners sought a solution that could provide healthy
materials, prioritize occupant well-being and harvest daylight and solar energy. To
meet these needs, a mass timber structure combined with rooftop solar array was
chosen. In this session, hear firsthand from WM+P on how they navigated the code
approvals for a 100 ft tall mass timber office building, how natural daylighting and a
green roof were incorporated to enhance occupant comfort and promote biodiversity
and stormwater retention, and how the design incorporated circular economy tactics,
such as the ability to dismantle and re-use the mass timber products after the

building’s end of service life.



Learning Objectives

1. Discuss the role that exposed mass timber framing played in meeting the

client’s goals of healthy materials and enhanced occupant well-being.

2. Explore the code approvals process for a unique, 100 ft tall mass timber

office building.

3. Highlight the use of 875 roof-and canopy-mounted solar panels on this
project, which is expected to produce 364 MWh of energy per year,

enough to equate to net-positive energy use by the Apex offices.

4.  Review how high-value mass timber elements can be dismantled after the

building’s service life is complete to be re-used in another structure.



design is the first signal
of human intention
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we need a new design
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LINEAR ECONOMY
RESOURCE EXTRACTION DISTRIBUTION | CONSUMPTION

CIRCULAR ECONOMY

It Is more than just closing the loop...
or putting the linear economy in a circle
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products for consumption products as a service

cradle to cradle circular economy
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C2C an innovation and validation

framework

material
health

9 , product
circularity

clean air & climate
protection

@' water & soil
stewardship

* social
fairness

C2C Certified® Product Standard
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cradletocradle

PRODUCTS PROGRAM

Ensuring materials are safe for humans and

the environment

Enabling a circular economy through
product and process design

Generating clean energy and protecting

the climate

Safeguarding air, water and soil resources

Embracing safe, fair and equitable labor
practices that advance human rights and

sfrong communities

Cradle to Cradle® is a registered trademark of MBDC,LLC.
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@ mute riul cradletocradle
health

Chemicals and materials used in the product
are selected to prioritize the protection of
human health and the environment,
generating a posifive impact on the quality of
materials available for future use and cycling.

PRESENTATION ©2022 WILLIAM McDONOUGH + PARTNERS Cradle to Cradle® is a registered trademark of MBDC,LLC.
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6 @ PrOdUCt cradletocradle
circularity

Products are intentionally designed for their
next use and are actively cycled in their
INfended cycling pathways.

PRESENTATION ©2022 WILLIAM McDONOUGH + PARTNERS Cradle to Cradle® is a registered trademark of MBDC,LLC.



Material Health requirements

« All product-relevant process chemicals are assessed as compatible with human & environmental health
«= 50% of the product by weight is assessed as preferable for human and environmental health
« TOXic emissions in the supply chain are addressed by either:
Inputs are = 75% MHC or = 50% C3C Certified w/Gold or Platinum level + strategy to increase percentages
OR
Environmental & human health impact hotspot LCA + strategy to address identified hotspots

PLATINUM

« All chemicals and materials subject to review in the product are assessed (100%)

« Product is optimized for material health (all chemicals are compatible with human & environmental health)

« Product has very low VOC emissions or is inherently non-emitting

. Strategy developed to increase the percentage of preferred materials and chemicals in the product OR optimize
the chemistry in the supply chain

- Product is 95% assessed

. Product does not contain materials with > 1% C-bonded halogen by weight, recognized PBTs, vPvBs, Cat.1&2
CMRs posing risk, or substances causing an equivalent level of concern

« Product has low VOC emissions (for products permanently installed in buildings)

« Product complies with VOC limits (for liquid/aerosol consumer & construction products)

- Product is in compliance with the Restricted Substances List (RSL)

« Product does not contain organohalogen substances of special concern (PFAS, HFRs, highly halogenated) or
functionally-related, non-halogenated classes of equivalent concern (OPFRs) above relevant thresholds

- Product is 75% assessed and 100% characterized by generic material

«Strategy developed to phase-out or assess/optimize all unassessed and problematic chemicals

PRESENTATION ©2022 WILLIAM McDONOUGH + PARTNERS Cradle to Cradle® is a registered trademark of MBDC,LLC.




