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focused on being as energy efficient 
as possible within the developer 
budget, primarily through upgrading 
the envelope and greatly reducing 
the mechanical loads. The building 
is 100% daylit and 100% naturally 
ventilated. Roof-mounted photovoltaic 
and solar thermal systems were 
implemented to offset the predicted 
energy use.

The project had a target EUI 
lower than the code baseline of 
40 kBtu/ft2·yr, determined using 
EnergyPlus 7.2. Due to the build-
ing’s 50% occupancy, the year one 
data shows a measured EUI of 13.5 
kBtu/ft2·yr, which is still lower than 
the EUI recalculated by the energy 
model at 50% occupancy and 50% 
plug loads. This difference is likely 
due to the energy modeler’s underes-
timation of the concrete floor’s heat 
capacity (the ability to absorb heat) 
and the tenant’s attention to energy-
efficient use of the building.

The 435 Indio Way building has 
two rooftop packaged unit heat 
pumps providing heating and cool-
ing when needed. These units were 
significantly downsized due to the 
passive strategies applied to the 
building envelope. With careful 
attention to our calculations, we 
were able to comfortably get the sys-
tem to two 11 ton heat pump units. 
This enabled us to offset the total 
building energy use by using just the 
roof for PV, as well as leaving room 
for skylights, HVAC equipment, and 
solar thermal.

The natural ventilation system is 
fully automated, making it possible 
to turn off the rooftop units when the 
temperature outside is optimal. The 
automated operable windows and 
skylights also allow for a night flush 
sequence, pre-charging the thermal 
mass of the building on cooling 
days. This strategy coupled with 
the 5  5/8 in. of exterior polystyrene, 
dynamic glazing, and ceiling fans 

T he design team retrofitted 
the existing uninsulated 
office building at 435 Indio 
Way to be a net zero energy 

(NZE) building, creating a new and 
replicable model for profitable net 
zero retrofits. The building has nota-
bly also gone from Class C- to Class 
B+ in real estate terms and leased out 
in record time. The developer now 
has a savvy business case for future 
net zero retrofits.

The developer worked with design-
ers on the net zero design concepts 

for the building envelope and 
interiors and on all mechanical, 
electrical, and plumbing. The 
designers also did the daylighting 
modeling and the energy calcula-
tions to size the PV, and designed 
all the mechanical systems and 
wrote the sequencing as well as the 
building monitoring system.

Energy Efficiency
Designing a net zero office building 
requires aggressive, but realistic 
energy-efficiency goals. The project 
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A LOT OF 1970S-ERA OFFICE BUILDINGS are cold 
concrete boxes that seem to repel light. One of 
these buildings in Sunnyvale, Calif., was particularly 
dark, derelict, and impossible to rent. To make this 
building rentable, the developer became intrigued by 
the idea that a net zero energy renovation could be a 
sustainable and profitable option for this building. 
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allowed us to significantly reduce 
the overall building tonnage and 
system runtime.

When natural ventilation is insuf-
ficient for indoor cooling or unem-
ployed during the heating season, 
the rooftop packaged units will 
deliver ventilation based on CO2 
sensors through a dedicated outdoor 
air system. Thanks to the building’s 
well-insulated envelope, the dedi-
cated outdoor air rooftop packaged 
units are able to provide adequate 
space conditioning without extra air 
beyond the ventilation requirement.

The daylight design was maxi-
mized by implementing a custom 
skylight design that was carefully 
modeled to provide 100% of the day-
light requirements from overhead. 
Electrochromic glazing was used 
in place of the existing windows to 
lower the peak cooling demands on 
the HVAC system. The design firm 
has done multiple plug load stud-
ies on similar building types. We 
used this knowledge to help inform 
a realistic plug load allowance in 
our model. 

