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ASU’s ISTB-7 demonstrates the next 
generation of sustainable design.

WHAT NEXT?
what does the future of 
sustainability look like?
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ASU’s ISTB-7 is a new sustainable 
research facility designed to 
regenerate carbon with energy, water 
and waste to achieve Triple Net Zero.  

CARBON POSITIVE DESIGN
next generation sustainable 
building
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[MACHINE DESIGN] 

CARBON CAROUSEL 
In a Global Research Technologies plan, air breezes through 
resin � lters that slowly revolve around a track, absorbing 
CO2 (inset). An elevator unhooks a loaded � lter and lowers 
it into a shipping container, where it is transferred to one 
of six regeneration chambers that extract the CO2 (bottom 
panels). The elevator then hangs the cleansed � lter back on 
the track to begin trapping CO2 again.

Cleaning a � lter 
begins by evacuat-
ing air from the 
chamber ●1 . Water 
is then sprayed to 
dissolve the bicar-
bonate on the � bers, 
which reverts to 
carbonate and CO2 
●2 . The CO2 is 
evacuated and 
compressed into a 
liquid, for storage or 
use by industry ●3 . 
Water is collected 
through a drain ●4 .

Cleaning a � lter 
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Capture occurs when air 
wafts through � bers covered by 

negatively charged carbonate 
ions (CO3

2–), which  attract the 
hydrogen ions (H+) from residual 
water molecules (H2O), forming a 

bicarbonate (HCO3
–). The remaining 

hydroxide ions (OH–) capture CO2 
molecules, also forming bicarbonate. 
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The world cannot afford to dump more car-
bon dioxide into the atmosphere. Yet it is 
not cutting back. All indications are that 

the concentration of CO2 will continue to rise 
for decades. Despite great support for renew-
able energy, developed and developing countries 
will probably burn more oil, coal and natural 
gas in the future. 

For transportation, the alternatives to petro-
leum appear especially far off. Onboard energy 
storage for electric vehicles is difficult; for a giv-
en mass, batteries hold less than 1 percent of the 
energy stored in gasoline. Carrying hydrogen on 
vehicles requires 10 times the storage volume of 
gasoline, and the high-pressure tank needed to 
hold it is very heavy. Although a few maiden 
flights of airplanes powered by jet fuel derived 
from biomass have taken place, it is unclear that 
biofuels can be produced at the quantities and 

low prices required by airliners . . .  or by ships 
for that matter.

So how are we to keep the CO2 concentration 
from rising beyond its current level of 389 parts 
per million? Unless we ban carbon-based fuels, 
one option is to pull CO2 out of the air. Allow-
ing forests to expand in area could absorb some 
of the gas, but humans produce so much that we 
simply do not have the land available to seques-
ter enough of it. Fortunately, filtering ma-
chines—think of them as synthetic trees—can 
capture far more CO2 than natural trees of a 
similar size.

Several research groups are studying proto-
type machines, among them the Georgia Insti-
tute of Technology, the University of Calgary in 
Canada, the Swiss Federal Institute of Technol-
ogy in Zurich, and my own teams at Columbia 
University and Global Research Technologies in 

Machines could 
absorb carbon 
dioxide from the 
atmosphere,  
slowing or even 
reversing its rise 
and reducing 
global warming

By Klaus S. 
Lackner

Carbon out of the air
Washing
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ASU’s ISTB-7 will clean air, clean 
wastewater, collect water and absorb 
carbon, producing a living, positive 
conversion of fugitive carbon into 
life-giving nutrients for durable materials 
and enriching soil.  

STRATEGIES & TACTICS
triple net zero | positive carbon 
design

klaus lackner
ASU reacher
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ASU’s ISTB-7 will simultaneously 
support and demonstrate research 
advancing sustainability.  One example 
of a potential ASU researcher is Klaus 
Lackner, PhD, and his integrated carbon 
capture technology.

RESEARCH
supported and demonstrated in the 
areas of sustainability and robotics

robotics water purification carbonsequestration carboncapture farming 
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able energy, developed and developing countries 
will probably burn more oil, coal and natural 
gas in the future. 

