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USE OF AN ATRIUM FOR THE PASSIVE SOLAR RETROFIT
OF AN OFFICE BUILDING: OESIGN AND INSTALLATION EXPERIENCE

B. 0. Hunn J. L. Peterson
Los Alamos National !.aboratory
Solar Energy Group
Los Alamos, New Mexico 87545

- ABSTRACT

A clerestory window system has been installed over a courtyard in an existing two-story office building/
museum at the Los Alamos National Laboratory, thus creating an atrium, This atrjum serves as a passive
solar heating and daylighting system for the building and provides new display space for the museum,

The retrofit consists of a roof-mounted clerestury window system with night insulating shutters which:
forms an atrium that provides new museum space, buffers the former courtyard walls and windows, preheats
ventilation air for the entire building, and provides daylighting and heating for the new museum space.
The passive system is coupled to the heat'ng, ventilating, and air-conditioning (HVAC} system of the
surrounding buildirg b, inducing fresh-air makeup through the solar-tempered atrium; heating, cooling, and
daylighting are addressed in the design,

This paper describes the design process, the use of the DOE-2 building energy analysis compute: program
during design, and the construction of the atrium,

INTROOUCTION

As part of the Solar-Federal Buildings Program sponsored by the US Department of Energy, the Los Alamos
National Laboratory has installed a clerestory window system over a courtyard in an existing two-story
office building/museum, thus creating an atrium. Construction of this atrgum. which serves as a passive
solar heating and daylighting system for the building and provides 3600 ft of new display space for the
museum, was completed in July 1982,

This project, the retrofit of Building SM-200 at Los Alamos, is located on . high mountain plateau (7000
ft elevation) in northern New Mexico. The site has abundant sunshine and a cool climate of over 6300 annual
heating ‘F-days; for office bugldings at this location, heating and lighting are the dominant energy uses.
Building SM-200 is a 26,000 ft¢ office building/museum of masonry construction that originally surrounded
a 60 ft by 60 ft open courtyard. The building walls adjacent to the courtyard were uninsuviated and con-
tained considerabla glass area., The building contains offices on both the first and second floors, a museum
space with a lecture room, a conference room, a cryptography room, and restroom fazilities.

The retrofit consists of a roof-mounted clerestory window system with night insulating shutters that
serves several purposes: forms an atrium that provides new museum space, buffers the former courtyard
walls and windows, preheats ventilation air for the entire building, and provides daylighting and heating
for the new museum space. The retrovit integrates the operation of the passive system with the existing
heating, ventilating, a.d air-conditioning (HVAC) system in the surrounding building; heating, cooling, and
daylighting of the space are addressed in the design. The passive system {s coupled to the HVAC system of
the surrounding buildirg by inducing fresh-air makeup through the solar-tempered atrium.

This pape- describes the design process, which fnvolved an ar:“‘tect/engineer firm with guidance and
analysis of the soler aspects provided by Los Alamos National Labor ry staff. Construction of the atrium
and the use of the DOE-2 building energy analysis computer program (#ef. 1) during design will also be
described.

DEVELOPMENT OF CONCEPTUAL DESIGN

Predesign Energy Analysis-ldentification of the Energy Problem

A ccmprehensive energy study of the existing building was conducted using the DOE-2.1 program and an
hourly Los Alam, - weather tape for 1978, The details of this study are presented in Ref. 2. This study
revealed a significant potentia) for energy conservation through reduction of outride air makeup and control
modifications to the HVAC system, Whereas outside air makeup reduction has been implemented in the building,
the cortrol modifications are not expected to be made, Thus, the study showed that the major energy prob-
lems to be addressed in the existing building were space heating (by far dominant) and lighting (Ref. 2);
space cooling and domestic hot water loads were very smal] and therefore are not involved in the passive
solar retrofit. Because daylighting was alceady applied in the existing building architecture, the passive
solar retrofit did not seek to reduce artificial lighting in the existing building. Consequently, the
design involved unly space heating in the existing building and concerned lighting, heating, and cooling
(in that order) in the atrfum,



Alternative Conceptual Designs

Severa) generic passive solar heating designs, such as Trombe walls and water walls, were considered and
dismissed because they are inappropriate to the energy-use pattern of the building., Because the building is
occupied only during daytime hours, the design should provide heat during those hours rather than delay its
release to the building until night, when it is unoccupied.

Direct gain options were rejected by the building occupants as causing too much glare. Sun screene or
drapes are already installed on all of the south- and west-facing windows of the building. Consequently,
smill-mass indirect or isolated gain systems remained as the logical passive solar alternatives. The
existing interfor courtyard provided an attractive opportunity in this regard.