Because it was a spec building ren-
ovation, there was no way of knowing 
who would eventually occupy the 
building. Energy use from plug loads 
had to be estimated based on the 
design firm’s anecdotal knowledge. 
The developer created a perfor-
mance-based lease for future tenants 
with “carrot-and-stick” clauses for 
good energy-saving behavior.

In the first year, the PV generated 
164,000 kWh based on metered 
data, and the partially occupied 
building used 125,000 kWh, result-
ing in the building being 30% net 
positive. The PV generation is lower 
than the predicted 266,000 kWh/yr 
as it was found that one of the invert-
ers failed to report production data. 

After it is fully occupied, the 
building is expected to be 7 kBtu/
ft²·yr net positive with full PV 

CASE STUDY 435 INDIO WAY

TOP The renovation of 435 Indio 
Way successfully transformed 
a 1970s single-story concrete 
tilt-up building into a net zero 
energy office that leased in 
record time.

ABOVE Forty-three custom skylights 
designed by the design firm make 
the building 100% daylit.  

LEFT Many building details are 
made from repurposed materials.  
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BUILDING AT A GLANCE 

Name 435 Indio Way

Location 435 Indio Way, Sunnyvale, Calif.

Miles from nearest major city 10 miles west 
of San Jose, Calif.

Owner Huettig & Schromm Inc.

Principal Use Office 
 Includes Server Room

Employees/Occupants 70

Expected (Design) Occupancy 141

Percent Occupied 50%

Gross Square Footage 31,759

Distinctions/Awards 2017 ASHRAE 
Technology Award, First Place

Major Renovation 2014

Cost per Square Foot $161/ft2 

(Note: The cost per square foot reflects the 
total costs for the upgrade including struc-
tural, mechanical, lighting, envelope, interi-
ors, PV and soft costs.)

ENERGY AT A GLANCE 

Annual Energy Use Intensity (EUI) (Site)  
13.80 kBtu/ft²

Electricity (on-Site Solar or Wind Installation)  
13.80 kBtu/ft²

Annual On-Site Renewable Energy Exported  
4.24 kBtu/ft²

Annual Net Energy Use Intensity  
–4.24 kBtu/ft²

Annual Source (Primary) Energy  
–13.36 kBtu/ft²

Annual Energy Cost Index (ECI)  
$0/ft² (Net zero bill)

Savings vs. Standard 90.1-2007 Design 
Building More than 100% (net positive 
energy building)

Percentage of Power Represented by 
Renewable Energy Certificates 0%

Heating Degree Days (Base 65°F) 2,378

Cooling Degree Days (Base 65°F) 630

Annual Hours Occupied 2,500

WATER AT A GLANCE 

Annual Water Use We were not able to 
obtain water data from the owner.

KEY SUSTAINABLE FEATURES 

Water Conservation Low-flow fixtures

Recycled Materials Existing building reuse

Daylighting Customized skylights and day-
light controls on electric lighting

Carbon Reduction Strategies Existing build-
ing reuse, solar thermal for hot water, EV 
charging to promote electric vehicle use

Transportation Mitigation Strategies  
Carpooling as part of lease, provision of 
showers and bike lockers for cyclists, pro-
vide schedules of public transportation 
to occupants

Other Major Sustainable Features Net posi-
tive energy, optimized envelope allowed for 
better than 1,000 ft2/ton HVAC system size

BUILDING ENVELOPE 

Roof 
Type Wood-framed with new insulation
Overall R-value R-40 overall
Reflectivity 0.55

Walls 
Type Exposed concrete w/exterior continu-
ous insulation
Overall R-value R-20
Glazing Percentage 11%

Basement/Foundation 4 in. slab on grade
Slab Edge Insulation R-value No (existing 
condition)
Basement Wall Insulation R-value n/a
Basement Floor R-value n/a
Under-Slab Insulation R-value n/a

Windows 
Effective U-factor for Assembly U-0.4
Solar Heat Gain Coefficient (SHGC) Dynamic 
glazing, can turn down to 0.09 SHGC
Visual Transmittance Dynamic glazing, can 
be as clear as 58% VT