For transportation, the alternatives to petro-
leum appear especially far off. Onboard energy 
storage for electric vehicles is difficult; for a giv-
en mass, batteries hold less than 1 percent of the 
energy stored in gasoline. Carrying hydrogen on 
vehicles requires 10 times the storage volume of 
gasoline, and the high-pressure tank needed to 
hold it is very heavy. Although a few maiden 
flights of airplanes powered by jet fuel derived 
from biomass have taken place, it is unclear that 
biofuels can be produced at the quantities and 

low prices required by airliners . . .  or by ships 
for that matter.

So how are we to keep the CO2 concentration 
from rising beyond its current level of 389 parts 
per million? Unless we ban carbon-based fuels, 
one option is to pull CO2 out of the air. Allow-
ing forests to expand in area could absorb some 
of the gas, but humans produce so much that we 
simply do not have the land available to seques-
ter enough of it. Fortunately, filtering ma-
chines—think of them as synthetic trees—can 
capture far more CO2 than natural trees of a 
similar size.

Several research groups are studying proto-
type machines, among them the Georgia Insti-
tute of Technology, the University of Calgary in 
Canada, the Swiss Federal Institute of Technol-
ogy in Zurich, and my own teams at Columbia 
University and Global Research Technologies in 

Machines could 
absorb carbon 
dioxide from the 
atmosphere,  
slowing or even 
reversing its rise 
and reducing 
global warming

By Klaus S. 
Lackner

Carbon out of the air
Washing

sad0610Lack3p.indd   66 4/19/10   7:03:50 PM

klaus lackner
ASU reacher



waste
waste is cleaned, stored and recycled 
non-potatble greywater is then 
distributed to campus.

energy
the project will achieve net-positive 
energy using passive design principals.

water
the project recycles and collects the 
water used in the building and site to 
achieve a net-positive water usage.

BIOME

wetlands
recycling water through 
bio-based methods.

clt
sequestering carbon through 
the use of mass timber.

biome
reducing energy use  
through purifying waste air.

sunshading
reducing energy use by 
lowering direct heat 
gain. carbon 

conversion
direct air carbon 
harvesting.

hydroponic 
reactors
water processing

water collection
rainwater is collected at roof-tops, 
treated to potable requirements.

TRIPLE NET ZERO
waste, energy, water



ASU’s new ISTB-7 connects ASU’s future 
University Athletic District to the Tempe 
Campus.

SITE
a campus gateway

stadium

downtown tempe

greek village

g street

site



ISTB-7 connects the future University 
Athletic District to Tempe Campus, Valley 
Metro Light Rail and Biosciences A-C.

SITE
campus connections
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glass|pv carboncapture terracottabaguettes clt
cross-laminated

timber 
clt

cross-laminated
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Terracotta, cross-laminated timber and 
carbon capture panels combine to shade 
and sequester carbon in a desert inspired 
palette of colors, textures and variegated 
natural light.

MATERIALITY
low embodied carbon and carbon 
harvesting



OFFICE

DRY LAB

WET LAB

AHU

LAB
EXHAUST

OSA EVAP'
COOL

160,000 CFM
(2 CFM/SF)

POSSIBLE HEAT RECOVERY VIA THERMAL
WHEELS OR RUN AROUND COILS

BIOME

TRANSFER AIR
(8,000 CFM)

6,300 CFM

2,000 CFM
TRANSFER

AIR

AHU

AHU

90,000 CFM

OSA
2,000 CFM

16,000 CFM
TRANSFER

AIR

OSA
16,000 CFM

RELIEF
10,000 CFM

76000 CFM
RETURN AIR

(option 2)

1,500 sf at 50
FPM

76000 CFM
TRANSFER

AIR (option 2)

Passive Design Strategies: 
1. Building Envelop Performance 
 - 70% Wall area / 30% Glass (South, West) 
 - 60% Wall area / 40% Glass (North, East) 
 - Thermal mass

2. Receptacle / Process Load reductions
(encourage laptops, thin client computers,
centralized printers)

3. Aggressive lighting power reductions with
task lighting

4. Phase change material: for interior lightweight
construction and load shifting in electrical rooms
combined with free cooling 

5. Natural ventilation in offices (needs
consideration against draft risk)

Active Design Strategies: 

1. Direct / indirect evaporative cooling

2. Heat recovery of exhaust air (run around coil
or thermal wheel)

3. Active internal shades to optimize day light
savings and glare control 

4. Minimize true wet lab configurations 

5. Heat pump for central chilled water and
heating hot water

FUME HOOD ALCOVE
6 TO 40 ACPH

WET LAB
(NO OR REDUCED

ACPH LIMITS)

FACADE
PERFORMANCE MORE
CRITICAL

WET LAB CONCEPT: FUME HOOD ALCOVE

SUMMER: 75 TO 120 F
WINTER: 55 TO 80 F

SUMMER: 85 TO 110 F (AVE.)
WINTER: 55 TO 65 F (AVE.)