Product Circularity requirements

« At least two intended cycling pathways are defined for the product and its materials

«= 99% materials by weight are compatible with intended cycling pathway(s)

« A minimum amount of product is actively cycled

« Monitoring program to track cycling rates/quality and an increase in cumulative rate/quality is
demonstrated

PLATINUM

«= 90% materials by weight are compatible with intended cycling pathway(s)

« Materials compatible for high value cycling

. Circular design opportunity implemented

« Product designed for disassembly (if relevant)

. The product is actively cycled and/or a program is implemented to increase the cycling rate or quality
of the product’'s materials after use (also applies at Platinum)

. Cycling partnership(s) initiated

«= 70% materials by weight are compatible with intended cycling pathway(s)

. Strategy for improving product circularity is developed

« Applicant is involved in a circularity education initiative

.Infended cycling pathway(s) for the product and its materials are defined

« Plan for improving cycling infrastructure; cycling partnerships identified

« Meets level-specific product/material targets for % cycled or renewable content (targets increase
through Platinum) Alternative: limitations are publicly reported

«= 50% materials by weight are compatible with intended cycling pathway(s)

. Circularity data and cycling instructions are publicly available

PRESENTATION ©2022 WILLIAM McDONOUGH + PARTNERS Cradle to Cradle® is a registered trademark of MBDC,LLC.



Cradle to Cradle® - inspired The Five Goods™

» O ' a5

Circular Renewable Water Social
Economy Energy Stewardship Fairness
GOOD MATERIALS GOOD GOOD ENERGY GOOD WATER GOOD LIVES
Safe biological and ECONOMY 100% Renewable Clean and Safe, meaningful,
technical nutrients Circular, sharing, Energy available to all creative, and
and shared dignified.
-Prioritize C2C -Design for -Net positive for -Capture -Biophilic
certified materials adaptability new buildings stormwater from -Beauty from
_Utilize Mass -Design for -All electric roofs to reuse in Simplicity
Timber for the disassembly -Resilient the landscape -Healthy
superstructure -Balanced, (batteries) -Resilient -Community
-Low embodied Intentional, and landscape
carbon materials Repeatable design.

PRESENTATION ©2022 WILLIAM McDONOUGH + PARTNERS Cradle to Cradle® is a registered trademark of MBDC,LLC.



How do our buildings impact the environment | WBLCA

OPERATIONAL END OF LIFE BEYOND THE
UPFRONT CARBON CARBON CARBON LIFE CYCLE
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FOCUS ON NEXT USE

MODULE A MODULE A MODULE B MODULE C MODULE D
PRODUCT STAGE COMNSTRUCTION USE STAGE END OF LIFE STAGE SUPPLEMENTARY
PROCESS STAGE INFORMATION
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emits oxygen
sequesters carbon
fixes nifrogen
accrues solar energy
creates food

creates fuel

distills water

provides habitat
creates microclimate
changes color
self-replicates

a building like a tree
goal: carbon positive behavior
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bullding case studies

smALL | MEDIUM | LARGE
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CO | LAB a building like a tree
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/0% of GWP related to the building structure

Mass Timber | CLT Structure

PRESENTATION ©2022 WILLIAM McDONOUGH + PARTNERS Collab



High Performance Skin | Integrated PV Array
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Going beyond zero carbon and toward
carbon positive

Using Revit and Tally plugin. the team modeled the wood frame and two
alternates (one with a steel frame and CLT decks and walls and one with a full
steel and concrete structure. The all wood system was validated as the most
environmentally friendly system of the three.
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Designed for Disassembly in
the Circular Economy

By assembling the bullding usig only mechanical fasteners, the high-valus MMT
alarnants can be disassambled and then reused or recycled to be endlessly
recirculated n a safe, then circular, economy. The MT structure provides an
interior tactile benelit while also allowing rapid installation of the structural
frame and envelope and decreasing the building's carbon footprint

CO|LAB

Designed For Next Use

PRESENTATION ©2022 WILLIAM McDONOUGH + PARTNERS Collab
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Cost reduction and
beauty in using Cross-
Laminated Timber as o
finished product

PRESENTATION ©2022 WILLIAM McDONOUGH + PARTNERS



Safe and healthy materials in &
collaborative, flexible workplace
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LEED Platinum v4 BD+C
Certification