Location Sunnyvale, Calif.
Latitude 37.387 N, 122.033 W
Orientation Square, 15° off North

BUILDING TEAM 

Building Owner/Representative  
Huettig & Schromm Inc

Architect RMW Group 

General Contractor Hillhouse Construction

Mechanical Engineer  
ACCO Engineered Systems

Electrical Engineer Libra Electric

Energy Modeler Integral Group

Structural Engineer SEI

Landscape Architect  
Taniguchi Landscape Architecture 

Lighting Design Integral Group

Design Build Consultant Integral Group

The interior meeting spaces use low 
level louvers to allow air to pass through, 
enabling natural ventilation and a night-
flush strategy.

CASE STUDY 435 INDIO WAY
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generation. Besides PV panels, the 
building uses a solar thermal system 
with electric backup heating for its 
domestic hot water, leading to little 
to no energy consumption.

Indoor Air Quality 
And Thermal Comfort
Occupant comfort is a top prior-
ity in this building, and indoor air 
quality plays a major role. Operable 
windows allow natural ventila-
tion and enable occupant thermal 

comfort control. Naturally ventilated 
spaces are designed to comply with 
Section 5.1 of ASHRAE Standard 
62.1-2007. A 100% outdoor air ven-
tilation system provides fan-based 
ventilation on days when windows 
are closed. CO2 sensors are installed 
to modulate ventilation rates, reduc-
ing energy consumption while main-
taining indoor air quality. MERV 
13 filters on the air-handling units 
ensure that clean air, free of pol-
lutants and particulates, enters the 

CASE STUDY 435 INDIO WAY

CLOCKWISE FROM ABOVE The general 
contractor organized the ductwork, 
cable trays, and other exposed 
infrastructure in a visually pleasing way 
that avoided the need for drop ceilings. 

The original core and shell team 
assisted with the tenant improvement 
fitout to ensure that the MEP strategies 
would meet the strict energy goals.

Electrochromic windows eliminate glare 
and reduce heat gain while maintaining 
outdoor views.

Building occupants have access to 
a patio, bocce ball court and raised 
vegetable beds.

The employee break room features 
patio doors that create an indoor-
outdoor space. 
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building. In addition to providing 
increased filtration, we are providing 
30% more ventilation than required 
by Standard 62.1-2007. The airflow 
rates were calculated with a system 
ventilation efficiency of 1.0 for 100% 
outdoor air, and a zone air-distribu-
tion effectiveness of 1.0 for ceiling 
supply. Sensors for CO2 and VOC 
content in building air are installed 
to monitor indoor air quality.

Ceiling fans have also been 
installed, which help occupants con-
trol comfort levels. The use of ceiling 
fans in warmer seasons helps reduce 
the perceived temperature in occu-
pied areas. 

The building is designed to meet 
both the analytical and graphi-
cal methods of ASHRAE Standard 
55-2010. The passive building 
strategies meet the expanded ther-
mal comfort range in the analytical 
method by using increased air move-
ment and high mass radiant surfaces. 
Advanced insulation and dynamic 
glazing help prevent radiant asym-
metry to a high degree. 

The skylights are carefully 
designed to avoid creating glare and 
hot spots in the space. The tem-
peratures of the walls and floor are 
closely monitored to take full advan-
tage of night flush while maintaining 

CASE STUDY 435 INDIO WAY

Figure 1 2014–2015 ENERGY DATA

Note: The PV systems were shut down in August.
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Table 1 INTERIOR DESIGN CONDITIONS

Space Type Temperature Humidity Clo Assumed Mets Assumed

Open Office Summer: 76°F ±2

Winter: 70°F ±2

<0.012 HR Summer: 0.57

Winter: 1.07

Office Activity: 1.1

Lobby Summer: 76°F ±6

Winter: 70°F ±4

<0.012 HR Summer: 0.57

Winter: 1.0

Office Activity: 1.1

Conference 
Rooms

Summer: 74°F ±2

Winter: 70°F ±2

<0.012 HR Summer: 0.57

Winter: 1.0

Office Activity: 1.1

ABOVE Breakout rooms of different sizes 
allow for a flexible workspace.  

