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Preface
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Agency for International Development (AID). The BRET project is
 
a part of the MinisLry of Mineral Resources and Water Affairs
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provided by Associates in Rural Development, Inc. (ARD), of
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Summary of Significant Findings
 

1. 	During the monitoring period of July 1983 - March 1984, the 
SHAKAWE-EC achieved acceptable indoor conditions for its 
occupants with no us !f eetricity Dr, c L gilIiary 

2. 	During the winter months, monitored daily average
 
temperatures were 6 degrees higher inside than outside.
 
While winter nighttime temperatures normally went down to
 
10 degrees outdoors, the average minimum temperatures
 
inside the SHTAKAWE-EC were just over 20 degrees. When the
 
outdoor temperature dipped to -2.8 degrees on the coldest
 
night of the year, the indoor temperature minimum was 19.4
 
degrees. Under typical winter conditions, with the outdoor
 
temperature varying almost 20 degrees from day to night,

the 	indoor temperature varied less than 4 degrees.
 

3. 	During the summer months, monitored daily indoor and
 
outdoor gerag temperatures were very similar, but the
 
house design reduced day-night temperature swings from over
 
12 degrees to under 4 degrees. The design was very

effective in reducing daytime maximum temperatures,

typically keeping it 6 degrees cooler inside the house at
 
the hottest time of the day. On the hottest day of the
 
summer, when the measured outdoor temperature was 43.1
 
degrees, the i'idoor temperature maximum was 34.4 degrees.

The 	house thermal mass was not able to cool off at night 
as
 
rapidly as might be desired, typically keeping the house
 
somewhat warmer at night than the outdoor air temperature.
 

4. 	While the occupants of the house felt that reasonably

comfortable comfort conditions were maintained throughout
 
the monitoring period, monitored data showed the house to
 
have experienced average indoor temperatures below 20
 
degrees for 3.2% of the monitoring period and temperatures
 
over 28 degrees 34.9% of the time in the monitoring
 
period. The coolest month indoors was July, but even then
 
the 	temperature was below 20 degrees only 15% of the time.
 
The 	hottest month was January, when the indoor average
 
temperature was above 28 degrees 84% of the time.
 

5. 	Based on the calibrated computer simulation model used in
 
this evaluation, if the SHAKAWE-EC used heating and
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air-conditioning to maintain tempertures between 20 and 28
 
degrees, the annual auxiliary heating load would be 2.4
 
Gigajoules and the auxiliary cooling load would be 20.4
 
Gigajoules. A similar non-solar house would have a 9.9
 
Gigajoule heating load and a 51.6 Gigajoule cooling load.
 
On this basis, it can be said that the savings attributable
 
to the building energy design of the SHAKAWE-EC are 63%
 
compared to a similar, conventional design. If provided
 
for 	with electrical heating and air-conditioning, this
 
represents a savings of 6417 kWh. If calculated at P
 
.11/kWh, this is a one-year savings of P 706.
 

6. 	 The SHAKAWE-EC was a first experiment to demonstrate and
 
evaluate a range of building energy design concepts for
 
Botswana. It could not and was not intended to be an
 
optimized design. Analysis has now suggested a number of
 
modifications which should be considered in future
 
designs. The most important are:
 

- The "Trombe wall" passive solar heating system clearly 
benefitted winter performance, but in the context of 
annual performance, the benefit was small. Before 
this feature is incorporated into future buildings it 
is recommended that careful cost/benefit analysis be 
conducted.
 

- The insulated wall design benefitted performance, but
 
not very significantly compared to less-expensive and
 
easier-to-build wall constructions. It is not a
 
design to be recommended for replication in future
 
buildings.
 

- The ceiling insulation had the most significant impact
 
on performance of any of the design elements examined,
 
but the most cost effective thickness may be less than
 
the 150mm used in the SHAKAWE-EC. Even a little
 
ceiling or roof insulation appears to have a major
 
benefit.
 

- Improving the design of the SHAKAWE-EC to increase
 
night ventilation cooling in the summer could improve
 
energy performance by as much as one-third.
 

7. 	 This project has clearly demonstrated that simple passive
 
solar and energy-conserving building design concepts can
 
(1) greatly reduce energy consumption of those buildings
 
which consume energy for heating and cooling, and (2)
 
greatly improve comfort levels in those buildings where
 
little or no purchased energy can be used for heating and
 
cooling.
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8. 
 Further research and development will be very beneficial in

(1) optimizing the design components which have been
initially investigated in this project, (2) adapting these
concepts to different building applications in Botswana,

and (3) investigating other promising passive solar design

concepts which have not yet been evaluated.
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1 Introduction
 

Most buildings currently being designed and built in
 
Botswana tend to be cold in winter and hot in summer. 
 The few
 
buildings which are heated with electricity or coal, or cooled
 
with electrical air conditioning, use large amounts of energy to
 
achieve more comfortable conditions. To demonstrate that
 
energy-conserving, passive solar design of buildings can achieve
 
high levels of comfort with minimal energy consumption, one of
 
the first activities of the BRET project was to design and build
 
a demonstration passive solar house.
 

The house is based upon a standard design of the Botswana
 
Housing Corporation (BHC) known as the SHAKAWE-A Type II. This
 
was done so there would be a known reference against which to
 
measure cost and performance of the house. Although the
 
SHAKAWE-A Type II is a high-cost house, the passive design

principles involved in the redesign may also be applied to medium
 
and low-cost houses.
 

The redesigned house is called the SHAKAWE-EC. It was built
 
between November 1982 and April 1983 and occupied continuously

since May 1983. Microcomputer monitoring equipment was installed
 
in the house in June 1983 in order to assess the performance of
 
the house.
 

An initial report on the performance of the house was issued
 
by the BRET project in late 1983. "Winter Performance of the
 
Solar House - SHAKAWE-EC" presented initial results from the
 
monitoring of the house during June and July.
 

The subject of this report is both longer-term and more
 
detailed analysis of the thermal performance of the house. Cost
 
issues are not addressed in this report, nor is the performance

of the solar water- heating system, both of which will be dealt
 
with in other reports.
 

The performance evaluation undertaken in this report
 
addresses four questions:
 

1. How successful was the building energy design in attaining

high levels of comfort with minimal energy consumption?
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2. 	Where performance was not as expected, what explains the
 
discrepancy?
 

3. 	How well does the building work compared to a non-solpr
 
house?
 

4. 	What modifications should be considered in future designs?
 

The first two of these questions are addressed though
 
analysis of the hourly data on measured performance which were
 
collected by the microcomputer data acquisition system in the
 
house. Results are presented in Section 4 of this report.
 

The 	second two questions require the comparison of
 
performance to alternative designs which have not been measured.
 
While the BRET project is in the process of monitoring a similar,
 
non-solar reference house of the SHAKAWE-A Type II design, this
 
work will not be completed for some time and even then it will
 
not be a parallel experiment where all variables except the
 
nuildLng design are the same (the occupancy, for instance, is
 
quite different). Accordingly, these questions of comparative
 
performance are addressed using a computer thermal simulation
 
model of the SHAKAWE-EC. Results are presented in Section 5 of
 
this report.
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2 House Description
 

The SHAKAWE-EC was based on the BHC SHAKAWE-A Type II design

because this house had a long narrow plan, which was felt to be a
 
thermally desirable building plan for passive solar design in the
 
Botswana climate, It offered a long face of the building which
 
could be oriented toward the north for passive solar heat
 
collection and a narrow width to facilitate cross-ventilation and
 
heat distribution from the south wall.
 

Figures 1-2 present the design of the SHAKAWE-EC. The house
 
is a four-bedroom home with 125 m floor area. The lounge,

dining and kitchen areas are open to each other to improve heat
 
circulation and cross-ventilation. Other primary energy

conservation and passive solar design features of the house are:
 

1. 	North-f cing windows to provide direct-gain solar heating

)
(7.14 m 


2. North-fgcing Trombe wall to provide indirect solar heating
 
(7.44 m )
 

3. Ceiling 	insulated with 150mm fiberglass insulation
 

4. 	Double walls constructed of 115mm concrete block with 115mm
 
loose-fill polystyrene insulation inside (except for
 
bedroom #4 which has no insulation in the west, east or
 
south walls)
 

5. 	Roof overhangs cf 0.5m on the south side and 1.0m on the
 
north side to reduce solar gains in summer
 

6. 	Six operable vents high on the south wll to improve
 
ventilation cooling in the summer
 

7. 	Vents in the top of internal partition walls to facilitate
 
air movement between rooms
 

8. 	A breezeway intended to capture and funnel wind, thus
 
further increasing ventilation
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Figure 1.
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Figure 2.
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A more detailed physical description of the house may be
 
found in Appendix B. This is in the form of a complete listing of
 
the house description which was used as an input to the computer
 
simulations reported in Section 5 of this report.
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3 Description of Performance Monitoring
 

3.1 "The Monitoring System"
 

In order to determine quantitatively the thermal performance
 
of the SHAKAWE-EC, a monitoring system was installed in the house
 
in June 1983. The system consists of an Aeolian Kinetics PDL-24
 
microcomputer data acquisition system and 14 sensors used to
 
monitor key performance variables. The variables monitored are
 
as follows:
 

Channel A - Living Room Air Temperature
 
Channel B - Bedroom #3 Air Temperature
 
Channel C - Living Room Black-Globe Temperature
 
Channel D - Bedroom #4 Air Temperature
 
Channel E - Ambient Temperature
 
Channel F - Trombe Wall Inner Surface Temperature
 
Channel G - Trombe Wall Outer Surface Temperature
 
Channel H - Solar Water Heater Tank Temperature
 
Channel I - Solar Water Heater Flow Rate
 
Channel J - Average Household Electrical Voltage
 
Channel K - Total Household Electrical Current
 
Channel L - Total Solar Radiation on a Vertical Surface
 
Channel M - Total Solar Radiation on a Horizontal Surface
 
Channel N - Total Wind Run
 

The location of each of these sensors is shown in Figure 2.
 
All temperatures are measured with AD-590 semiconductor
 
temperature sensors. Air temperature sensors are shielded from
 
radiant energy to measure true dry-bulb air temperature. The
 
black-globe temperature sensor is mounted within a small (150mm)
 
black sphere and is used to compute radiant temperature, a useful
 
supplement to air temperature in evaluating human thermal
 
comfort. Voltage is monitored with a small transformer plugged
 
into a normal household electrical outlet. Current is monitored
 
with a clamp-on amp transdu-er at the point where the electrical
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service enters the house. 
 Solar radiation is measured with
 
Hollis pryranometers mounted on the outside of 
th; house (one on
 
the roof and one on the north wall) and wind velocity by a
 
Maximum 3-cup anemometer mounted on the photovoltaic panels which
 
are located on the roof. These photovoltaic panels charges

batteries which are used to 
supply power for operation of the
 
data acquisition system, thus protecting it both from power

outages and high-voltage line transients which might damage the
 
equipment.
 