Prioritizing matenal and human
health through the specification
ot Cradle to Cradle Certified™
Products, Health Product
Declaration, Forest Stewardship
Council and Declare products
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CO | LAB metrics

designed to be net energy positive
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« All Electric - VRF

« Predicted Consumed Energy Use Intensity (Site EUI): 25 kBtu/sf/yr
« Predicted Net EUI: -5 kBtu/sf/yr net EUI,

« Carbon emissions: -1.7 lb/sf/yr, net carbon

Percent from Renewable Energy: 118% - integrated for Battery backup &
Resiliency

PRESENTATION ©2022 WILLIAM McDONOUGH + PARTNERS Collab



Apex Is working to speed and sh
transition, pioneering new deploy
energy fechnologies omd d

’

he energy
of clean
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https://www.apexcleanenergy.com/solutions/

How do we decarbonize the built environment
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Charlottesville, Virginia
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Charlottesville, Downtown Mall
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Charlottesville, Downtown Mall
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Apex's new offices will bring the company’s more | £ aai 0 e e L TR e ¢
than 200 renewable energy experts into one building .
designed for collaboration, health and wellbeing. ik
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Design Positive™

NET ZERO
ENERGY

All Electric
No on Site Fossil Fuels

Carbon Free
Renewable Energy

No Net New Energy
Use for APEX spaces

Optimize Operational
Energy Use for GhGs

CLIMATE
FRIENDLY
MATERIALS

Mass Timber Structure

Low Embodied Carbon
Materials

‘Cradle to Cradle
Material Approach”

©2022 WILLIAM McDONOUGH + PARTNERS

RESPONSIBLE
WATER USE

Green Roof

Low Flow and High
Efficiency Fixtures.

Stormwater BMP

CIRCULAR
ECONOMY

Design for Next Use

DfD (Design for
Disassembly)

Material Passports

HEALTHY
BUILDING

Biophilic

Beauty from
Simplicity

Healthy

Community

MASS TIMBER | APEX PLAZA
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Existing site condition - Downtown Extended corridor ("DE")
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Maximum allowable building envelope - 101" Max Ht

©2022 WILLIAM McDONOUGH + PARTNERS
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Split massing by program | Step facade per zoning requirement
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Ground activities + access

©2022 WILLIAM McDONOUGH + PARTNERS

ELECTRIC CAR CHARGING STATION

MASS TIMBER | APEX PLAZA
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Views and daylighting

e Respect neighboring building
view corridors /

e Highlight views

e Optimized floor plate depth
for daylighting

e Pt o
)
! L !

©2022 WILLIAM McDONOUGH + PARTNERS MASS TIMBER | APEX PLAZA 43



Exposed Mass Timber structure
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e Daylight atrium oriented ""'l- = -"

along true north axis

e Optimize facades for shading W
based on orientation

©2022 WILLIAM McDONOUGH + PARTNERS MASS TIMBER | APEX PLAZA 46
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The Five Goods™

GOOD GOOD GOOD GOOD GOOD
ENERGY MATERIALS WATER ECONOMY LIVES
100% Renewable Safe biological and Clean and Circular, sharing, Safe, meaningful,
Energy technical nutrients available to all and shared creative, and
dignified

A Framework for a World Class Workplace

©2022 WILLIAM McDONOUGH + PARTNERS MASS TIMBER | APEX PLAZA
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Why Mass Timbere | Weight Reduction

LOW CARBON FOOTPRINT | Mass Timber vs. Concrete

Concrete Option

2-wary llat slab at ofkce lowels

107 concrode slabs at office levels
18 x 24 concrele parimater columns
24 x 24 conchate Mo Columing

Concrebe podiam
2Hh concreta mbatof colurmns
1682168236 intevior loohings

©2022 WILLIAM McDONOUGH + PARTNERS

Mass Timber Option Mass [metric ton] 7,143 metric
CLT floor slab at altice levels: 25000 e ion. reduced
6 58" thick CLT slabs al olfice leveis 20000 weight
12 7/8 x 12 78 Glulam perimetsr columns
12 T8 x 18 Glulam inienor columns 15000 1579 1 wood
14 B 1 conc
AHE00
Concrete podium!
24x24 concréta intanor columns 5000
Tddx 144u36 mienor Ioolings 6
Corcosbe aws Timbar
Diption Ophon