Thus, 1t was proposed that a roof-mounted system of clerestory windows be constructed to enclose the
courtyard and provide indirect solar gain to the building. Solar energy transmitted through single-glazed
clerestory windows would reach the conditioned spaces by conduction through the uninsulated courtyard walls
and windows. Additionally, enclosing the courtyard to form an atrium would thermally buffer the adjoining
conditioned spaces from the exterior .ambient environment and would make the courtyard usable throughout the
year. Figure 1 shows a schematic of the proposed design.
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Fig. 1. Schenatic cross-section of the atrium.

Because commercial buildings often are ventilation- rather than manvelope-dominated, a modified design
was proposed wherein the passive solar energy system .ould be coupled with the central HVAC air-handliny
equipmeni. This approach allows the preheating of building ventilation air by inducing all fresh-air makcup
to the HVAC equipment through the solar-tempered atrium; this concept is shown in Fig, 2.

DESIGN DE VELOPMENT

Simulation Studies

The schematic design depicted in Figs, 1 and ? was selected for detailed development, and a series of
computer simulations was made using OGE-Z.1 to select the design values of system parameters. Simulatifons
were first conductcd to optimize the orientation and tilt of the clerestory glarings. Beccause heating was
by far the dominant energy term, optimization wa: based on mintmizing the combined annual hesting require-
ments of the 2xisting building and the propojed airium, The resylts of these simlations, discusved in
Ref. 2, showed that 2 glazing azimuth of 170" and & glaring tilt angle of 55 from tne horizontal were
optima) (see Fi ._3). However, the sensitivity of heating energy to both orfentation and tilt was low,
variations of * in either case are not important in terms of heating energy use for the whole building.
Based on these resylts, a clerestory window system orientcd 10" east of du. south (azimuth « 170°) and
tilted 55 from the ho-Vzontal was selected.
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Fig. 2. Schematic of the winter operating mode showing the passive solar/HVAC system integration,

Additional DOE-2.] simulations were run to Jdetermine the effect of coupling the atrium with the HVAC
system by ducting return air from the museum/lecture rooms and the conference raom to the atrium, thus
using the atrium as a plenum to mix outside (makeup) and return air. We also andlyzed an altesnative that
assumed that all of the return and outside air was diverted directly to the air-handling unit. The results
of the analysis (Ref. 2) showed no significart advantage in coupling the atrium to the HVAC system as
described above. These results sugyested a more nromising coupling, the one actually implemented, where

the makeup air s Induced through the atrium (usiag it as a preheater) but whe.e the return air is ducted
directlv to the air-handling unit.

The most significant advantage of exhausting the ventilation air through the atrium is the maintenance
of acceptable comfort conditions in the atrium diring the summer months. The high flow rate of ventilation

air through the atrium during the summer keeps the atrium near the outside ambient temperature and provides

the air flow quantities required for ventilative anc evaporative cooling of conditioned spaces within the
building.

Finally, the simulations showed (Ref. ?) that as the glazing area is incveased, there i3 a steady
dec)ine in the building heating energy requirement. Houever2 it was determined thet a marimum glazing ares

of 1600 ft° was all that could be In:ta)led over the 3600 ft courtyard witnout significant shading of
the aperture in midwinter.
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Fig. 3. Glazing orientation and tilt angle optimization.

Design 1ssues

The schematic design described above (Figs. 1 and 2) was refined to working drawings by the architect/
engineer (A/E) firm of Gordon Herkenhoff and Associates, Albuquerque, New Mexico. During decign
development, several issues had to be resolved within the constraint of a fixed (and 1imited) budget.

First, the cross-sectional shape of the clerestory windows had toc be determined. Two approaches were
proposed by the A/E: a sloped-back design and a vertical-back design (see Fig. 4). Both approaches met
the criterion that no greater than 10% of the aperture be shaded at noon on December 21, and bnth incorpor-
ated a 55° glazing ti1t angle determined to be optimal fo- space heating. Whereas tl.e vertical-back design
offered greater structural simplicity, allowed for a simpler design for the moveable insulating shutter
(with less ares to cover), and was estimated by the A/E to cost less than the cloped-back design, it had
the disadvantage of greater reflective losses from the back (or north) clerestory member.

Homwever, the key to the decision on this ma.ter rested with the daylighting and architectura’ consider-
ations. The sloped-back design admitted more direct sunlight into the spa~e and would cause severe glare
problems without an extensive (and expensive) system of baffles. Furthermore, the sluped-back design
produced an atrium ceiling that would be imposing to visitors viewing the ceiling and the museum di-plays;
a less-impos ing, softer architectural feel to the ceiling was desired for the corsiderable number of
visitors expected for the museun. Tuo test the daylighting and aesthetic aspects of the two designs, &
scale mode! of the atrium was built., This model incorporated interchangeable clear and diffuse glazings so
that thelr effect on the daylighting could be assessed. The model was viewed outside under clear, ¢loudy,
and partiy cloudy conditions, While no light level readings were taken in the model, we concluded tha* the
vertical-back design provided high quality daylighting as well as a softer fee) to the ceiling., It was
also concluded that the diffusiny yglazing provided more even lighting without high contrast bright/shadow
sreas. _Therefore, the vertical-back design with diffusing glazing was selected with a net aperture area of
1520 1t The meta) acoustical ceiling deck and all metal surfaces in the clersstory sre painted white
for an even solar ieflection and daylighting effect.