The data acquisition system scans sensors
all the every 15
 
seconds. The values sensed are then accumulated by the
 
microcomputer to compute hourly totals or averages for each
 
channel. In addition, the microcomputer is programmed to compute
 
a number of performance factors on both an hourly and daily

basis. For instance, total hourly electrical consumption in the
 
house is found by multiplying voltage times current at each scan
 
interval and summing these values for each hour. 
 A list of the
 
functions computed on-line by the data acquisition system is
 
presented in Figure 3. The hourly, daily and monthly values of
 
these functions can be printed automatically by the data
 
acquisition system when they are computed, enabling immediate
 
access to performance data. In addition, all hourly data were
 
recorded on cassette tape for subsequent analysis.
 

3.2 Operation of the Monitoring System
 

After initial installation and debugging of the monitoring

system, routine operation commenced in July 1983. Daily printouts
 
were examined periodically, and those from the first two months
 
of operation were used to prepare the BRET report, "Winter
 
Performance of the Solar House 
- SHAKAWE-EC". The initial
 
instrumentation did not include monitoring of wind or the solar
 
water-heating system. Th- anemometer was added in August and
 
monitoring of the solar water-heating system began in November.
 

Routine recording of hourly data on magnetic tape began July

20, 1983, and has been as continuous as possible since that
 
time. There are numerous gaps in the data, but these are not
 
serious enough to adversely affect analysis efforts. These gaps

reflect either periods when the data acquisition system was not
 
running or time when a tape was 
filled up but not replaced with a
 
blank cassette. The analysis contained in this report is based
 
on data collected up to March 30, 1984. The periods from which
 
complete hourly data were recorded are as follows:
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C 

Figure 3.
 

Performance Factors Computed On-Line by the Data Acquisition System
 

1. Time Weighted Average House Temperature (Daily) 0C
 
2. Time Weighted Average No. 4 Bedroom Temperature (Daily) 0C
 

3. Time Weighted Average Effective Temperature (Daily) 0C
 
4. Time Weighted Average Ambient Temperature (Daily) 0C
 
5. 
 Time Weighted Solar Hot Water Temperature (Daily)

6. Total Radiation on Vertical Plane (:Daily) MJ/m 2
 

7. Total Radiation on Horizontal Plane (Daily) MJ/m2
 

8. Time Weighted Average Windspeed (Daily) m/sec
 
9. Time Weighted Average (Monthly) oC
 

10. Time Weighted Average No. 4 Bedroom Temperature (Monthly) °C
 
11. Time Weighted Average Effective Temperature (Monthly) 0C
 
12. Time Weighted Average Ambient Temperature (Monthly) 0C
 
13. Time Weighted Solar Hot Water (Monthly) C
 
14. Total Radiation on Vertical Plane (Monthly) MJ/m2
 

15. Total Radiation on Horizontal Plane (Monthly) MJ/m2
 
16. Time Weighted Average Windspeed (Monthly) 
 m/sec

17. Daily Hot Water Usage 
 lit: es
 
18. Collector Effective
 
19. Time Weighted Average Line Voltage volts
 
20. Electrical Heat Usage kWh
 
21. House Heat Loss 
 MJ
 
22. Internal Heating and Gas Use 
 MJ
 
23. Heating Degree Days DD
 
24. Maximum Average House Temperature 0C
 
25. Maximum No. 4 Bedroom Temperature 0C
 
26. Maximum Ambient Temperature 0C
 
27. Maximum Trombe Wall Inner Surface Temperature 0C
 
28. Maximum Trombe Wall Outer Surface Temperature °C
 
29. Minimum Average House Temperature 0C
 
30. Minimum No. 4 Bedroom Temperature 0C
 
31. Minimum Ambient Temperature 0C
 
32. Minimum Trombe Wall Inner Surface Temperature 0C
 
33. Minimum Trombe Wall Outer Surface Temperature 0C
 
34. Less than 18 0 C Temperature Bin Hr
 
35. 18-22°C Temperature Bin Hr
 
36. 22-26°C Temperature Bin Hr
 
37. Greater than 26 0 C Temperature Bin Hr
 
38. Solar Fraction (Percent of Heat Load Met by Solar Energy) 
39. Hour of Maximum Inner Trombe Wall Temperature Hr
 
40. Hour of Maximum Outer Trombe Wall Temperature Hr
 
41. Minute of Maximum Inner Trombe Wall Temperature Min
 
42. Minute of Maximum Outer Trombe Wall Temperature Min
 
43. Hour of Minimum Inner Trombe Wall Temperature Hr
 
44. Hour of Minimum Outer Trombe Wall Temperature Hr
 
45. Minute of Minimum Inner Trombe Wall Temperature Min
 
46. Minute of Minimum Outer Trombe Wall Temperature Min
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20 July 11:00 

9 August 16:00 


12 August 19:00 

26 August 18:00 

30 August 16:00 

23 September 19:00 

18 October 16:00 

22 October 19:00 

1 November 17:00 

7 November 14:00 


22 November 16:00 

16 December 15:00 

16 January 13:OC 

13 January 20:00 

8 February 9:00 


25 February 19:00 

28 March 9:00 


-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-


5 August 14:00
 
12 August 17:00
 
19 August 15:00
 
29 August 15:00
 
20 September 0:00
 
10 October 23:00
 
22 October 8:00
 
31 October 23:00
 
2 November 9:00
 

]2 November 16:00
 
12 December 16:00
 
26 December 9:00
 
18 January 10:00
 
5 February 1:00
 

25 February 17:00
 
14 March 13:00
 
30 March 4:00
 

3.3 Data Processing
 

Cassette tapes for all of the data periods listed above were
 
read with no problem and reformatted for analysis in a
 
microcomputer. ASCII and packed binary format files were created
 
on IBM-PC compatible diskettes, both for data archiving and
 
further analysis. Then, with the assistance of a BASIC
 
reformatting program, the packed binary files were set up in a
 
spreadsheet format for further analysis using the LOTUS-123
 
program. Once in the LOTUS spreadsheet format, the data were
 
reorganized into separate files for each month. Then data were
 
checked for reasonableness and completeness, monthly performance
 
factors computed, and results printed out and graphed as
 
appropriate.
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4 Monitored Performance Results
 

During the monitoring period, the occupants of this house
 
allowed the temperature inside to swing naturally, not using
 
auxiliary heating or air-conditioning. Thus, the temperatures
 
which were observed are a direct indicator of the performance of
 
the house design. While reasonably comfortable conditions were
 
achieved in this "passive" mode most of the time, it is
 
recognized that some occupants might wish to use auxiliary
 
heating and cooling to achieve greater comfort. An analysis of
 
how the home would have worked under such conditions is presented
 
in Section 5 of this report, which reports the results of
 
comparative computer simulation studies. This section will
 
examine monitored performance of the house as it was operated and
 
used the specific occupants who were present during the
 
monitoring period.
 

4.1 Measured Monthly Performance
 

Figure 4 summarizes the monthly performance of the
 
SHAKAWE-EC as indicated by average indoor and outdoor
 
temperatures. It can be seen that even with no auxiliary
 
heating, the average monthly temperature of the house is always
 
above the lower limit of the comfort zone (20 degrees). In July
 
and August the average indoor temperature is about 6 degrees
 
above the average ambient tei'mperature, due to a combination of
 
internal heat gains and passive solar huting. In summer, the
 
average monthly indoor and outdoor temperatures are very similar,
 
with the outdoor average rising to 1.6 degrees above the indoor
 
average in January. This suggests that cooling features of the
 
design are adequate, on the average, to dissipate internal heat
 
gains and unavoided solar heat gains in the summer. However, the
 
design does not appear to be able to cool the building beyond
 
this point, which theory suggests is possible. Later in this
 
report this will be explored further.
 

- 13 



Figure 4. 

SHAKAWE- EC 
MEASURED MONTHLY PERFORMANCE 

31 

29 -
-. _ -.. 

Li 
LU 

U 

28 

27 
26
25 -

24. 

23 

21 

-

17 

1El 

15 
14I 

A 
I 

S 0 

MONTHLY 
INDOOR AIR 

I 

N D 

AVERAGE TEMPERATURES 
4- OUTDOOR AIR 

F 

Figure 5. 

38 rMEASURED 

SHAKAWE- EC 
MONTHLY PERFORMANCE 

36

34- -

30 
28 

w 

32

26 

4. 

8j i18 

16 

Ii 4 tji 

12 

10 

0 

J 

Timax 

A. S 0 N D 

MONTH IY AVERAGE MIN/MAX TEMPER.ATURES 
4. Timnin 0 Tomox Ll 

- 14 -

F 

To mir, 



The monthly thermal performance of the building can also be
 
examined by looking at the typical daily temperature swing inside
 
and outside the building, as presented in Figure 5. The top line
 
in the chart is the mean daily maximum outdoor temperature

(Tomax). This is the mean value of the maximum outdoor
 
temperature achieved on each day of the month. 
 Following the
 
same pattern, but just below, is a line representing the mean
 
daily maximum indoor air temperature for each month (Timax). The
 
other two lines on the chart indicate the mean daily minimum
 
indoor (Timin) and outdoor (Tomin) temperatures for each month.
 
Clearly, the design of the building has a significant effect in
 
buffering outside temperature swings. Over the entire monitoring

period, outdoor air temperature had an average day-night swing of
 
11.2 degrees while the average indoor day-night swing was only
 
4.2 degrees.
 

The extreme temperatures for each month, both inside and
 
outside the house, are presented in Figure 6. On the coldest day

of the monitoring period, the outdoor temperature dipped to -2.8
 
degrees. At the same time, the indoor temperature minimum was
 
only 19.4 degrees. On the other hand, on the hottest day of the
 
summer, when the outdoor measured temperature rose to 43.1
 
degrees, the indoor temperature maximum was 34.4 degrees.
 

Figure 7 presents the average daily household electrical
 
consumption for each month. As can be seen, electrical energy
 
use is remarkably constant, averaging 11.84 kWh/day. It should
 
be noted that these energy consumption figures do not reflect
 
total energy consumption of the house. Cooking in the monitored
 
house was done with gas, which was not monitored, and
 
water-heating was accomplished with a solar water heating
 
system.
 

Peak hourly electrical consumption for the month went from a
 
low of 2.16 kWh in July to a high of 2.53 kWh in September,

averaging 2.29 for all nine months. These values are both very

constant from month to month, and very low. While in the mode
 
this home was operated (no auxiliary heating or cooling) one
 
would not expect high peak demands, they are important to examine
 
in building energy performance evalution because they indicate
 
the extent to which different buildings may have an impact on the
 
electrical utility supply.
 

4.2 Winter Performance
 

In order to look at dynamic performance under winter
 
conditions, a typical three-day period in July has been selected
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Figure 6.
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for closer examination. July 21, 22 and 23 were sunny days with
 
typical outdoor temperatures and wind conditions for the middle
 
of winter. Figure 8 shows the hourly average indoor and ambient
 
temperatures for this period. 
In this instance the indoor
 
average temperature which is shown is a space-weighted average of
 
the temperatures measured in the living room and bedroom #3.
 