MASS TIMBER | APEX PLAZA
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Why Mass Timbere | Carbon | Weight Reduction

LOW CARBON FOOTPRINT | Mass Timber vs. Concrete

Concrete Option

2-way llat slab at office lowels

107 concrode slabs at office levels
18 x 24 concrele parimater columns
24 x 24 concnate MBHRoL Columing

Concraté podium
2620 concrete mbemol columns
168 168x36 inefior footngs

©2022 WILLIAM McDONOUGH + PARTNERS

Mass Timber Option Mass [metric ton]

CLT Noor glab at allics levils: 25000
6 58" thick CLT slabs al ollice lavels

23600 1 cone
20000
12 78 x 12 78 Glulam petimeter columns
12 T8 x 18 Glulam mianor columns 100 I 1 578t wood

14 B [ conc
[4:00,8)
Concrete podiim:
224 concrate intenor columns 5000
1d44x 144036 mienor footings 6

Mm'lnﬁlr
Oiplicn

Global Warming Potential

[mtCO.eq) 1,660 mt CO,
Fisa b|o%en|c
2000
s I = carbon
o
1000 I 448
2000
oo 4,505 mt CO,
5000 GWP reduction
00 5950
Conoivle Mass Tamber
Optin Oypticn
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Concrete vs.

©2022 WILLIAM McDONOUGH + PARTNERS

CLT | 800 mtCO, Avoided GWP

A i,

;ul. & Carwdan

(" This is equivalent to
carbon sequestered
by: 5,331 acres of U.S.
forests in one year

\_

~

)
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Why Mass Timbere | Speed | Carbon | Weight Reduction

CONSTRUCTION | Speed
Prefabricated materials designed for disassembly ensure complete coordination between design, manufacturing and

on-gite construction. Compared to concrete, CLT structures can be installed in a shorter time period. In lact, more than 20% Schedule
15.000 square feat of CLT can be installed per day, dramatically cutting construction schedules and costs.

reduction
TIMELINE: Approximate program adjustments for CLT versus traditional reinforced concrete build
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: Earlier start for follow-

up frades; no waiting
for cure times

LAY Comgias. Woaha.
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Carbon Positive Design

Going beyond zero carbon and
toward carbon positive
_arbon seguestration s an fmportant

component of Dulding with Cro
timber (CLTY For

BO9 matrie tons of C0D2

£.980 metric tons of 032

Potential Carts Banefit

©2022 WILLIAM McDONOUGH + PARTNERS MASS TIMBER | APEX PLAZA




©2022 WILLIAM McDONOUGH + PARTNERS

The Five Goods™

What if our buildings were designed like trees
as living organisms participating productively in

their surroundings?

@ OOD ENERGY

Rooftop Solar - PY Array
Arnual proghocton £33 KW of shaigy < Jmo
Ment Enmepy use iod Spes olfcoy

Solar Array - PV Canopy

Prisgicst whade ahad fecarssbbs aiengy

I High-Performance Glaring
Thrimalby Biolbh wardo Haimes. S0 ARIVAN
B0 g claunng il

4 High-Parfarmance Opaque Envelope
Croga-lneninahnd Timibar (LT, Denak aimen
i Daanies, Thvirmolbe: (g irpusel o
TrsrTraly EGRE FEnCT o m EHUCILFS
amsdison Cladding

S High-Efficiency Mechanical Systems
Varabbo rofnigormnt fiow ogquipmant, anaoigry
IScovery vaniados — low shorgy consumplion
and i o Eng cosls

) coop warter

& Groon Rool Torrace
Providei Nalsilnt, pisdwers by and
storrrmanalod rebonion

el Tl TN o
Ll 0L ME&aIERIALS

4 Mnss Timber Structure - CLT
Businenabily harvesiod FSC and Cradio to
Crmile Cordied™ mks brmbal provdcdes coitson
sirCirRaTIon. ke emboded cartbon keotprin
g Tasl conaiuchon