BELOW When daylighting is not sufficient, 
automatic controls turn on the efficient 
LED lighting system.
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indoor comfort quality. A full control 
sequence is implemented to optimize 
the passive system and make sure the 
active system is adequately engaged 
when necessary. The rooftop pack-
aged units meet the graphical method 
of Standard 55-2010. The overall 
approach allows for flexibility at the 
tenant level for any user require-
ments and allows for occupant com-
fort control if requested.

Innovation
The building was designed to be net 
positive with passive system. The 
walls were externally insulated to a 
value of R-20 and the roof to R-40. 
All of the existing windows and exte-
rior doors (except the north eleva-
tion) were replaced with dynamic 
glass, electrochromic glazing that 
tints automatically to reduce solar 
gain to as low as 3%.

 In addition, the design team works 
with the architect to minimize the 

infiltration load by well detailing 
openings into the building.

A unique skylight design was 
developed by the design firm. The 
intent was to minimize the opening 
areas on the roof for an effective pas-
sive system, as a good glass can only 
insulate to the level of R-5 when 
compared to a R-40 roof, especially 
applying to the heating season. The 
skylights face south and are tilted 
toward the sun with a pyramid shape 
to collect the maximum quantity of 
daylight with the smallest aperture. 
A diffusing film is applied on the 
internal side of the glass to reduce 
glare. This design using low-e glass 
maintains the integrity of the high 
performance envelope. 

The skylights are designed to pro-
vide 100% of necessary light to the 
space during daylight hours most of 
the year. To complement daylight 
variation, the indoor lighting design 
features individually dimmable LED 
fixtures in a task-ambient design that 
reduces fixture count and first cost.

The skylights are also operable 
as part of the natural ventilation 
scheme for the building, together 
with the operable vertical view 
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Figure 2 
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ABOVE The building uses the existing 
concrete walls as a thermal mass source. 
Exterior insulation was added to increase 
the impact of using this mass to maintain 
comfort conditions.

RIGHT The project team coordinated the 
lighting and fan layouts to prevent visual 
disturbances due to strobe effect.

The layout of south-facing skylights and 
roof-mounted PV system was optimized to 
balance daylight and energy production.
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swings of 40°F, the concept relies 
heavily on nighttime cooling of the 
thermal mass in the floor slab and 
existing tilt-up concrete walls, which 
were intentionally insulated on the 
exterior and left exposed on the 
interior. This strategy has greatly 
reduced cooling load and shifted 
peak closer to after hours. 

To further promote natural venti-
lation, ceiling fans were installed 
with varying speeds, maintaining a 
comfortable environment. Due to the 

passive architectural design strate-
gies, we were able to reduce the size 
and complexity of the HVAC systems 
for the building from a typical 350 
ft2/ton to over 1,200 ft2/ton.

For the passive system to work well 
as intended, the design-build team 
collaborates with a master system 
integrator hired by the developer 
on the overall controls. An omni-
controller was developed to function 
smoothly according to the defined 
sequence of operations for all the 
system components (sensors, window 
and skylight actuators, room fans, 
etc.) as well as the standard HVAC 
system controls. The windows and 
skylights are both equipped with 
actuators that can respond to signals 
for a range of operation.