Obviously, the house does a very good job of buffering the indoor
 
environment from the outside. 
Even though the outdoor
 
temperature varies almost 20 degrees from day to night, the
 
average indoor temppzature varies less than 4 degrees.
 

Figure 9 takes a closer look at the indoor temperatures on
 
these three days. The living room temperature varies slightly
 
more than 4 degrees from day to night and is well within the
 
comfort zone most of the time. 
 It only gets cool at the end of
the night, with a minimum temperature at 8:00 in the morning.

The bedrooms on 
the north side of the house can be assumed to be
 
following a similar pattern. 
 In all these rooms, passive solar
 
gains on the north wall of 
the house have a direct impact. In
 
contrast, the temperature of bedroom #3 varies only about one
 
degree from day to night and remains substantially cooler than
 
the living room. This room is on 
the south side of the house,

where it is heated only indirectly. While temperatures in the
 
range of 19 degrees, such as were found here, are certainly

acceptable for sleeping, they could have been higher if it were
 
easier for solar heat to get to this room. This graph also shows
 
hourly temperatures in bedroom #4, which is not part of the main
 
house. Possibly due to a much higher surface-to-volume ratio
 
than the rest of the house a lack of insulation in three walls,

the nighttime temperatures in this room fall below the comfort
 
zone, although they are still far above the ambient temperature.

A daily temperature rise of 
over 6 degrees can be seen, similarly

attributable to the relatively large solar collection surface for
 
the size of the room.
 

Figure 10 takes a more detailed look at what is going on
 
with passive solar gains through the north wall of the house over
 
a 27-hour period on July 21-22. As the sun comes up 
a little
 
after 7:00, the temperature on the outside of the Trombe wall
 
starts a rapid climb. The air in the living room also starts to
 
warm up, but at a far lower rate, due to direct solar gain

through the north-facing windows. About three hours later, the
 
inside surface of the Trombe wall starts to warm up, as heat
 
conducted from the outside surface penetrates the wall. The
 
outside wall surface achieves a maximum temperature of tier 49
 
degrees at 15:00, about the same time as 
the ambient air
 
temperature maximum occurs. 
 The maximum temperature on the
 
inside of the Trombe wall is reached at about 19:00, indicating a
 
time lag through the Trombe wall of about four hours. 
 The
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Figure 8. 
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Figpire 10. 
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maximum temperature in the living room occurs about 17:00. While
 
unmonitored internal heat gains (such as cooking) may have also
 
had an effect, the time of the living room peak suggests that
 
more heat is being provided by conduction through the wall than
 
comes directly in through the north-facing windows (direct gains

probably peaked about 13:00). 
While the Trombe wall temperatures

then continue to fall through the night, they do so slowly and
 
remain well above the indoor temperature. At night, heat is only

provided to the inside air by internal gains and heat stored in
 
the thermal mass of the building. With the relatively small
 
internal gains (about 500 watts) and the relatively cold
 
temperatures outside during this period, it must be concluded
 
that substantial heating of the house is occurring largely due to
 
heat which has been stored from day until night in the thermal
 
mass of the house, either in the Trombe wall, 
or in the inside
 
walls and slab. This is reflected in the very slow and steady

downward drift of the living room temperature from about 19:00
 
until 8:00 the next morning, at which point the cycle begins
 
again.
 

Figure 11 displays the hourly total household electrical
 
energy use for the three-day period discussed above. 
 Just as the
 
electrical use was very constant from month to month, it 
is
 
relatively constant from hour to hour, at 
a rate of about 250
 
watts.
 

4.3 Summer Performance
 

Dynamic performance under mid-summer conditions is
 
represented by the three-day period of January 19-21. Figure 12
 
shows the hourly measured indoor and outdoor air temperatures for
 
these three days. In this graph, the indoor temperature shown is
 
a space-weighted average of the measured indoor air
 
temperatures. At the time of year when keeping the inside of 
a
 
house from getting too hot is the primary environmental control
 
concern, it is clear that the house design is doing 
a r-ood job at
 
reducing mid-day temperature peaks. This is largely attributable
 
to the thermal mass of the house, which heats up only slowly over
 
the course of the day. On the other hand, this same 
thermal mass
 
cools slowly at night, and in this case keeps the average indoor
 
temperature substantially above ambient. Presumably, a means of
 
increasing heat loss from the space at night, such as 
a higher

ventilation rate, would allow the inside temperature to track the
 
outside temperature more closely.
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Figure 13 looks more closely at the individual monitored
 
indoor air temperatures over this three-day summer period. As
 
was the case in winter, bedroom #4 has the largest temperature
 
swings. It is also uncomfortably hot through almost all of the
 
period shown, presumably due to excessive solar gain and/or lack
 
of adequate ventilation (only the single operable window was used
 
to provide ventilation - the lack of a screen on the door
 
resulted in it never being opened for ventilation). Bedroom #3
 
shows the smallest temperature swings, but also appears to be
 
significantly hotter, on the average, than the living room. The
 
daily peak temperatures in the living room are higher than those
 
in bedroom #3, but the nighttime lows are much lower. While the
 
living room does not get as cool at night as the outdoor air
 
temperature, 
it comes much closer than bedroom #3. This suqgests
 
that summer night ventilation in rooms like bedroom #3 is not
 
very good and that, while the living room is much better, it too
 
could be improved. The cause of the higher daytime peak
 
temperature in the living room is not obvious. It could be due
 
to reflected solar gains through the windows (which are
 
relatively larger in the living room), the higher internal heat
 
gains in this area (it is open to the kitchen and is the pcimary
 
area occupied in the day), conductive heat gain through the
 
windows, infiltration, or windows being left open even when it is
 
hot outside.
 

In Figure 14 a single day-night cycle of temperatures across
 
the north wall of the house is presented. During the summer, the
 
Trombe wall apertures were covered by vertical shading devices.
 
This, together with the high sun angles and roof overhang, has
 
cut way down on solar heat gains compared to the winter. The
 
outside surface of the Trombe wall stays well below the daytime
 
ambient temperature, instead of rising to near 50 degrees as it
 
did in the winter. A pulse of heat is still transferred, with a
 
four-hour time lag, through the Trombe wall to the inside of the
 
house, but it is of much smaller magnitude than in winter. It
 
should be noted, however, that the inside surface of the Trombe
 
wall runs about three degrees warmer than the inside air
 
temperature, and is thus a net contributor to the cooling
 
problems of the house. At night, the indoor air temperature
 
drifts downward almost perfectly in parallel with the inside
 
Trombe wall temperature, again indicating the strong nighttime
 
coupling of the indoor air temperature to the thermal mass of the
 
house.
 

Hourly electrical energy consumption during this three-day
 
summer period is shown in Figure 15. As reported in Section 4.1,
 
the average daily electrical consumption varied very little from
 
month to month, and, during the winter from hour to hour. The
 
hour-by- hour situation in summer appears to be much different.
 
While the average rate of electrical use remains about 500 watts,
 
there is more variability than in winter and a few peaks where
 
hourly consumption is two to three times as great. The monitored
 
data do not provide an explanation of the cause of these peaks,
 
but they appear to have some correlation with typical daily meal
 
times.
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4.4 Thermal Comfort
 

Given that there was no coal or electrical energy consumed
 
by the SHAKAWE-EC for auxiliary heating and cooling, the best
 
indicator of the overall success of the building design is the
 
extent to which it created comfortable temperature conditions
 
inside the house.
 

The occupants of the house felt that reasonably comfortable
 
conditions were maintained throughout the monitoring period.

This reflects their particular life-style and perception of
 
temperatures which are "comfortable." It also may reflect their
 
experience in other homes, suggesting that the SHAKAWE-EC is
 
relatively more comfortable than other homes under similar
 
conditions. Still, a more quantitative assessment is useful in
 
understanding the performance of the building and evaluating how
 
comfortable it would seem to other occupants.
 

The typical hourly and monthly minimum, maximum and average
 
temperatures presented earlier do not give as clear a picture of
 
overall performance as can be presented. A good technique for
 
this is to take the hourly temperatures for each month and sort
 
them into 2 temperature "bins". Each bin will then represent

the relative amount of time that the temperature was within a
 
certain 2 temperature range. When presented as a histogram, a
 
clear visual picture is created of lust how much of the time the
 
temperature was at different levels during each month.
 
Temperature bin histograms for each month of 
the monitoring
period are presented in Figures 16 - 24. 

The determination of the limits of comfortable temperatures

is very difficult. It varies from person to person and is
 
influenced by concurrent factors such as 
relative humidity, air
 
movement, level of activity and type of clothing being worn. 
 It
 
is also somewhat comparative perception, that is, it is
 
influenced by previous experience in comparable situations.
 
However, it is possible to define limits to what most people

would find to be a comfortable temperature under typical

conditions. In the "Passive Solar Design Workbook" published by

BRET in May, 1984, a full discussion of comfort and the comfort
 
zone is presented. That publication suggests that thermal
 
comfort conditions can be assumed to exist if the dry-bulb

temperature is between 190 and 270 in winter and 200 and 280 in
 
summer. The seasonal shift assumes the body adjusts its comfort
 
zone to a range of higher temperatures in summer and lower ones
 
in winter. Other literature similarly indicates that in Botswana
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Figure 18.
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Figure 20.
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Figure 22.
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and other parts of southern Africa, suggested limits for
 
temperatures that most people would consider to be very
 
comfortable are from about 20 to 28 degrees. Using this comfort
 
zone definition of between 20 and 28 degrees, the fraction of the
 
time that the living room temperature is outside of the comfort
 
zone, in each month is as follows:
 

MONTH % OF TIME % OF TIME TOTAL % OF TIME
 
TOO COOL TOO WARM TOO WARM OR COOL
 

JUL 15% 15%
 
AUG 5% 5%
 
SEP 7% 12% 19%
 
OCT 2% i,% 20%
 
NOV 53% 53%
 
DEC 37% 37%
 
JAN 84% 84%
 
FEB 62% 62%
 
MAR 50% 50%
 

While these numbers may seem high, it should be remembered
 
that this performance was achieved without any auxiliary heating
 
or cooling. It is also clear from looking at the monthly bins
 
that a great number of the hours are between 28 and 30 degrees.
 
Accordingly, if the upper bound of the comfort zone was defined
 
to be 30 degrees, the total percentage of the time too warm or
 
too cool would be reduced by 47%.
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5Comparative Performance Studies
 

Evaluating performance of a building design is very

difficult in the abstract. Performance is relative, and is truly

useful only when it is stated in terms of an absolute reference
 
framework 1such as an energy standard) or relative to some other
 
alternative design. When we say a building performs well or
 
poorly, we must answer the "compared to what?" question. In
 
this case, the question of primary interest is probably how well
 
the SHAKAWE-EC performs relative to a similar, conventional
 
house, and that will be the primary topic for the present section
 
of this report.
 

