





The calculation of beam solar radiation which passes through
the sunspace into adjacent rooms is done by using the DOE-2 shadow
routines to projeet the hourly-varying solar image of each exterior
window onto the different interior surfaces in the sunspace. In this
caleulation external obstructions {such as overhangs and neighboring
buildings) and internal obstructions are accounted for. Diffuse solar
radiation incident on the interior surfaces of the sunspace is also cal-
culated. This radiation, which is assumed to be uniformly distributed
throughout the sunspace, originates by transmission through the exte-
rior windows or by internal reflection of beam radiation.

The user can specify any of several different forms of convection
between the sunspace and adjacent rooms. These include fan-forced
or buoyancy-driven air circulation between upper and lower vents,
free convection through a2 doorway opening, and for residential appli-
cations, use of a sunspace to preheat outside ventilation air. For com-
mercial applications, the program allows return air from adjacent
spaces t0 be passed into the sunspace, where, after mixing with the
sunspace air, it is either exhausted or transferred back to the central
air handling system.

The program makes available several mechanisms for control-

ling heat gain and loss from the sunspace and heat exchange with
adjacent rooms:

(1) Air Alow hetween sunspace and adjacent rooms can be turned on
and off via & time-clock schedule or by a controller which acts on the
the sunspace-to-room temperature difference.

(2) A venting algorithm allows outside air to be circulated through
the sunspace to prevent overheating. The venting can either be fan-
forced or natural. If forced, a fixed air-change rate is used. If
natural, the program calculates the air-change rate from windspeed
and inside-outside temperature difference using user-specified correla-
tion coeflicients.

{3) For sun control, fixed obstructions such as fins and overhangs can
be modelled, or movable shading devices can be deployed on exterior
or interior glazing according to a time-of-year/time-of-day schedule.
Alternatively, shades can be deployed whenever transmitted solar
radiation exceeds a user-specified threshold value (which may vary
seasonally or by time of day). More complex dynamic controls are
possihle with functional input (see previous section).

(4) Conductive heat loss can he reduced by using movable insulation
on sunspace exterior or interior windows. The insulation can be
deployed according to a schedule or deployed whenever the outside
temperature falls below a threshold value.

In order to track the large temperature swings that can occur in
sunspaces, the venting and interzone convection caleulation is done in
small timesteps, ranging from 0.6 to 3 minutes depending on the sun-
space heat capacity and load in a given hour. The conventional one-
hour timestep used in DOE-2 was found to give unstahle or unphysi-
cal results for the convection calculations, particularly when the tem-
perature difference between sunspace and adjacent room was large at
the beginning of an hour.

The interior walls in a sunspace are often fairly massive, so that
the delay in the heat transfer by conduction through the wall can be
important. The DOE-2.1B program was modified so that interior wall
response factors are used in the SYSTEMS program to calculate
delayed conduction taking into account time-varying space tempera-
tures. This calculation also considers the interior sol-air effect, i.e.,
the effect of solar radiation absorbed on the sunspace side of an inte-
rior wall,

DOE-2 has & built-in routines which allow daylight illuminance
levels in a sunspace to be calculated, although, due to the geometric
complexity involved, the program cannot directly calculate illumi-
nance levels in adjacent rooms due to daylight originating in the sun-
space. However, functional input allows users to enter daylight fac-
tors, obtained from scale model measurements, which give
room/sunspace illuminance ratios as a function of sky conditions.

The program will then use these factors to determine hourly illumi-
nance values and the corresponding reduction in electric lighting
power for rcoms with lighting control systems.

An imporiant limitation of the sunspace model is that it does
not account for air temperature stratification or in-room convective
Rows. We therelore caution against its use for multi-story atria
unless the atrium air is well- mixed by the distribution system.

The French RAMSES group will validate the sunspace model
against measurements of insolation, temperature, and inter-zone air
Row for attached sunspaces on an apartment building near Paris.
The program has been extensively tested in an energy analysis of the
Pacific Museum of Flight in Seattle [1). This building, which is
currently under design, contains a 48000 sq ft exhibition gallery with
a 100% glazed roof through which sunlight can pass to adjacent
rooms.

Sample results of the sunspace simulation are shown in Fig. 2,
which is based on SYSTEMS hourly reports from the residential sun-
space example in the DOE-2.1C Sample Run Book [5].
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The first component (corresponding to the ENERGY-COST
command in DOE-2) identifies the type of energy being valued (fuel
type and billing units) and describes the components of a monthly bill
(minimum charges, fixed charges, and rate limitations). The first com-
ponent also contains features for simplified rate structures (all con-
sumption valued at one rate) and provides links to two of the other
three components for more sophisticated rate structures.

The second component (SCHEDULE, DAY-CHARGE-
SCHEDULEY) descrihes how epergy used in the hours of the monthly
hilling period is allotated into different billing categories. This com-
ponent is used primarily to specily time-of-day rate structures (e.g.,
on-, off-, and shoulder-peak periods) and rates that vary by season
(e.g., Winter versus Summer) This component is optional; the default
is that all consumption during the month falls into the same billing
category.

The third component {CHARGE-ASSIGNMENT) describes how
the energy in a given billing category is actually hilled. This com-
ponent primarily describes block rate structures; many rate structures
provide for successive tiers of use, each of which has a specific rate
{dollars per unit of consumption) associated with it. Included in this
category are lifeline rates, as well as declining block rates. In addi-
tion, some rate structures define the tier houndaries endogenously,
hased on demand {e.g. kWh/kW).

The fourth component (COST-PARAMETERS) is used only to
describe features of electricity tarifls. These features include the
specification of demnand ratchets, and the PURPA mandated options
for the sale of electricity to utilities. Demand ratchets are essentially
hurdle levels of demand, which the demand charge can not fall helow.
They are typically based on a previously recorded level of demand,
but can also appear as an average of previous high demands. In addi-
tion, the duration of demand ratchet can vary from 12 months down
to 1 month, or can be restricted by season. The PURPA-mandated
options permit sellers of electricity to choose one of two accounting
conventions for the valuation of electricity sales. The first, called Net
Sale, offsets purchases of electricity on-site and sells the excess at the
utility’s avoided cost rates. The second, called Simultaneous Buy/Sell
values ali electricity generation at avoided cost, but bills on-site con-
sumption at standard utility rates.

CONCLUSIONS

We have descrihed five new features of the XOE-2.1C building
energy simulation program. These features significantly enhance the
simulation capahilities of the program. In addition, they indicate
some of the directions in which the next generation of building
simulation programs will go:

. increased power and flexibility of input (functions);
«  integration of LOADS and PLANT (sunspace);
. strong convective coupling hetween zones (sunspace and PIU);

. standardization of equipment component models, allowing a
wide range of operating modes (cogeneration);

. the ahility to optimize buildings and plant operation to deal
with a wide range of economic circumstances {economics).
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