A rendering of the final clerestory design is shown in Fig. 5. Note the detail of the moveable
fnsulating shutters. They are hinged at the bottom on the vertical-back member and are stowed in the
vertical position. They close by rotating to s near-horizontal position, resting on a stop just below the
south glaziny. The shutters consist of 2-1/2 in, of minera) wool insulation enciosed in a 22-qage sheet
metal casing, resulting in a R-5 overal) insulsting value. The 10-ft long sections are actuated by cables
driven by motors controlled by a time clock,

The clereitory window and roof system 1s made of tubular trusses that span the full 60 ft in both
directions anc are pitched to roof drains on the existing huilding. The opaque portions of the roof are
insulated to R-30,
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Fig. 5. Rendering of the final design for the atrium,



Operating Modes

During the daytime, the insulating shutters are open. 1In the winter (Fig. 2), solar energy enters the
clerestory windows and heats the walls, the floor, and the air in the atrium. The warm air stratifies in
and just below the clerestories. When the building is occupied, the air-handling unit blowers are on and
outside air is drawn into the east end of the clerestory Lhrough motor-cperated dampers. This outside air
is heated as it travels the length of the clerestory and is drawn through ducts located at the west end of
the clerestories; this air is then drawn into the air-handling unit for the museum where heating coils
boost the air temperature, as needed. The air is then discharged into the museum, heats this space, and
finally is exhausted by the exhaust fans on the roof of the existing building. The HVAC system for the
cryptography and conference rooms operate independently.

In the summer, the blower speed is tripled over that for the winter., In this case, outside air is
drawn directly into the air-handling unit for the museum, The museum supply air is evaporatively cooled,
as necessary, and is discharged into the museum. A fraction of the museum supply air is exhausted from
exhaust fans on the roof of the existing building; the remairing fraction returns to the atrium through
Touvers above the doorways between the museum and the atrium and is exhausted through the dampers 2t the
east end of the clerestories. The high air flow through the atrium, coupled with the discharge cf
evaporatively cooled air from the museum through the atrium, maintains comfortable conditions in the atrium.

Cost Analysis
A cost breakdown for this project is shown below.

Design § 244K

Construction 182,3k

Contract

Contingency 17.7%
Expended

Total Project Cost $224. 4K

For purposes Qf comparison with other projects, the total constuction cost was 8200.05. In terms of the
added 3600 ft° museum space that was created by the project, this amounts to $55.6/ft¢ of space provided,
This compares very favorably with typicel construction costs for office space at the Laboratory that are
approximately 885 ft¢, As a passive solar retrofit, the normalized construction cost is $131/ft¢ of aper-
ture. This j1lustrates the considerable expense ¢f a retrofit of this type. Note that this includes the
cost of a temporary security fence required for construction and modifications to the existing building
required to integrate with the passive solar system.

PROBLEMS ENCOUNTERED

The major problem encounterad on this project was the decision between the sloped-back and the
vertical-back clerestory designs. This had to be resolved early in the A/E design process. The crude,
quickly built scale model used to test the daylighting and architectural appearance of the roof system
proved to be a mist valuable tool. If quantitative daylighting data werc required, greater care in
constructing the model would have been necessary.

A second problem was the details of the insuiating shutter design. The original approsch using
horizontal sliding garage doors that moved on tracks was abandoned because of their appearance and
potential maintenance problems. The rotating panel arrangement in th final design proposed late in the
design and required considerable redrawing. However, the better appearance and simpler operation of tuis
approach were well worth the ~edesign effort required.

During construction, the major problem encountered was &n undersizing of the insulating panels that
necessitated changes in the panel closures. This undersizing occurred because the dimensions ¢n the shap
drawings were not carefully checked for consistency with the construction drawings. This situstion was
~elated to the general problem of shop drawing reviews we encountered. Because the shop drawings were not
reviewed in a timely manner by the owner, construction delays resulted. Other problems, standard to any
design and construction project, were certainly encountered but will not be difcussed here.

CONCLUSIONS
The design and construction of this passive solar retrofit has resulted in the following conclusions,
1. This passive solar retrofit has provided 3600 ft? of new museum space whose heating and lighting
(excluding museum exhihit task lighting) are ent'rely supplied by passive solar means. In addition, a

sifght decrecse (5-10%) in the healing energy use of the existing office building/museum is expected
because of the passive solar retrofit,



To avoid many problems, the A/E selectes for a passive solar comrmercial building design should be
experienced and knowledgeable in passive soular design, especially in the dasign details.

DOE-2 was an effective design tool during the conceptual design of this project.
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