To further reduce energy consump-
tion, circuit metering was installed to 
provide feedback on a tenant’s plug 
load use. It turns out that the moni-
toring provided an alert to the tenant 
that a batch of equipment is using 
excessive amounts of energy com-
pared to energy-efficient alternatives. 
The tenant realized that replacement 
of their old equipment, which was 
driving the high energy consumption, 
would be a cost-effective action and 
developed a plan to do so.

glasses around the building. Cross-
ventilation and stack effect were 
both fully used to maximize the 
effect of natural ventilation. The 
design includes motorized operators 
on all of the windows and skylights. 
These are controlled with the BMS 
based on external and internal tem-
peratures. In a climate with diurnal 

Figure 3 VENTILATION

ABOVE The 32,000 square foot space is 
100% daylit and 100% naturally ventilated. 

RIGHT The back of house spaces were 
laid out to allow for future tenant 
flexibility.

This infographic shows the key strategies in the project: insulating envelope, 
dynamic glass, operable windows and skylights, high thermal mass, ceiling fans, 
and daylight.

CASE STUDY 435 INDIO WAY
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Operation and Maintenance
If the design of an energy-efficient 
building is done correctly, it often 
leads to a simple system to operate 
and maintain. In this case, off the 
shelf high efficient rooftop pack-
aged units were used that are eas-
ily serviced and cost effective. The 
enhanced controls reduce the run-
time on the equipment, reducing the 
maintenance costs. 

The BMS tracks the mechanical 
and electrical systems, as well as 
the operation energy used within the 
building. An ongoing monitoring-
based commissioning contract was 
put into place which categorizes 
energy distribution in the building, 
and trend analysis allows problems 
with the systems to be identified. 
This has allowed for further reduc-
tions in energy usage as well as data 
to help inform our future modeling 
and design. The data has also been 
used in several case studies.

Cost Effectiveness
The net zero approach is assessed 
to be more profitable than a code 
minimum approach, making a strong 
business case for the developer. 
Though the construction cost includ-
ing the PV system is $50/ft2 more 
than a code minimum building, due 
to utility and government rebates 
and earlier lease-up, the additional 
construction cost drops to $27/ft2. 
The appeal to tenants of occupying a 
NZE building with higher indoor air 
quality greatly reduces the lease-up 
time to three months compared to 18 
months of similar buildings.

The operating and maintenance 
cost is less because of the building’s 
simple and low-energy consuming 
systems. The reserve requirement is 
also lower, providing additional sav-
ings, because of the smaller HVAC 
system and the lower cost for tenant 
improvements upon turnover. The 
sustainability aspects of the building 

result in a higher rental income 
and a lower churn rate than market 
comparables, providing extra boost 
to cash flow. All of the above have 
contributed to a $239,654 increase 
in rental income. The difference 
between the NZE building and a 
code minimum building in net cash 
flow after debt service is $3.87/
ft2. The additional construction 
cost is expected to pay back within 
seven years.

The higher profitability has been 
confirmed by the experience of the 
first year of operation. The project 
has been such a success that the 
designers and the Indio team have 
implemented this strategy on two 
more buildings, with a fourth in 
design. The developer has branded 
the concept and expects to do many 
more of these important projects.

Environmental Impact
The 435 Indio Way office building 
positively impact the environment 
in several ways. Low-flow fixtures 
and dual flush toilets reduced water 
consumption by 40% over a code 
office building's. A carbon study was 
performed to quantify the building's 
carbon impacts over an assumed 
20-year life-span, including both 
construction and operation aspects. 
Since the project is a retrofit, it has a 
lower construction carbon footprint, 

less energy was required for decon-
struction, and the majority of the 
structure was reused from the exist-
ing building. 

The building further impacts the 
environment in a positive way through 
all-electric systems that are 100% 
offset with rooftop PV panels, and 
water heated by a solar thermal sys-
tem. With the PV systems, it achieves 
a net positive rate of 8 tons/yr. •
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TOP In spite of all the exposed structure, 
the architecture team was able to create a 
space that is warm and inviting.

ABOVE Motorized operators on windows 
and fans, controlled by a BMS based on 
internal and external air temperatures, 
contribute to maximum occupant comfort. 

CASE STUDY 435 INDIO WAY





HPB.hotims.com/65146-10