While many of the energy conservation and passive solar
 
design features of the SHAKAWE-EC did not cost more than a
 
conventional house, other features required additional material
 
and/or labor costs. In order to assess the value of various
 
elements of the design, we would like to know how much better or
 
worse the building would perform with and without each of these
 
features.
 

Of course, one obvious way to assess all of these
 
alternatives would be to build individual houses representing

each of the options of interest and monitor -hem all in a
 
side-by-side experiment. This approach has two difficulties.
 
Obviously, it would be costly to build and monitor 
so many

homes. Additionally, it is obvious that the way a home is lived
 
in and operated by its occupants affects thermal performance.

Opening and closing windows and shades, the number and activities
 
of occupants, appliance usage, and personal preferences of
 
comfort conditions all affect building energy performance.

Unless these were all measured or controlled to be the same,
 
results would not be comparanle.
 

An alternate approach to assessing comparative performance

is to use models to represent the alternative buildings to which
 
we wish to compare the SHAKAWE-EC. This is much less expensive

and many options can be examined in a short period of time. The
 
danger in this approach is that the models used may not
 
accurately represent the actual performance of buildings.
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The original project design called for monitoring a
 
coventional SHAKAWE-A Type II house, as a comparative reference
 
to the SHAKWE-EC. This was delayed due to a number of 
technical
 
difficulties while, at the same time, some comparative
 
performance studies using computer simulation models were
 
performed. The usefulness of these simulation studies was
 
greater than first anticipated, and checks against the measured
 
data from the SHAKAWE-EC indicated the simulation model to
 
represent the actual house with reasonable accuracy. Based on
 
this development, as well as continued technical and logistical
 
difficulties with the reference house, a decision was made to
 
abandon the original plan to monitor a reference house and rely
 
solely on simulation for comparative performance evaluation. The
 
techniques used to conduct these studies and their 
results are
 
presented in the following sections of this report.
 

5.1 Techniques Used
 

The computer simulation model used in these studies was the
 
CALPAS3 model, version 3.13. This is a computer program
 
specifically designed to analyze the energy performance of
 
passive solar and conventional residences. It was originally

developed by Prof. Philip Niles of California Polytechnic State
 
University. It was further developed and made commercially
 
available by the Berkeley Solar Group (3140 Martin Luther King
 
Jr. Way, Berkeley, California 94703, USA). It was selected
 
because it was the only currently available full-year, hourly
 
simulation program which would run on a microcomputer. Because
 
the climate of Botswana is such that buildings can have both
 
heating and cooling requirements on the same day, models which
 
operated on a daily or monthly level would lead 
to inaccuracies.
 
A program which would ri'n on a microcomputer made a large number
 
of simulation runs possible at a low cost.
 

CALPAS3 is an hour-by-hour thermal network simulation
 
program. It is based on ASHRAE (American Society of Heating,

Refrigeration and Air-Conditioning Engineers) heat transfer and
 
ventilation algorithms. It uses backward (implicit) differencing
 
equations for modelling transient heat conduction in mass
 
elements and combined radiant-convection coefficients to achieve
 
fast execution.
 

The inputs to the model are a detailed thermal description
 
of the building (areas, orientations, material properties, etc.)
 
and its operating parameters (thermostat setpoints and other
 
occupancy variables), as well as one year of hourly weather data
 
(temperature, wind, solar radiation, etc.).
 

The output of the model is a series of tabular reports which
 
give energy flows, temperatures, heating and cooling loads, 
etc.
 
on an annual, monthly, daily or hourly basis. In preparing this
 
report, the outputs of the CALPAS3 program were graphed, for
 
easier understanding, using the LOTUS-123 program.
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5.1.1 Weather Data
 

Annual measured hourly weather data for Botswana are not
 
available at this time, so it was necessary to synthesize a
 
weather file to run the CALPAS3 program. Not only are hourly

data on temperature, humidity, solar radiation, wind speed and
 
wind direction required, they must be in a computer--readable
 
format.
 

The most difficult element of a weather tape to synthesize
 
is solar radiation. Accordingly, a search was ma-e of existing

availble weather tapes to find the one with solar radiation most
 
similar to Botswana. Both the intensity of solar radiation over
 
time and the sun angles needed to be considered. The selected
 
location was Dhahran, Saudi Arabia, which has monthly total solar
 
radiation values almost identisal to those for Botswana. It also
 
is located at a latiLude of 26 North, giving sun angles
 
identical to southern Botswana but offset by six months. The
 
hourly solar radiation values on this tape were used intact, but
 
the temperatures needed to be changed. This was done by

offsetting the temperatures from Dhahran for each month until the
 
monthly mean temperature matched the measured long-term monthly
 
mean for Gaborone. Then the amplitude of the diurnal temperature

swing was modified until the mean ,ionthly minimum and maximum
 
matched the measured values for Gaborone. The resultant weather
 
tape was formatted as a CALPAS3 input file and used for all the
 
simulations described in this report.
 

Wind velocity was not corrected inside the weather file, but
 
instead adjusted inside the simulation program. This enabled a
 
better match to the wind velocity actually measured at the
 
SHAKAWE-EC site. CALPAS3 allows for such an adjustment to input

wind velocity with the "Windfactor" command, where a value of .4
 
was used.
 

In order to verify that this synthesized weather file could
 
reasonably be used for this study, monthly weather file values
 
were compared against the actual measured values from the
 
monitoring period. Figure 25 shows a comparison of measured wind
 
velocity and the assumed wind velocity in the simulations.
 
Figure 26 shows a comparison of measured solar radiation and the
 
values assumed in the simulations. Figure 27 shows a comparison
 
of measured ambient temperature and the assumed ambient
 
temperature used in the simulations. In all of these cases the
 
agreement is reasonable, and certainly within the bounds of the
 
year-to-year variability that can normally be expected in the
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weather. The one case where there appears to be 
some uniform
 
bias is with the ambient air temperature, where the measured
 
value is 
unifo~cmly higher than that used in the simulations. The
 
problem here is not so much a discrepancy between the simulation
 
and 	the measured values, but rather a discrepancy between the
 
measured values and the long-term data reported by GOB
 
Meteorological Services for Gaborone. Two explanations are
 
possible. First, it is possible that the period when data were
 
recorded was unusually hot compared to previous years. The
 
second is that the temperature sensed in the monitoring did riot
 
truly represent the ambient temperature. An examination of the
 
mounting of the outdoor temperature sensor on the SHAKAWE-EC
 
shows that it could have given erroneously high readings due to
 
locally higher temperatures close to the wall of the house where
 
it 
was mounted; however, this cannot be ascertained without
 
further investigation. In any case, the ambient air temperatures

assumed in the model are consistent with long-term measured
 
values for Gaborone and are, therefore, the correct values to use
 
in predicting the average performance of the buildings being
 
examined.
 

5.1.2 Building Description and Operation Inputs
 

The complete listing of building description and operation

inputs to the simulation model for the SHAKAWE-EC can be examined
 
in Appendix B. Dimensions and geometry of building components
 
were taken from the construction drawings used to build the
 
house. Additional information was provided by the occupants and
 
the building designer.
 

The 	building was simulated assuming the occupancy of 
the
 
SHAKAWE-EC, as monitored. Key assumptions were:
 

1. 	Window shades or curtains were not closed during the winter
 
when there was a need to provide heat to the house.
 

2. 	 Windows and vents were opened in to vent excess heat out of
 
the house when it rose above 24 degrees in winter and above
 
22 degrees in summer.
 

3. 	 All electrical energy consumption monitored for the
 
SHAKAWE-EC resulted in a heat gain to the inside of 
th
 
house (continous at 500 watts).
 

4. 	Heat given off by occupants, heat from gas cooking, and
 
heat loss from domestic hot water provided an additional
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internal heat gain of 10.6 kWh/day.
 

5. 	Infiltration in the house can be expressed as 
(air changes
 
per hour) = .0125 (inside-outside temperature) + .375 (wind

speed in m/s), which results in an average air change rate
 
in winter of .75.
 

6. 	Removable shades reduce solar radiation incident on the
 
Trombe wall by 80% from October through March.
 

Obviously, these assumptions are not accurate for all the
 
ime during the monitoring period. Occupancy was not the same on
 
very day, and operating strategies were not always as assumed.
 
his should be kept in mind when comparing short-term differences
 
n modelled and actual performance.
 

When alternate building designs were simulated, all these
 
ssumptions remained the same; only the physical description of
 
he building was varied. 
This means that the results indicate
 
ow an alternative design would perform under the 
same conditions
 
f occupancy and 2peration.
 

There are two basic approaches which were used to compare

he performance of alternate designs. 
 The 	first of these was to
 
xamine temperatures in the SHAKAWE-EC and alternate designs

here no auxiliary heating or cooling is used. This parallels

he actual conditions which were monitored in the SHAKAWE-EC. In
 
his case, the monthly and typical hourly indoor air temperatures
 
an be examined to see what effects the building design has.
 

Extremes and averages don't tell the whole story, however.
 
k better quantitative feel for relative thermal comfort which can
 
)e achieved by alternate designs needs to examine the integrated

nagnitude and duration that indoor temperatures rise above or
 
fall below the comfort zone. A simple way of accomplishing this
 
is by simulating building performance with heating and cooling

thermostat set points at the top and bottom of the comfort 
 one.
 
The resultant heating and cooling "loads" then represent twu key

performance parameters. First, they represent the actual heating

and cooling loads which would have to be met if the building were
 
mechanically heated and cooled to maintain comfort 
conditions
 
(this certainly is the case for 
some buildings in Botswana). In
 
this case, the difference in the loads represents the real energy

savings that would be achieved by using one design over another.
 
The heating and cooling loads also give a measure of relative
 
performance for the building if it were not heated or cooled with
 
electricity or oil. For this situation, a single value is
 
produced which represents the integrated magnitude and length of
 
time that one design would be too hot or cold compared to
 
another. For simulation runs made with th8 rmostat set points,

the winter heating set point was set at 20 , and the cooling set
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0
point at 27 . These limits are somewhat arbitrary, but are felt
 
to represent the 
limits that would normally be maintained in a
 
house which where temperaturte was controlled with full heating

and air-conditioning. 
It should also be noted that the relative
 
performance of different designs is relatively insensitive to the
 
exact specification of these limits.
 

5.1.3 Checkin9 the Model Against Monitored Data
 

Obviously, one of the primary concerns with using a model 
to
 
predict relative performance of different building designs is
 
that the model may not accurately reflect how buildings perform

in reality. A model is necessarily a simplification, and it is
 
important to investigate whether these simplifications result in
 
unreasonable results. While the CALPAS3 model has been used
 
widely and has been the subject of numerous studies where
 
predicted and measured value were compared, there are enough

unusual aspects to this application that it was felt important to
 
check the model against monitored data from the SHAKAWE-EC.
 
Accordingly, the first simulations run were 
of the SHAKAWE-EC, as
 
built, and with no auxiliary heating and cooling.
 