Cradie to Cradie Certifisd”
Watorials and producis ansessd A8 scolgcal
and haiman hasih

@ coop Lives

9 Daylight and Views + Indoor
Environmental Guality
Ercelisnt pecoey fo nabural lght. reafogs
L A A vl lghing conieole
OOCLEMNDY SimEors and operabie shades

@ coop economy

10 Werkplace Performance
Eftichard, Largs and Bexible loor plaies —
nlacennocisd Wolkpisce BNgapoy NS00
and foanes colinBormbon

B

11 €LY Framing - Designed for Disassembly
Linchilad, nfinpiabis anol coss- el stiuctues
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Tallest MT In the Mid Aflantic | 8 Stories | 101’ tall

=1 s ..';: - T ! —

WHAT MAKES APEX
PLAZA DIFFERENT?

William McDonough + Partners’ building
design s the paramount example of apphing
the Cradie to Cradie Design” Framework and
Larcular Econoimy’ Ehinking to a callaborative

muldti-tenant office space

Tha tuillding (s based on a few key Cradle to
Cradie and Circular Economy principles that
et it apart from a typcal office Sulding

Building like a Tree

Carbon Positive - Carbon Sequestration
Net-Positive Energy

Designed for Disassembly

Cradle to Cradie Certified™ Products
Haalth, Wellbaing and Adaptability

- —
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16 0% 20%

WEEK EREGTION WASTE'ON SITE SCHEDULE
V5. 20 WEEKS (LITTLE TOING) SAVINGS
FOR STEEL
LESS CREW LESS CONSTRUCTION
MEEDED V5. STEEL TRAFFIC
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Construction Benefits | 20% SCHEDULE SAVINGS
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Designed for Disassembly in
the Circular Economy

By assambling tha bulding using only mechanical fasteners, the high-valoa MT
alamenls can be disassamblad and then meused or recycled to ba endlessly
recirculated in a safe, then circular, economy. Thie MT structure provides an
intanor tactile benafit while also allowing rapid installation of the structural
frame and ervelope and decraasing the building's carban footprint

ridem Lo,

T I o S o] B i b | il B
— 0" K F Clgan Beacd

. o = = Uy Bt ] L B

\// B
‘-‘_\-H-'\-_\_\_\_\_\_ﬂ . = § & CLT Wi

B - e o AT e R
Trimi Bty wilh Bence {ox a3l Barw
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Optimize Spans | Reduce Purlins | Double Beams

>
N
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Designed for Next Use | Flexible Grid
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Designed for Next Use | Office
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Designed for Next Use | Apartment Lofis
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Cradle to Cradle Certified™
Silver and Bronze Mass

. Timber products by
Safe and healthy materials in a Mordte Shechiras

collaborative, flexible workplace

Total Mass Timber aréa

By prioritizing material and human health, Apex Plaza aims 1o gl . 123.730 sq fi
onng peophe Togelher (N abundanthy Sayhit flexibla sSpaceEs, In e

addition 1o natural baasuly, ncorparating Mass Timber from Mand 1

Structures alliows for transparency in matorial SO g Mordic 15 FSC

a varfically inteéarated company that owns the forest from which

-
Apexs Fal Black Spruce was sourced. | hey sustamably manage
¥ - G - o i - CEFFIFL D
the timber, use all timber 0 their renewable powered factory and
emphasize ther employesas’ expenandes. Nordic also achieved

Cracle o Cradle Ceartified™ for several of their procducts — a first
[

of the Marth Amesican marked
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Health, Wellbeing and

Adaptability
Thesrmazl FHaris

e ! | i Leis alciant than w

el | e e | P e
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3RD FLOOR TERRACE PV CANOPY

©2022 WILLIAM McDONOUGH + PARTNERS

\\\ B ¥
ROOF MOUNTED PV ‘

Net-Positive Energy, a maodel
high-performance building

Based on the load analysis APE X tenant office

are projected o consume J3L.000 KWhy

wEaF Of alesir

naw building mounted solar

projected to generate 364,0(

wlEsb e by rersreTariTerey V1005
| ¥ [ I

glectricity use. The project w

by o an annual basis. The

nstallations ans

) kwWhy/vear of
af APE X s anriual

shnermy demand, providing APEX with nok-mof

I S50 DroWIcEe

on st batbery anergy storage LA i ]

