











solar design strategies: “In SOLTAG we focused on
optimizing passive solar and active systems, including
strategies such as the building and window orientation,
passive solar heating, daylighting, reducing cooling, and
external shading. We reduce energy consumption by design.
The energy that is needed can be from passive design for
heat and light and active systems for electricity and hot
water.”” The quality of light in space was of primary
importance and key to successfully realizing the combined
lighting, heating, cooling, and health goals. In addition to
energy performance, it was equally important to foster a
sense of health and well-being that connects the occupants
to the rhythms and cycles of nature. As Velux Danmark
explains: “SOLTAG is an energy optimized home that lives,
breathes and produces quality of life for people. A healthy
organism to call home. The house is self-sufficient in terms
of energy for heating, and creates CO2-neutral heating
through solar energy. The home interacts with nature’s
upper air strata via strategically positioned windows, solar
panels, solar cells and air ducts. Sun, daylight, and fresh air
are brought into the home and transformed into electricity,
heat, natural lighting and ventilation.”® Zero-energy and
carbon-neutral goals are successfully coupled with the
highest standards for indoor climate, health, and well-being.

Figure 12: Floor plan

3.2 Integrated Daylighting and Solar Design

As the name suggests, SOLTAG, or “sun-roof,” uses the
multi-layered south-facing roof surface to gather sun and air
while also integrating the active systems for heating and
electric energy generation. The home includes two
rectangular prefabricated modules with living spaces,

copyright 2010, American Solar Energy Society

kitchen, and loft in the west module and a bedroom and bath
in the east. Daylighting creates a sense of openness and
spaciousness in the modest 84 m2 [904 ft2] home. As Velux
Danmark explains: “In SOLTAG, high-level roof windows
are installed to let in as much daylight as possible. A sloping
surface lets in twice as much light as a vertical frontage — so
the sloping roof areas are ideal sources of light. The roof
windows reach right up to the ridge — like bands of light
sending daylight down through the house. The roof
windows, which run along the inner end walls, send
reflections down across the walls which in turn act as one
large reflector in the room. The light is passed and reflected
out into the room and in under the open loft space, down to
the kitchen and dining area, erasing any shadows from the
loft space above.”®

Figure 13: Exterior of west and south facades

Figure 14: Section looking east

The amount of glazing used for sidelighting and toplighting
is equivalent to 28% of the floor area. The loft is set back
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from the south facade to avoid blocking daylight and air,
while light colored surfaces throughout the home optimize
daylight reflection. Skylights include automated blinds that
control solar gains during the overheated period of the year
and a simple retractable awning covers the southern
balcony. Kurt Emil Eriksen and Per Arnold Andersen from
Velux emphasized that the team paid great attention to the
quality and seasonal control of daylight in the house: “The
daylight is amazing. The reason is that instead of a flat
ceiling, we sloped the roof. The room feels larger than it is.
All windows are positioned to optimize daylight and view.
This makes a difference in how people feel in the house.”
Daylighting studies of the living spaces revealed an average
daylight factor of 12.7% in the living space, 8.7% in the
bedroom, and 9.7% in the bathroom.*® Luminance studies
were also used to evaluate potential problems with glare and
excessive contrast and to optimize the quantity and quality
of daylight on diurnal and seasonal bases.

Figure 15: Daylight factors in plan

The SOLTAG design team approached daylighting as a
series of dynamic forces that change with the seasons. As
Per Arnold Andersen explains: “A window is not just a
window. It has to perform in winter, summer, and during the
night and day. The role of the windows is to control
parameters and not compromise daylight quality. We used
dynamic solutions.” With solid walls on the east and west
(which form party walls in the multi-unit configuration), the
steeply pitched roof and vertical south and north facades
contain all of the windows and skylights and present distinct
luminous and thermal design opportunities. The vertical
slices of operable skylights and windows on the south
provide daylighting, natural ventilation, passive solar gains,
and site views. The north-facing windows and skylights
balance daylight throughout the space and provide
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supplemental views to the north over the site. Automated
shades are integrated into the window envelopes to control
heat and light. Velux Danmark summarizes the window
placement concept: “The largest window areas in the home
face south. These south-facing roof windows are standard
products that provide maximum access for sunlight. They
provide heat as well as light. The low-energy windows used
let energy into the home, but also limit heat loss. Facing
north, the passive heat from the sun is limited, so the roof
windows are designed to bring light in and retain energy.
The north-facing roof windows in the ridge are super low-
energy windows — passive house windows with minimum
heat loss.™*