TRANSFER
AIR ONLY

SUPPLY AIR

REHEAT
COIL (IN
EACH
SPACE)

HEAT 
PUMP

LOCALIZED
EVAPORATIVE

COOLING

GREEN WALL
FOR
CLEANING
AIR

(VAV OR
CHILLED
BEAMS)

(VAV OR
CHILLED
BEAMS)

ATRIUM TO RAISE ONE
LEVEL ABOVE
BUILDING

SUMMER: 75 TO 100 F
WINTER: 65 TO 80 F

RADIANT COOLED SLAB

SUMMER: 75 TO 80 F
WINTER: 65 TO 75 F

COOL OCCUPIED
ZONE

AIR BALANCE STUDY & ENERGY CONCEPTSEVALUATION
structural + mpe systems



existing 
canal

existing 
canal

ENERGY
strategies

solar 
collection
pv panels collect suns 
energy to generate 
electricity for building 
consumption.

sun shading: 
roof
roof overhangs shade 
building to reduce solar 
heat gain.

air filtration
exhaust air recirculated 
through biome to reduce 
outside air requirements.

natural 
ventilation
connective air flow 
in  biome enhances 
building ventilation.

clt structure
low embodied energy and 
carbon sequestration in 
mass timber construction.

hydroponic 
reactors
water processing

sun shading: 
facade
terracotta baguettes 
shade building from 
direct sunlight to reduce 
heat transfer.



ENERGY
strategies

OFFICE

DRY LAB

WET LAB

AHU

LAB
EXHAUST

OSA EVAP'
COOL

160,000 CFM
(2 CFM/SF)

POSSIBLE HEAT RECOVERY VIA THERMAL
WHEELS OR RUN AROUND COILS

BIOME

TRANSFER AIR
(8,000 CFM)

6,300 CFM

2,000 CFM
TRANSFER

AIR

AHU

AHU

90,000 CFM

OSA
2,000 CFM

16,000 CFM
TRANSFER

AIR

OSA
16,000 CFM

RELIEF
10,000 CFM

76000 CFM
RETURN AIR

(option 2)

1,500 sf at 50
FPM

76000 CFM
TRANSFER

AIR (option 2)

Passive Design Strategies: 
1. Building Envelop Performance 
 - 70% Wall area / 30% Glass (South, West) 
 - 60% Wall area / 40% Glass (North, East) 
 - Thermal mass

2. Receptacle / Process Load reductions
(encourage laptops, thin client computers,
centralized printers)

3. Aggressive lighting power reductions with
task lighting

4. Phase change material: for interior lightweight
construction and load shifting in electrical rooms
combined with free cooling 

5. Natural ventilation in offices (needs
consideration against draft risk)

Active Design Strategies: 

1. Direct / indirect evaporative cooling

2. Heat recovery of exhaust air (run around coil
or thermal wheel)

3. Active internal shades to optimize day light
savings and glare control 

4. Minimize true wet lab configurations 

5. Heat pump for central chilled water and
heating hot water

FUME HOOD ALCOVE
6 TO 40 ACPH

WET LAB
(NO OR REDUCED

ACPH LIMITS)

FACADE
PERFORMANCE MORE
CRITICAL

WET LAB CONCEPT: FUME HOOD ALCOVE

SUMMER: 75 TO 120 F
WINTER: 55 TO 80 F

SUMMER: 85 TO 110 F (AVE.)
WINTER: 55 TO 65 F (AVE.)