ENergy LMSUr

-33L 000 K'Wh per year

= MErey

364,000 kWh per year

33.000 KWh
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3rd Floor | Roof Terrace D

J :l!ll oty 0 A g
> ...-_!, Lot *.i-l. ; : y :‘U"'-
= N | _— S S— 1
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9th Floor | Roof Terrace Solar Canopy
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Embodied Carbon | Mass Timber Carbon Sequestration Potential

Global Warming Potential®

[mtCO.eq]
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STEEL BASE CASE DESIGN ,a e

Concrete filled metal deck

Steel frame
Steel BFRB — ——
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L ARGE FLOOR PLATES
-TEAM CONNECTIVITY
-VOLUMES OF SPACE
-ABUNDANT DAYLIGHT
-ACCESS TO NATURE
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https://www.c2ccertified.org/products/registry
https://www.c2ccertified.org/products/registry

MASS TIMBER
(CLT) STRUCTURE

-Concrete optimization (Carbon
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increased SCM's
-Use of ‘Nucor’ rebar
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Integrated Hvac Systems - RAF and Radiant Ceiling Panels
DfD - Dry Acoustic Mat
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Infegrated Renewable Systems
Mass Timber Structure And Pv's Clipped To Standing Seam Roof

@ ETE X 3T GLE PLRLIN
@ BOUBLE BTE X 3 CLB CIRGER

@ 1215° X 15" GLB COLUMIN

ETANGING SEAM MITAL ROOF

PAMABCNIC Py MODLULES ATTCHED Vil CLIP
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Carbon Analysis | Whole Building Life Cycle Analysis (WBLCA)

BUILDINGS 2 AND 3 BUILDING 2 BUILDING 3
o o o o
507%-62% 25.5% 27.47%
cumulative gwp reduction gwp reduction gwp reduction
S DG F RASE L EUmLDiNG 3 BALEnmal unmmm “—:mm
! ; in il o .
; - = i LT
E | E ke — E :: : in
3 ; " 3 STRLCTUEE
i § s i
% i -
b se— e ““F | = ”""‘":-

R ——

Baseline 100% SD 100% SD

Measured Against Breakdown Characterization by Physical Scope Impact Reduction Measures
Steel
The 901 Cherry team targeted Mass Timber as the preferred structure from the Impact Reduction Measures (IRMs) were analyzed for 901 Cherry throughout the SD Phase.
. . outset of the concept design phase which conservatively accounts for an initial Four of these options, those with the highest impact and viability, were included in the
The 901 .Cherry project has the benefit 25%-35% reduction in GWP from the outset based on that initial decision. The figure WBCLA results. Results from assembly studies which were not included in the WBCLA results
of an existing steel and concrete above illustrates the GWP from the WBLCA of the B2 and B3 baselines, broken out are included for reference in the following section. The figure above compares the cradle-
design that was generated in 1998 by scope and material type. Concrete and steel in the structure and are the to-grave embodied carbon of these IRMs individually in order to quantify the impact of
before the original project was dominant drivers for both buildings. Their contribution is more pronounced in B3 each measure on whole building GWP.
shelved. The project team will do an due to the four levels of below-grade parking. In the enclosure, most of the impact
in depth analysis of the original design comes from aluminum used in the curtain wall mullions, which are finished with The impact reduction measures accounted for in the figure above include:
fo serve as a one to one benchmark PVDF. PVDF has a significantly higher embodied carbon-impact compared to an -Concrete opfimization (Carbon Cure, Orca Aggregate, and increased SCM's
for measuring the GEP reduction anodized finish. -Use of ‘Nucor' rebar
f/\enel;jrs TQC” come from the use of -Use of anodized aluminum for the curtain wall (PVDF coating is still being evaluated)
ass Timber.
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Thank You

www.mcdonoughpartners.com
areilly@mcdonough.com

PRESENTATION ©2022 WILLIAM McDONOUGH + PARTNERS



> QUESTIONS?

This concludes The American

Institute of Architects Continuing
Education Systems Course

Alastair Reilly, AIA

Design Partner, William McDonough + Partners

areilly@mcdonough.com