3.3 Innovative Systems

The daylighting strategies and details at SOLTAG were
integrated with other systems, which include a heat pump,
ventilation unit, hot water tank, solar thermal panels (to heat
water for under-floor heating and domestic hot water), and a
double roof with skylights and solar cells. The roof is
particularly important in meeting the comfort and energy
needs of the house; it supports systems for lighting, heating,
ventilation, hot water heating, and electricity. The double-
layer roof comprises a zinc surface with alternating
skylights and photovoltaic cells, an airspace, and the interior
roof structure. Skylights were carefully positioned to meet
the illuminance requirements in the space below while
optimizing airflow through the double roof. The airspace is
used to preheat air for the heat pump, which produces
domestic hot water, floor, and air heating. Airflow beneath
the photovoltaic cells also helps cool the cells to optimize
performance. Amorphous thin-film photovoltaic solar cells
covering an area of 17.5 m2 (188 ft2) produce an annual
net-zero energy consumption for heating and hot water of 0
kWh/m2/yr (0 kBtu/sq ft/yr). The house uses 60 kwWh/m2
(18.8 kBtu/sq ft/yr) for heating and hot water when
photovoltaic cells are not used. A solar thermal system (2
m2; 21.5 ft2) heats domestic hot water. As Velux explains,
the daylighting, photovoltaic, heating, and renewable energy
system designs have to be carefully integrated: “SOLTAG is
devised as a home that runs itself and is independent of
external heating systems. The independent heating
production and maintenance are achieved by harnessing
solar energy, which is generated by the windows’ natural
propensity to heat up, and by the solar panels that produce
domestic hot water and under-floor heating. Solar cells
produce the electricity to operate the pumps and
ventilators.” A compact, built-in heat-recovery ventilation
unit and a mechanical ventilator transfer the heat from the
‘spent’, heated air to new fresh air taken from outside.
Ninety percent of the heat recycles.” *?

The building envelope is described as a “solid climate
screen,” using air-tight construction, 350 mm (14”)
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insulation in the walls, and 400 mm (16™) in the roof. An
automated solar control system helps keep the house cool in
the summer and eliminates the need for air conditioning.
The system uses io-homecontrol®, which operates
windows, lights, and other components manually, by remote
control, or as pre-programmed functions. Airflow and light
are regulated by indoor Venetian blinds and ventilation is
enhanced by the exchange of air through skylights. Roller
shutters on the exterior can also be operated by the control
system. The design and integration of the energy systems at
SOLTAG demonstrate a simple, straightforward, and off-
the-shelf solution to zero-energy and carbon-neutral heating
for a northern temperate climate. Daylighting is carefully
considered within the context of passive and active energy
systems integration, with attention given to strategies that
simultaneously support the integration of luminous, thermal,
ventilation, and renewable energy goals.

4. CONCLUSIONS

The Lighthouse and SOTAG Energy Housing illustrate the
importance of integrating daylighting with solar strategies
and systems to elevate both the performance and aesthetics
of zero-energy carbon-neutral design. The full integration of
daylighting into the solar and systems designs can inform
and inspire the next generation of sustainable housing.
Emerging zero-energy carbon-neutral daylighting strategies
from the Lighthouse and SOLTAG include the following:

a. Take a multi-functional approach: To foster carbon-
neutrality, the daylight design must provide more than
high quality illumination. In the Lighthouse and
SOLTAG, we find “multi-functional” approaches to
daylighting that consider how natural light can support
diverse performance, ecological, and aesthetic design
goals. The daylighting designs integrate complex sets of
considerations ranging from programmatic concerns to
climatic response, energy, technology and systems
integration, comfort, health and well-being, and
aesthetic concerns..

b. Integrate daylighting, thermal, and energy goals: In the
Lighthouse and SOLTAG, the windows are designed to
provide more than illumination. The sections, apertures,
and envelope detailing are skillfully oriented, sized, and
detailed to meet both luminous and thermal criteria for
lighting, solar control, heating, and/or ventilation based
on climate and program. With the active solar approach
of the Lighthouse, the daylighting design was severely
limited by code requirements for the envelope and
allowable window area. Each window was precious and
needed to be carefully positioned to optimize and
integrate luminous criteria with issues of solar control
and natural ventilation. At SOLTAG, the passive solar
design, natural ventilation, and mechanical systems in
the south roof needed to be carefully choreographed
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with the vertical windows and the skylights. We find in
both projects that daylighting, thermal, and energy
goals are inseparably linked.