Figure 28 shows the measured average monthly indoor
 
temperature for the SHAKAWE-EC compared to the results of the
 
simulation model. The agreement is generally good, with the
 
measured temperature running slightly higher than the predicted

during the 
summer months. This would be consistent with the
 
outioor air temperature being warmer than normal this summer, as
 
discussed earlier in this section of the report. 
Figure 29 shows
 
the monthly average minimum and maximum indoor temperatures, both
 
as measured in the SHAKAWE-EC and predicted by the simulation
 
model. These show the model is doing a good job not only at
 
predicting the indoor temperature on the average, but taking
 
account of 
mass effects to predict the right magnitude of
 
day-night temperature swings. 
 On the basis of these checks, it
 
was felt reasonable to proceed with using the model to
 
investigate comparative performance of the SHAKAWE-EC design.
 

5.2 SHAKAWE-EC Performance Compared to a Reference House
 

In order to compare the performance of the SHAKAWE-EC to a
 
similar, non-solar house, it is first necessary to define the
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Figure 28.
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reference house. In order to make 
sure that the results reflect
 
only on the passive solar and energy conservation features of the
 
design, the reference house is defined as 
a house of identical
 
occupancy, operation and internal gains. 
 Only the following
 
changes are made:
 

1. 	The reference house has a ceiling, but no insulation (R

Value = .53 instead of 3.52 for the SHAKAWE-EC).
 

2. 	The walls of the house are hollow-core 230mm concrete block
 
with 15mm cement plaster on the inner and outer surfaces (R

Value = .51 instead of 2.36 in the SHAKAWE-EC walls).
 

3. 	The Trombe wall is replaced by an equal area of
 
conventional concrete block wall, as described above.
 

4. 	Average infiltration is assumed to be 50% greater than the
 
SHAKAWE-EC, estimated from the observation that typical

construction appears to have about 50% 
more cracks and gaps

around windows and doors, through the ceiling, air bricks,
 
etc.
 

5. 	The reference house has ventilation only through the
 
operable window areas (no outside or inside wall vents 
as
 
found in the SHAKAWE-EC).
 

Obviously, this does not give the SHAKAWE-EC credit for
 
building form, orientation and interior layout. While a
 
reference house might not be similar in these respects, it could
 
be, and to 
define any other reasonable alternatives for the
 
refernce house would be somewhat arbitrary. Accordingly, the
 
performance results should be interpreted as being generous to
 
the reference house, and thus provide a conservative estimate of
 
energy savings. If it had a less favorable shape, layout and
 
orientation, its performance would probably be 
even worse.
 

5.2.1 Floating Temperature Comparison
 

Figure 30 compares the predicted monthly average indoor air
 
temperature for the two houses. As might be expected, the
 
reference house is colder in 
the 	winter and warmer in the
 
summer. 
 What is going on is made more clear in Figure 31, where
 
the mean daily minimum and maximum temperatures are compared by

month. While, as might be expected, the summer maximum
 
temperatures in the reference house are 
higher than the solar
 
house, the winter mean daily maximum temperatures are almost the
 
same for the two houses. Evidently, heat gains into the
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Figure 30.
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reference house from the roof, walls and windows heat it up to
 
the same daily maximum temperature during the four months of
 
winter. Of course, at night the lack of insulation and higher
 
infiltration result in the reference house experiencing much
 
lower minimum temperatures. Unexpected, however, is the fact
 
that the summer minimum temperatures in both houses are about the
 
same. This will be explored further below.
 

Hourly inside temperatures of the two houses under typical
 
August conditions are presented in Figure 32. While the
 
temperature of the SHAKAWE-EC never goes out of the comfort
 
range, the temperature in the reference house is below 200 from
 
abkut midnight until 10:00 in the morning, with a minimum over
 
four degrees lower than the solar house.
 

Figure 33 shows a more extreme winter comparison. With
 
outside temperatures dipping below freezing, the minimum
 
temperature in the reference house is under 10° , while the
 
SHAKAWE-EC falls to 140.
 

A typical summer temperature comparison is presented in
 
Figure 34. While both houses are quite warm, the reference house
 
is always warmer than the ambient temperature, while the
 
SHAKAWE-EC stays below ambient during the hottest hours of the
 
day. The reference house rise to 36 in late afternoon, a very
 
uncomfortable temperature level. While the overheating of the
 
reference house is clecLrly a problem, of equal concern here is
 
that both houses appear to be having a problem cooling off at
 
night. The outdoor temperature starts falling rapidly about
 
17:00, cnd by 21:00 is 5D lower than the indoor temperature of 
either house. Ventilation cooling in the SHAKAWE-EC is greater

than the reference house and for the SHAKAWE-EC is the primary
 
means of lowering temperature at night. While the reference
 
house does not lose as much heat by ventilation at night, its
 
lack of insulation enables it to lose more heat at night by
 
conduction than the solar house. While this deserves further
 
investigation, it should also be noted that both houses would
 
appear to benefit substantially by being able to lower their
 
nighttime temperatures closer to the ambient conditions by higher
 
ventilation rates. Not only could this make indoor temperatures
 
at night more comfortable, but it might also cool down the mass
 
of the buildings and help to keep them cooler the next day.
 

5.2.2 Comparison with Use of A.uxiliary Heating and Cooling
 

The next set of simulations run were those where all
 
descriptive inputs were the same for the two houses, except that
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Figure 32.
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Figure 34.
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mechanical heating and cooling were assumed to maintain
 
temperatures within the comfort zone. 
 In this case, the relative
 
performance of the two designs is indicated not by the indoor
 
temperatures (they will both be about the same), but rather by

the magnitude of the heating and cooling loads for the two
 
houses.
 

In Figure 35 the space-heating loads for both the solar and
 
the reference house are presented, side-by-side for each month.
 
The solar house has a significant load only for the months of
 
June and July, and in these months is is only about one-third of
 
the load in the reference house. The reference house has some
 
heating requirements for five months of the year and significant
 
loads in four of these months.
 

The monthly cooling loads for both designs are similarly
 
shown in Figure 36. Again, clearly, the loads in the solar house
 
are substantially less than the reference design, but the
 
reduction is not as great as was achieved for the heating loads.
 
In the winter months, in fact, the differences are not very large
 
at all, while in the summer the SHAKAWE-EC shows a one-third load
 
reduction. It should also be noted that there 
are cooling loads
 
in both designs every month of the year. Given the low average

ambient temperatures in the winter, this suggests that some
 
further passive design improvement could probably make a
 
substantial improvement by reducing winter overheating.
 

Figure 37 summarizes the annual heating and cooling loads of
 
the two designs. Overall the SHAKAWE-EC design experiences

combined heating and cooling loads of 22.8 Gigajoules, compared
 
to 61.52 Gigajoules for the reference design. This is a
 
reduction of 38.72 Gigajoules; a savings of 63 percent. If the
 
buildings were heated and cooled with electricity (and

air-conditioners had the typical coefficient of performance of
 
2.0) the consumption of the reference house would be 9923 kWh,
 
the solar house would require 3495 kWh and the savings would be
 
6428 kWh. If the cost of electricity was 11 thebe per kWh, the
 
annual environmental control cost for the reference house would
 
be P 1092 while heating and cc ling the SHAKAWE-EC would only
 
cost P 384, a savings of P 708.
 

Even if the two building designs were not actually heated
 
and air-conditioned to maintain the comfort conditions assumed in
 
this simulation, the simulation results are still useful in
 
quantifying the relative performance of the two designs. Because
 
the heating and cooling loads reported represent the energy
 
necessary to maintain comfort conditions, they reflect the
 
combined effects of magnitude and duration of discomfort which
 
would occur without auxiliary heating and cooling. While the
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Figure 35.
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Figure 37.
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correspondence is not exact (it is neither 1:1 nor exactly

linear), it is probably reasonable to say that under floating

temperature conditions the level of 
"discomfort over time" in the

reference house is reduced by at least half in the SHAKAWE-EC
 
design.
 

5.3 Component Evaluation
 

In order to determine which elements of the SHAKAWE-EC
 
design are the most valuable, as well as identify possibilities

for improving future designs, additional simulations were

conducted and examined. 
 As for the reference house simulations
 
reported above, 	all inputs were 
identical to tne SHAKAWE-EC
 
except for the component of interest. This makes it possible to

isolate the impact of that particular component of the design.

The following design variants were simulated:
 

REF 	 The reference house described above
 

EC 	 The SHAKAWE-EC
 

NRI The SHAKAWE-EC with no roof insulation 

LRI The SHAKAWE-EC with less roof insulation (50mm 
instead of 150mm) 

NEV The SHAKAWE-EC without any of the extra 
ventilation features that differentiated it from
 
the reference house
 

BW 	 The SHAKAWE-EC with the insulated walls replaced

by the standard 230mm hollow-core concrete block
 
walls defined above for the reference house
 

SW 	 The SHAKAWE-EC with the insulated walls replaced

by 230mm solid concrete block walls
 

NT 	 The SHAKAWE-EC with the Trombe wall replaced by
 
an equivalent area of insulated wall
 

The annual space conditioning loads for each of these
 
alternatives are presented in Figure 38. 
Many interesting things
 
can be seen here. Clearly, the most important aspect of the

design is the roof insulation. As can be seen by looking at the
 
bar labelled "NRI" in the chart, the effect of removing the roof
 
insulation from the SHAKAWE-EC is to almost triple the heating
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Figure 38. 
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and cooling loads. The "NRI" option has even a higher total load
 
than the reference house. This is probably because an
 
uninsulated roof provides an enormous heat gain to the house in
 
the summer, which the completely uninsulated reference house can
 
dissipate somewhat better that the "NRI" design with insulated
 
walls. Looking at the next bar to the right, labelled "LRI", it
 
can be seen that reducing the amount of insulation in the ro-f
 
from 150mm to 50mm increases the load over the SHAKAWE-EC by 21
 
percent. The 4.77 Gigajoule increase which would occur if less
 
insulation were used would result in a 702 kWh annual increase in
 
energy consumption if the building used auxiliary heating and
 
cooling. At 11 thebe per kWh this would represent a cost for one
 
year of P 77. This would need to be compared against the
 
incremental cost of thicker insulation to determine whether it is
 
a good investment. The one thing that can be said about roof
 
insulation without further analysis is that it is clearly the
 
most important of the improvements to the reference house which
 
was investigated and that even a small amount has a major
 
impact.
 

Looking at the next bar to the right, labelled "NEV", we see
 
that if the SHAKAWE-EC was built .without the extra vents, the
 
total loads would have been 11% higher. If met with electrical
 
air-conditioning, this would require an extra 346 kWh per year
 
(@.11/kWh = P38). While the improved ventilation design of the
 
SHAKAWE-EC appears to have had the second most significant effect
 
(after roof insulation), the effect is not as large as might be
 
expected. As suggested earlier in this report, it appears there
 
is significant room for improvement in this aspect of the
 
design.
 