TRANSFER
AIR ONLY

SUPPLY AIR

REHEAT
COIL (IN
EACH
SPACE)

HEAT 
PUMP

LOCALIZED
EVAPORATIVE

COOLING

GREEN WALL
FOR
CLEANING
AIR

(VAV OR
CHILLED
BEAMS)

(VAV OR
CHILLED
BEAMS)

ATRIUM TO RAISE ONE
LEVEL ABOVE
BUILDING

SUMMER: 75 TO 100 F
WINTER: 65 TO 80 F

RADIANT COOLED SLAB

SUMMER: 75 TO 80 F
WINTER: 65 TO 75 F

COOL OCCUPIED
ZONE

AIR BALANCE STUDY & ENERGY CONCEPTS



Air Recycling / Biofiltration

Targeted EUI of
35 to Net Zero

Direct / Indirect
Evaporative Cooling

ENERGY
strategies



water 
collection
rainwater is collected 
at roof-tops, treated to 
potable requirements.

water 
reclamation
air-handler condensate 
is diverted to the 
bioswales.

water storage
reserve allows for 
variability in demand. 

efficient 
fixtures
dual-flush and low-flow 
plumbing fixtures.

water 
treatment
recycled water from 
building purple pipe 
system and asu’s 
district sewer system.

WATER
strategies

wetlands
provides water for food 
and gardens and riparian 
plantings.

existing 
canal

hydroponic 
reactors
water processing



WATER
strategies



targeted water reduction of
85% to Net Zero emory university - water hub

WATER
strategies



WASTE
strategies

hardscape 
paving stones 
sequester carbon 
through mineral 
carbonation.

wastewater 
treatment 
sewage/blackwater is treated 
on site and used in building 
and site greywater.

carbon 
conversion
direct air carbon capture 
facade panels remove carbon 
from air. chemically altered 
carbon is stored in tanks for 
material processing.

wetlands
aqueous plants in pools 
will process waste water 
and create nutrients for 
agriculture.

clt structure
mass timber sequesters 
carbon captured in trees.



WASTE
strategies



Direct Air Capture of Carbon

Klaus Lackner

Black Water Treatment
Regenerate Carbon 
for Soil Nutrients

Water Biofiltration

WASTE
strategies





greenline
bridging connection to the 
university athletic district.  
planted and shaded, it cuts 
directly through istb-7.

sun shading
terracotta baguettes 
change orientation and 
density to shade every 
facade appropriate to solar 
orientation.





biome
plants clean water through 
hydroponic reactors and 
clean air reducing outside 
air requirements.

carbon capture
direct harvesting of carbon 
dioxide.  conversion into durable 
forms and soil enrichment.

reciprocating wetlands
provides alternating anoxic and aerobic 
treatment.  treatment system appropriate to 
rural and developing countries.





solar 
photovoltaics
roof top pvs accomplish 
the net-zero energy goal 
through passive energy 
reduction design measures.

water treatment
final disinfection and ultraviolet 
light treament to remove micro-
organisms.  distribution of 
reclaimed water to campus





water 
collection
rainwater is collected 
at roof-tops, treated to 
potable requirements.

air filtration
exhaust air recirculated 
through biome to reduce 
outside air requirements.

robotics expo
demonstration and 
presentation area for the 
latest research .





canal
kirkland-mckinney ditch 
will surface in the biome 
as a structured canal, an 
educational feature to 
exhibit the historic use of 
water.

hydroponic 
reactor
water processing

farming
soil enriching carbon 
sequestration.





light rail
existing metro light rail 
cuts directly through istb-7 
allowing the public to see 
into the biome.

daylighting
reduces overhead lighting 
use by utilizing the natural 
ambient light present in the 
biome.

transparency
labs and research spaces 
are amply daylit and 
visually connected to the 
biome.





cross 
laminated 
timber
low embodied energy and 
carbon sequestration in mass 
timber construction.

indoor | outdoor
the biome shades, cleans air 
and water, providing a tempered 
transitional space between 
interior and exterior. event space

gathering for expositions 
and public lectures.





greenline
bridging connection 
to the university 
athletic district ‘g’ 
street.

bioswale
harvesting surface 
rainwater for landscape.

light rail
crosses the plaza 
and under istb-7 in a 
protected enclosure.





greenline
bridges across 
university drive, 
connecting univeristy 
athletic district to 
tempe campus.

labs,
maker spaces, 
meeting rooms and 
collaboration spaces 
face univerisity drive.

materiality
terra cotta and metal 
panels combine in a 
desert palette creating 
depth and contrast, 
shade and variagated 
texture.



ALTERNATE DESIGN
perforated metal skin



greenline
bridging connection to the 
university athletic district.  
planted and shaded, it cuts 
directly through istb-7.

sun shading
perforated metal 
change orientation and 
density to shade every 
facade appropriate to 
solar orientation.

ALTERNATE DESIGN
perforated metal skin
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connecting univeristy 
athletic district to 
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thank you