Work with direct sunlight: In a carbon-neutral approach
to daylighting, particularly in cold or temperate
climates during the heating season, designers may need
to reconcile potential programmatic conflicts between
the desires for luminous control and passive solar gains.
This is addressed in SOLTAG, where daylighting is
carefully integrated with both passive and active solar
systems. Both prototype houses admit or control direct
sunlight seasonally to address thermal issues while also
celebrating the poetics of light. Passive heating and
cooling integration may lead to different solutions than
would be sought if illumination were the only
daylighting priority. With programs and activities that
typically require control of light levels and glare, there
will be a need for creative solutions that balance the
desire for direct solar gain and the mediation of
sunlight. A variety of simple strategies can support the
integration of daylighting and passive solar design,
including fresh approaches to luminous and thermal
zoning, spatial planning, controlling direct sunlight at
the location of the task, dynamic shading, innovative
glazing systems, as well as engaging occupant
participation to foster more resource-effective
behaviors..

Develop dynamic daylighting: To move toward carbon-
neutrality, designers must consider how to work more
effectively with the dynamic qualities, quantities, and
characters of daylight and its relationship to thermal
design. Rather than targeting a static daylighting design
criteria for all times of the year, the Lighthouse and
SOLTAG demonstrate how daylighting designs can
address changing luminous and thermal conditions on a
seasonal and diurnal basis. A matrix of luminous and
thermal design considerations can be used to guide
daylighting decisions at different scales and across
varied programs. Foremost is the importance of
explicitly considering diurnal and seasonal flux: What
luminous and thermal qualities are desired at different
times of day and for differing seasons? How much light
is needed at which times of the day and during which
seasons? Can the daylighting design be used to provide
variability and occupant control? What methods of
interior and exterior solar control can be integrated with
the daylighting design to enable occupants to tune their
luminous and thermal comfort to the particular season
and time of day?

Use layered envelopes: In addition to the building form,
section, and spatial configuration, the design of the
building envelope is critical in reducing the carbon
emissions. The Lighthouse and SOLTAG use the
building envelope to most directly foster a “dynamic”
or diurnally and seasonally-responsive approach to the
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luminous and thermal design. The envelope not only
provides comfort and protection, it also shapes the
character of the living spaces to inform the occupants’
direct experience and aesthetic of the design.
Adjustable interior and exterior layers allow a
responsive building envelope to be tuned to provide
specific levels and qualities of daylighting, solar
heating, shading, ventilation, views, and connections to
site. Regardless of the approach, manual or automated,
low-tech or high, a “dynamic approach” to design
criteria for daylighting, passive integration, and the
building envelope is essential to reducing energy and
carbon emissions.

f. Deepen Systems Integration: At the Lighthouse and
SOLTAG, it is evident that daylighting is fully
integrated with passive and active design strategies,
innovative mechanical and electrical systems, new
envelope technologies, and renewable energy. In both
houses, we see that integration enables the design to
reach ever greater reductions in carbon emissions and
energy consumption. A deeply systemic approach may
even move design beyond carbon-neutrality and net-
zero energy targets to create regenerative architecture
that actually produces rather than consumes energy.
Designers will find seemingly unlimited formal,
stylistic, and expressive design opportunities through a
hybrid approach to integrated daylighting and solar
design. The need for sophisticated systems integration
challenges design teams to collaborate across areas of
design expertise and to investigate methods of design
assessment and analysis more rigorously.

g. Create beauty: The poetics of light is perhaps the
primary reason that architects throughout history have
been fascinated with daylighting design. With carbon-
neutral design, we should look even more closely at the
relationship between poetic and pragmatic design
criteria to consider not only how to foster deeper
ecological design performance, but also how to
celebrate the beauty of natural light. In the Lighthouse
and SOLTAG, we find that the integration of poetic and
pragmatic considerations is a distinguishing feature of
these innovative and elegant design approaches to zero
energy and carbon-neutral architecture; revealing that it
is possible to respond to urgent ecological challenges
while also fostering design excellence. While the
aesthetic expression of carbon-neutral daylighting is yet
emerging, the Lighthouse and SOLTAG suggest that
the design potential of zero-energy carbon-neutral
architecture is limited only by the designer’s
imagination.

It is not enough to achieve zero-energy and carbon-neutral
targets without taking into account aesthetic and qualitative
design intentions. High quality housing must also address
broader human and design considerations. The importance of
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good design should not be underestimated, as Architect
Lawrence Scarpa of Pugh+Scarpa Architects emphasized in an
interview on the role of solar in the next generation of
sustainable design: “An energy hog is better than an energy
efficient building that no one loves. Don’t worry about
‘sustainable design,” focus on design.”** If people are to care
for their buildings, then aesthetics, beauty, human experience,
health, and well-being are just as important as are a building’s
ecological footprint, energy profile, greenhouse gas emissions,
and carbon reductions. A more thoughtful and thorough
integration of daylighting and solar design strategies and
systems is essential in reaching ever high performance
standards while bridging the pragmatic and the poetic
opportunities of zero-energy carbon-neutral architecture.
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