The next two bars in the figure shows the space conditioning

load if the SHAKAWE-EC had been built without insulated walls.
 
The "BW" bar shows the performance with 230mm hollow-block walls
 
and the "SW" bar the performance with 230mm solid-block walls.
 
It appears that the use of insulated walls in the SHAKAWE-EC may

not have made much difference in the performance. With the
 
hollow block walls, loads are only 3.3% greater than the
 
SHAKAWE-EC as built, and with the solid block the 
loads would
 
only be 2.5% more. While a more detailed component analysis will
 
be necessary to explain this fully, a look at the breakdown of
 
the heating and cooling loads may suggest some of what is going
 
on. As might be expected, the uninsulated walls result in winter
 
heating loads which are higher than the SHAKAWE-EC, but not as
 
much higher as might be expected. Despite the fact that the
 
uninsulated walls have conductivities that are over four times
 
that of the insulated wall, the increases in heating load are
 
only 20% and 22% respectively. This suggests that solar and high

daytime temperature effects on the outside of the uninsulated
 
wall significantly affect the heat losses. 
 While the nighttime

heat losses through the uninsulated wall will no doubt be great,
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the daytime losses may not be significantly more than through the
 
insulated wall. In effect, the entire wall (particularly that on
 
the north side of the building) may be acting like a
 
low-performance solar collector, not unlike the Trombe wall in
 
principle. The cooling loads do not seem to be significantly

affected by the wall insulation. Presumably, this is because the
 
average summer temperatures maintained in the house are almost
 
identical to the mean daily outdoor temperatures, so there is
 
very little net heat transfer through the walls to be affected by
 
their thermal resistance. These e.cplanations are consistent with
 
the month-by-month values for total conductive exchange generated
 
in these simulations:
 

SHAKAWE-EC SHAKAWE-EC
 
AS BUILT W/ BLOCK WALLS
 

MONTH CONDUCTION (MJ) CONDUCTION (MJ)
 

JUL -8094 -8723
 
AUG -5627 -5951
 
SEP -3729 -3553
 
OCT -332 -162
 
NOV 161 350
 
DEC 697 976
 
JAN 689 937
 
FEB 78 223
 
MAR -211 -87
 
APR -3558 -3730
 
MAY -6015 -6441
 
JUN -7137 -7697
 

Given that the double-block insulated wall construction is
 
much higher in cost than either of the uninsulated wall options,

this suggests that future designs might be more cost-effective
 
without insulated walls. One possibility not explored here is
 
whether a combination of insulated and uninsulated walls might be
 
a better alternative. A combination where the north wall was
 
uninsulated and the other three were insulated could be worth
 
investigating. It is also interesting to note that while the
 
differences are small, the solid-block wall appears to be
 
slightly better than the hollow-block wall. This is contrary to
 
the assumptions made by many and also merits closer
 
investigation.
 

The last bar in the figure shows the annual space
 
conditioning load for the SHAKAWE-EC with the Trombe wall
 
replaced by an equivalent area of insulated wall. As might be
 
expected, the Trombe wall has a significant impact on the heating

load of the building. Without the Trombe wall, the heating load
 
would go up from 2.37 GJ to 3.24 GJ, an increase of 36 percent.
 
However, the heating load was not large to begin with. If
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provided by electric heat, this increment would require only 241
 
kWh. With 80% 
of the solar radiation blocked by removable shades

in the summer, the Trombe wall appears to have little effect on
 
the cooling load. When the Trombe wall 
was removed, the annual
 
cooling load went down about 0.81 GJ, 
a 4% change. While the
 
Trombe wall certainly improves the performance of the building,

the effect appears to be the smallest of any of the options

investigated. This suggests that the Trombe wall 
is probably not
 
a design element which can be recommended for future buildings

unless further analysis of cost relative to benefit produces more
 
positive results.
 

Copies of the monthly summaries for each of the modelled
 
house configurations reported in this section are contained in
 
Appendix C to this report.
 

In the discussion above, various options which were included

in the SHAKAWE-EC design have been examined by looking at how the
building might perform without them. 
 Now, a few of the options

which were not built will be examined by looking at how they

might improve building performance.
 

There aie endless options which could be considered for

incremental improvement of the SHAKAWE-EC design; however, in the
 
scope of this re'ort only a few of 
them will be examined. These
 
are the options suggested by monitored data analysis and computer

simulation studies reported earlier in this report. 
Figure 39

shows the space conditioning loads which came out of computer

simulations for four of 
these options compared to the the
 
SHAKAWE-EC design.
 

The labelled bars in the graph represent five different
 
house descriptions used in the simulation model, with all other
 
assumptions as reported earlier in this section:
 

EC 	 The SHAKAWE-EC as built
 

BV 	 The SHAKAWE-EC with bigger vent openings (twice

the effective ventilation area), half the vent
 
openings facing in the direction of the
 
prevailing wind, and an 
average inlet/outlet

height difference of about 1.3m)
 

MV 	 The SHAKAWE-EC with maximum practical natural
 
ventilation 
(about four times the effective
 
ventilation area with an inlet/outlet height

difference of about. 2m)
 

NT&BV 	 The SHAKAWE-EC as built, but with the Trombe
 
wall replaced by an insulated wall of the same
 
area and bigger vents, as described in the
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Figure 39. 
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second option above
 

NT&BV&BW 	 The SHAKAWE-EC without the Trombe wall, with
 
bigger vents, and with hollow block walls
 

All the analysis presented earlier in this report suggests

that the cooling problem is far more significant than the heating

problem. It has also been noted that on most days when there is
 
a cooling load, 	it still gets cooler outside than inside for a
 
substantial portion of the nighttime hours. 
This suggests that
 
increased night 	ventilation might be a promising area for
 
improving performance of the SHAKAWE-EC design. Accordingly, the
 
first options considered in this series of simulations were to
 
increase the area of ventilation openings in the house and locate
 
some of the ventilation openings with respect to the prevailing

wind. It is worth noting that the prevailing wind direction in
 
Gaborone is east and that the SHAKAWE-EC, as built, does not have
 
a ventilation design which reflects this situation.
 

Looking at the bar labelled "BV" in the chart, it can be
 
seen that an improved ventilation design has a significnat effect
 
on the cooling load of the building, dropping it from 20.43 GJ to
 
11.22 GJ, while having a negligible effect on the heating load.
 
The further savings (above those already achieved by the
 
SHAKAWE-EC design) in annual total 
load which would 	result from
 
this improvement are 9.15 GJ, which is the equivalent of 1262 kWh
 
(P 139 worth of air-conditioning at .11/kWh). While the cost of
 
improving the ventilation design of the building to this level is
 
not explored in this report, some improvement could obviously be
 
achieved at little or no cost and it certainly merits
 
investigation.
 

The second ventilation option simulated was intended to
 
represent the extreme of improved natural ventilation design

(fan-forced ventilation could certainly go further). 
 This was
 
intended to provide a target which could be used in assessing the
 
extent to which it might be valuable to pursue improved natural
 
ventilation design. As 
can be seen in the chart, the difference
 
between the two levels of improved ventilation is only one
 
Gigajoule. While a more detailed investigation will be necessary

to optimize the level of ventilation improvements, it' can be
 
concluded from these results that going beyond the first level of
 
improvement simulated will probably not be worthwhile.
 

The next option explored combines the first level of
 
improved ventilation design with the elimination of the Trombe
 
wall. 
 While the loss of the Trombe wall results in a 0.96 GJ
 
increase in the heating load, this is 
more than offset 	by the
 
9.58 GJ decrease in the cooling load attributable to the better
 
ventilation of this combination option. The net effect is a 38%
 
reduction in loads. Assuming that the cost of improved
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ventilation design would probably not be much more than the cost
 
of the Trombe wall, this combination probably represents a
 
worthwhile improvement over the as-built SHAKAWE-EC design.
 

The last option takes the additional step of replacing the
 
insulated walls with uninsulated concrete block walls. This
 
results in an increased load (mostly heating) of only one
 
Gigajoule. This does not appear to be much of a penalty compared
 
to the greatly reduced cost that would result from using

uninsulated walls. Of the various design options which were
 
simulated, this is not the one resulting in the lowest overall
 
load, but it may be the most attractive combination of options

when cost and difficulty are considered. If operated with
 
electrical heating and air-conditioning, this combination would
 
consume 2652 kWh, which at P .11/kWh would cost P 291. This is
 
24% less than the as-built SHAKAWE-EC and 73% less than the
 
reference design.
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6 Recommendations for Design Modifications and Further
 
Investigation
 

Based on the examination of monitored performance data from
 
the SHAKAWE-EC and computer simulation of design modifications,
 
.the following recommendations for future building energy designs
 
are made:
 

1. Building Form and Orientation
 

- The building form and orientation may merit 
modification to take better advantage of wind-driven 
ventilation. The prevailing direction of wind when 
night ventilation cooling is desired should be 
considered. 

- The pitched-roof, high-ceiling design of the 
SHAKAWE-EC should be reconsidered. It is not clear 
that stack-driven ventilation in the design, as built,
 
was significant; therefore a lower-cost roof design
 
may be preferable.
 

- ThL performance of separate bedroom (#4) in the 
SHAKAWE-EC design was much poorer than that of the 
rest of the house. This could be corrected in future 
designs by any number of techniques, possibly 
including less exposed surface to ambient conditions, 
better insulation, and/or better ventilation. 

2. Ceiling/Roof Construction
 

- While the need for insulation in the ceiling/roof is 
very clear, the amount which is worthwhile needs to be 
more closely evaluated. The optimum amount is 
probably less than the 150mm used in the SHAKAWE-EC. 

- While it was not investigated in these studies, it has 
been previously determined that roof absorptivity to
 
solar radiation is a key determinant of ceiling/roof
 
performance in the Botswana climate. The data and
 
simulations which were done in this study showed the
 
most critical heat transfers through the roof to be
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those which contribute to the cooling load of the
 
building. Accordingly, a less absorptive roof surface
 
than that used in the SHAKAWE-EC would improve

performance. Such use of 
a less absoptive roof, such
 
a white-colored roof, would also lower the thickness
 
of the optimum amount of insulation in the
 
ceiling/roof.
 

3. Wall Construction
 

- The double-block, insulated wall construction used in 
the SHAKAWE-EC is probably not cost-effective and 
should be modified in future designs. Replacement by
either solid or hollow-core concrete block walls would
 
be more economical without significant detrimental
 
impact on performance.
 

- A combination approach, which uses solid concrete for
 
the north wall and a wall construction with a higher

thermal resistance for the east, we t and south walls
 
may be worth some investigation.
 

- The relative performance of hollow-block and
 
solid-concrete block walls needs to 1- examined more
 
closely, either through detailed experimental testing
 
or more detailed simulation studies. In such studies,

the properties of materials should be determined much
 
more accurately than was done in the studies reported

here, wherE textbook values were used. It would be
 
useful to d-termine the thermal and physical
 
properties of The actual materials used locally by

direct measurement, as well as those of other
 
potential masonry construction materials (local fired
 
brick, mud brick, rammed earth, etc.).
 

- While exterior wall absorptivity to solar radiation 
was not studied in this investigation, it could have a 
significant impact, particularly if high-conductivity 
walls are used. This should be further analyzed,
either through experimental measurement or simulation. 

4. The Trombe Wall
 

Analysis of the Trombe wall suggests that while it
 
works well, it may not be an economical element of the
 
design and should not be used in future designs

without careful cost/benefit analysis.
 

The use in summer of removable shades and/or insulating
 
panels to cover winter-only heating devices like the
 
Trombe wall can be effective and is important to
 
prevent aggravation of the summer cooling problem.
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5. Windows and Vents
 

Total natural ventilation design of the SHAKAWE-EC design
 
should be improved so that rates are significantly higher

(about twice as great?) than they are at present. Improved
 
performance could be affected by any of the following
 
elements:
 

-
 Larger operable window areas, particularly where they
 
will improve wind-driven ventilation
 

- Window shape and placement -o make best use of 
wind-driven ventilation 

- Window opening designs to improve wind-driven
 
ventilation by creating ventilation-enhancing
 
projections on the outside of the building when
 
windows are opened (similar to "wing walls")
 

- Use of much larger non-window vents in the ouside 
walls, preferably high and low on the walls 

- Ventilation design to maximize air flow at appropriate 
areas and heights of habitation (daytime activities 
and nighttime sleeping) 

- Less obstruction of air flow between rooms 

- It may be worthwhile investigating forced-air 
ventilation, particularly if this could be 
specifically directed at cooling the mass of the 
building
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Appendix A Summary of Monitored Data
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SHAAWE-EC AS BUILT 

Gabarone 
 Weather: GAEIAROHE.9A (Gabarone DA MOD) 

S U M M A R Y Run period: JAN-0 1 - DEC-31 Conditioned floor area: 1f078 .-i 

SPACE CONDITIONING LOADS Run totals Peaks 

k B tu k[ t u/ sf k tuh
 

House
 
Cool ing 0 
 C'
 
Heat i ng 0 
 0. 000 0. 2 70 

ENERGY CONSUMF'TION Run totals Peaks
 

Prop I ine Source 
kWh; kLtu I Btu 'sf UBtu/Mf :W; kltuh 

Electricity
 

House cooli ng ' 0 0 

Total 
 0
 

Fueli
 

Houie heat i ng 0 .00(0 .000 0. 450 

Bu.4!dil ng total ' C)'') ') 0,o 

Note: CLA_ is the property of and is licenrcd by Bwe'L-ley Solar Group. 71I10 
Grove St. CA '4;03 -- CoL r( appl ic, tjon ,indE'..F-eri.Llc,/, A415 014ai 76,00). t r per-ati,-r
of CALFA3 is lhe re=por si bi I ty of the user ictuci Luildir,. p-cr-,fo ,i-mnce ma,
deviate from _LF~ThY, predicLions dur-. to differwnce- betwec-i ictu-ll and a-is,_nco
weather, const-rti c n, or oc:cupancy. CALPAT33 i s cer t l d t or C I Fo n a i-ner-q
code cop i1 a-h LU sed Ln accordanc:e wi th I he EQO p. b 1 cat 1 00 "Usi ng L fL.FHI:. 
with the (J.AI 1toi Fes"dJertialR i.ilding Standairds." 

n: E: SHOAkA (:1 04-OCT-84. 09: 56: I Page I of 15 

(q) 

http:GAEIAROHE.9A


--------------------------------------------------------------

-----------------------------------------

--------- ---- --------- -------- -------- --------

ASHA'AWE-EC AS BUILT 
 C V3. 11 Lic-nse: PC01'6
 

Gaba,-one' 
 Weather: GOBARONE. BA (Gabarone BA MO) 
,- i Bt: i !~- A<;I/>-',"

:0 W4~M Y E E N E. R G Y B A L A N C E itNT H1L H 0 .U .9 (kBLu;L hue 

GA INS I!<LOSSES TRANSFERS
 

MON COND SHCND INFIL SLRi INT STRG RB+SS VENT COOL HEAT,
 

JAN 7711.7 -70 -6-2'91.1_ 4 -12*1('.7 U .270-

FEB -53.7. 9 -2472.6 7078.: 2159.7 -116 
 9 8 .

MAR 06 -1445.4 5904.0 2391. 1 -25.7 -l'425. 2
APR -77.. - -710.15 3-568.8 2.140C -.16 -401 7 0 C)

MAY -5172.27 -761.00 .. 795.4 2391.1 64.6 -4906.3 C

JUN -.- 26. 8 -716..3"3. 3744.3 2-.14.0 -31.7 -4979.5 
 --JUL -677.43 -644.16 .367"r5.7 23.91. 1 2. 4 -473.1.4 0 • 

[AUG -770.46 -642.07 '3450.9 2391. 1 78.5 -4517.0 0 0

SEP 908.60 -667.t. "694. 0 23.14.0 33-. 1 -4469.2 0 "
 
OCT -3566.1 -1439. 1 7202.3 2391.1 67.1 9 -4660.6 0 .

NOV -5761.5 -2654.1 8144.0 2.314. 0 28.9 -2074.4 -
DEC :-6285.8 -3507. 7 7641.2 2391.1 141 -397.03 0 
S O' :-5707 -19249 6750,0) 28154 157 -40.872 0 0.27C0 

m o THr[AL Y oN D I'rI o N s (Units as shown) 

FEMPERATURES (F) WTHR (F; Btu/sf) PEA (kBtuh):,S 

NON THL THH THM rSL TSH TS&I, DBL DBH DBM SGL HSCL/DY HSHT/DY SSCL/DY SSHT/DY 

JA' 66 76 71 3.9 7'2 53 1561 0 ().27 25 
FEB 68 706 7. 44 78 59 1-73 C)0

iAF'R72 8-1 76 57 5 66 1915 C) C)"-
AR, 73 83 73 6C 87 7. 2364 0 0 
MAY 74 85 79 63 8 74 25C)2. C 
JUN. 76 67 65 77 B 081 90 2483 0 
JUL 78 9S86 3 67 90) 78 2266 C) C 
AUG 76 86 81 66 88 076 2262 f)
 
SEP 75 85 80 64 88 74 2112 C) C)
OCT 71 81 75 55 81 6 6 1780Q 0 
NOV 69 79 74 46 76 59 1489 0 0DEC 64 74 69 39 '72 54 1 14 C C, 

TOT 72 62 77 55 83 67 1973 , ) 0.27 

A HA 001,- 4-OCT-84 Q9: 56:11 Page 2 of 15 
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---------

SHIA[:i"WE ED ASBUILT 	 CALPS7.V . 11 License: PCO -6 

tGabarone 7Gab-rone 	 Weather: GABARONE.8A BA MOD)
 

L _I L Y HO0 U S E E N E RG Y B A L A N C E (k~tLL + into house) 

TEMPS (F) & LOSSES 	 TRANSFERS.~GAINS 

74. 	 ' ,INFIL SLR.'7 INTK 9 R8 66 2VENT HEAT'DAY' THL THH THM COND SHCND 1" 7 STRG 	 COOL 

I ---------- ---- -----19--1--------- 8 3() 7 "1--9"62--	 1"----"0 i' 

1 77 74 ;-185 80. 17 77.1 -20.7, -75.3 0 C) 

2V, 6B '80 74 -2-7 -105 328 77. 1 -0.44 -63.7 0 0 
1t 81 75 -231 -39.2 328 77.1 -26.4 -105 f) 

~ .4. 72 78 74 -2114 -82.1 162 77.1 74.2 	 -25.4 0 
5 67 	 76 72 -225 -124 297 77. 1 -2.98 -21. .0 0 

78 ?..3 -45.6 0 c:) :6 67 7 7 .18 77. 1 -14.3 
7 68 77 72 -191 -118 34 77.1 -9.62 -61.5 0 0:) 
8 70 77 73 -185 -101 196 77.1 38.i -29.6 0 
9 661 75 71 -227 -140: 329 77. 1 -16.7 -27.0C 0 

10(:)64 75 70 -260 -21.) 34 77. 1 52. -1.24 0 CC
 

,1 61 71 66 -226 -198 2278477.1 62.9 0 0 0
 
12 60' 71 66 -211 -126 294 177. 1 -29.2 C) C) C
 

I .1 64 75 70 -259 -76.3 3 77. 1 -62.1 	 -9.44 C) 

14 66 72 -259 -7;7.8 37 77.1 -37.7 -5.9 )
 

15 68 7 74 25 -51.5 3-0 77.1 -35.1 -66.3 0
 
16 69 78 74 -255 -114 ,.,7. 77.1 16.0 -6 3.2 0 


I' 1 7) 79 74 -248 -57.0 -. 77.1 -22.5 	 -74.7 ) 

-77 

728 .. 

t R: 7=0 80 75 -256 -55. C) .41 77.1 -3.99 -104 
19 68 8..) 74 -274 -94.3 o42 77. 1 . 4 -66.1 C) 
, 71 9 '75 --261 -85..1 "..477.1 3.59 -78.1 C)
 

2t 697 9 74 -2-29 -87.6 .'. 77.1 -1. -597. 6 C) C)
 
7 8C) 75 -24 2 -6.5 7-.6' 77. 1 -17.4 -8.6 C
 

'~ 1?7 5 -1 -802.8 "7 71 25.2 -89.4 C: .
 

'" 63 72 67 -197 -2178 u . 77. 1 226 C) 

'555 68 6- -2,13 -218 348 77. 1 -. 94 C) . 2oC)7 
26 57 69 63 -211 -188 7-48 77.1 -27-.2...........) C) C 

27 57 69 63 -24).- -182 35 () 77. 1 -1l.tiC) C)C: 

'.56 70; 64 -251 -135 351 77.1 -737.5 	 0 )C: 
9-62 75 68 -268 -78.5 .351 77. 1 -72.9 	 C) C:) C 

6 5 77 71 -I -125 .47 77.1 -26.6 	 -18.8 C) C) 

675 69 -266 -177 3.54 77.,1 11.6 	 -. 28 U') C) 

RIM :: (,1: D 	 i40: 'IHO: 


http:GABARONE.8A


~ >SVAW~E- AS EJU 'IL, CALPAS.3 V 11 License: PCO 16 

n 4Weather: GABARONE. BA (Gabarone BA MOD) 

D~ I7D N . Oj'I S 4~ T I "c (Units as shown). 
.TEMP ERATUR(ES, (F) ....... WTHR.- (F f
WE'I'h PE .. 

QAY THL THH THt" TSL TSH [ISM-' LBLDEH DBM DE' SGL HSCL HSHT SSCL SSHT 

1 6 797 578 58 571621 C) C8 SO.74 41 79 56 57 1660. QT 71i 81 75 45 76 59 57 1662 C) C0; 
4 72 7e 74 46 79 . 58 57 94, " 0 0567 76 72 41 71 54 57 1498 C.. C)6 67 78.7 42, 72 54 57 1600 ':) C) 

68 /77 7 49 75 6- 57. 1542 C 08 71 77 7 3 49 74 6(6-)57 1085 C Cl 
9 66 75 71 

i 0 42 70 53 57 1662 C) 064 75 7C0 36 65 49 57 16B4 0 0 
71 66 34 68 49 54 1482 C) 0 ": 

12 6 ) - 0 4 4 11 2C) C) .' 
6: 


1 60 

Ii475 7C66 -171 - 36 69 537 49 g1693.1e8 72 - 2 53..16 9 6 0C C) 

' 
69 79 74 
 39 7.2 55 . 51 170(') C) () 

7 7.0 79 74 46 3 57 56 1492 C)
7 0 7 5 7 1 )1 0 . ...I V 68 S0 741640 9 8 --28 54 5.4191CC)7676 53 1717 C) C)
271 68 3 74 47 4 1721 ) C)

C) 69 79 74741 46 2 48 1754 C)70 0) 78 57 56 17 08 C)' , :,: 
" "7 .7 ?9 75 -4 6 82 6( 56 1493 C.'-4 62, 72 67 i 

::,., ,E... ... 6 2 42 63 51 57 546: :: 7-. 8 -6• 4 32 5 6 1 7 4 4 C) C)C . 2 7.: 2:,6- 57 69 6- :
C0 6:3- 4 5 54. 1740

5769
77 , 6.7 2B 6C0 43- 53- 175058.6 .70. 6'4 0 ' 24 66 43 51 1756 C) C)0:
 

65 
 . 77 
62

71 4 52 4e 1754 C) C) ,766 7 
 .,.. 68 5C) 46 177C0C 

68 
 74474 
 15'U 
 C 

001. 0-OCT-84SH k : 4 09 56.11 Page 4 o' .15 



.2 j'E-'ASBUL 	 CALPAS3 V,11 Li censer: PC01Yt56
 

Gan e b'ai r"i o 	 : eter:. GABARONE.BA (Gabarone; BA MOD)
. ;2'"',.. 	 2t"2"'"22' " . . 2.. 


D A:IL8Y ASHC ULR 	 . 1I; CA F77. Linto+ FC05.. 

TEIMPS (F) GAINS & LOSSES 	 TRANSFERS~ 	 ~~0 2' ' " 
"-a8a 89.:Weat"her:.G -A25NE 11977.1ba1on7 	 "BA1MOD).020,'---	 DAY .THL- THH.iTHMLL.,--COD...-SHCND,.INF.IL.-SLR.'. INT~- STRG-..- RD -.- SS. -VENT-,-COOL IAE0T,_'.--.1 

2 

--- ~~~~~~I-----------------	 -----------~ ~ -1;
------------ - --------	 9---7----1----- 7------ --------- ----- -------

t 79 89 84 -0. 6 -36.6 122 77.1 45.4 -183 0.)
2 75 85 BC) 8. C -22.0 93.8 77.. 5. -156 C) 0 
7'1 74 7 81 -5.61 -6.49 11977.1 -8.7 -141 0 0 
4 78 88 e 70-15.7 -15.3 119 77.1 -37.8 	 -123 C)78 89 83 -4.9 -'25.0 '17.1 5-650 	 C) 

6 76 87 821 -20. -18.7 119 77.1 7.20 -164 0 0) 
, 1 77 8681 -152. -35.0 119 77.1 51.4 -204 C . 
8 76 87 81 -8.48 -22. 119 77.1 -7.86 -1562 	 0 C)
9 73 8-5 BC) -20.)..3 -19.7 119 77.1 15.4 -172 C) C)

10 74 85 BC) -14.9 -11.5 12:N" 77.1 -27.6 -140 C C) 
11 75 .87 81 -73.7 - 12. 9 12_9 77.1 -17.9 13 C)
12 77' 85 81 -32.7 -2..1 119 77.1 21.5 -167 C) C)
13'- 77 87. 837 -25.6 -20:. 5 130) 77. 1 -45.7 -111 C) C 
141 79 9 84 -22. C -19.0 .119 77.1 -28.3 -123 0 
15 81 88 84 -47.1 "25.4 96.6 77.1 17.7 -121 ) 0 ,' 2 
16 79 88 84 -34.2 -19.6118 77.1 5.96 -149 0 C 

, 	 17 77 89 83 -18.6 -18.8 118 77.1 4.42 -163 C C)

18 77 88 83 -22.7 -21.4 11877.1 -19.8 -129 
 C C)
t19 	 -79 9C) 0 85 -17.2 -16.6 116 77.1 -26.3 -130 0 0)C)
I'Y e 91 86 --19.2 -16.2 118 77.1 ',11.0 -148 "C) C). 
....
 9.6 -11. -2 .. 18 77.1, -3. 89 -158 
22 2 89 85 -20). 4 -. 37.'3 119 77.1 41.6 -189 0 C)3,>:79 87 83 -17.5 -29.7 11477.1 -3.77 	 -139 C) r)
 

24 78 86 83 -16.3 -4).8 117 77.1 81.1 -229 0 0 
25 76 87 82 4.C. -11.2, 117 77.1 -54.5 -117 : C .
6 7 89 83 -11.6 -14.3 1 	 C) 
7. 7788 83 -18.0 -15.9 117 77.1 -8.85 -150.) 0. 

'28 .77 88 83.. -20.9 '-18.4 117 77.1 -9.59 -144 C C)
.9 79 88 84 - , 4 -20.8 117 77.1 0. 79 -144 C 0 

:)780 8 83'. - .1. ' -16.5 '117 77.1 --C.38 -145 0 C)
1 '78 87 83 -33.8 -19.3 116 77.1 17.5 , -160) C) C' "'7) 

Ru,:B: SHA[;. C) I04-OC01 	 8 (.):56:ii !: Page f 111 



-------------- ------------------------------------------ -------

SHPKAWE-EC AS,'BUILT CALPAS3 V3. 11 License:.,FCO156K2 

Sa arone ''"'-, "' Weather: fAlBARNE.BA (Gnbarone BA MOD)
 

A~ L Y C 0,N~ DAITION~ S 2 '~'~. (Units a' hw' 

TEMF'ERATURES "(): -,,:. ,<:BWTHR (F, BtU/S 

DAY TH rFI THN TSL TSH TSPM DBL DEIH 'DBM DBBi SGL' >HSCL 'HSHT SSCL SSHT 

2 75 85 80) 64 G89' 75 BC-2128---~-C)IC 
74 74 81 
 62 94 76 7? 2465 C)
4 78 88 83 68 90C 78 78 2458 " C) 

'5 78 89? 83 67 95 78 78 2457 C0 C)

6 687 82 65 96 77 78 2457 0 C) '
 

7 77 86 81 65 85 76 77 2464 0 C)
8 7 87 81 66 88 77 77 2454 ) 0: 

A 9 73 85 80 61 87 74 ,7 '".2454 . C)S74 85 BC) 63 89 75 76 2483 C C)
1I 7587 81 64 
 87 75 76 194C) C . 

12 77 85 81 66 83 75 762453 C .
1.--. 77 87 83.,T 68 9C) 78 76 1846 C)
14 79 90 84 68 95 0) 76 2199 CO' C)
15- 81 88 84 73 92 79 76 1217 0 C)
.6 79 88 84 67 69 78 77 2450 C) ')17' 77 G8.93 66 99 78 77 2446 C) 0

18 77 e 83 67 91 78 78 244- C)19 "79' 90 85 7C) 94 81 78 2351 C) C) ...

-)) 81 91 86 71 93 82 79 2446 'C) C)
21 BC) 91 86 69 94 2 79 2441' C) 
"" 82 89 85 73 88 BC)' 0C) 2362. . 0 C

' 9' 87 83 74 88 81 BC) 1195 C)' ' ' 
24 78 86 P' 69. 85" 78' BC) 2436' C) C25 
 76 87 82 67 9C '78 80 2290 C) ' )} ' 

66 77 89 03 '67 94 '78 6 2446 C) 0
7 77 80 83 77 7 


70 77 8 83- 64 

64 92 B)' 243' C1 '' 

91 77 79 2432 C C)

? 79884 
 68 87 78 78 2431 C C)
C) 78 88 83 67 9 77 78--2429 C '
 
I 7887 87 65 87 76 78.2431 ' ''C) ' 
 ' 

.: 'I ' 7;i71 
= j f i;li' ' " I:{~ , 'I . ':: .' :l '' J I ~ .. . ' 

Rtn -BSH AC o o 'KA 4 OCT-84 09: 56: 11 F e o 
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G,-Abrcne'Weather. 	 GABARONE.BA (Gabarone BA MOD) 

H L Y H 0 U S E E N E R G Y B A L A N C E ~(kBtLUq + into hoLIse) 

GAINS LOSSES STORAGE 
 TRANSFERS
 

'D" H TCOND, INFIL SLR INT :AIR MW SLB 1W XW RBSLB FRB+SS MECH M 
-- -7,, .- ;. --- !,:"-- . --:--".- , ..-,.--- - ---- -- :---- -" -::---	 7'7-2 7 -7 r. --- -, :--- - ,- 7---- ---.-


3 4.0 49 C) 1-. 5 2. 40 4. 46- -4- 91 ----	
4"

3.6 Q'
71,,12.82 -6.46 L C) 1.70 1'28 4'. 4.73 2.64". 7 	 0 
71 1 . -7.3 C) 1.62 1.69 7.67 4.79 -0 .
 

<~~4 7C -11.9 	
2.63 

-6. 09 C) 1.62 1-33 36 4.67 2.838 . 16
 
2 5 70 -11.6 -5.93 C) 1.62 1 . 7 8 4.57 2.24 3..V

1 6 69-11. -6.72 0. C)1 1.55 2.84 4,.58 2.27 3 .'08 CO
 

7591 8-6.57 0(.-) 2 . 1 04 2.37 4.26 2.19 2.8
 
69 -9.34 -4.81 14.5 4.55 -1.97 -2.4 58 0.19 049.
 

9 71 -8.20-4.61 27.1 4.72 -•_.47 -6,29 -2.77 -1.70 -1.55 ".. C.)
 
i.(: 7. -5.54 -2.07 .7 4.63 -5.44 -8.79 -5.93 
 4-4.02 -3. 99 . .
 
11 74 -3.68 -1. IC;29.34.55 -4.56 -6.31 
-5.82 -4.95 -4.81
 
12 76 -2.54 -1.60 39.7 .55 -2.99 -9.52 -7.91 -4.78 -5.42 
 -3.75 V
 
13. 	77 -3. 74 -1.96 42.2 .47,-3.11 -9.6.3 -8.41 -4.'73 -5.56 -5.01 V
 

,
'14 78 -4. 02 -(:.91 43.. 5.2.31 - 3. 51 -9.02 -9.04 ",).. 93, -5.98 -4.'57 v
15 79 -5.72. -1. 57 .,8. 2...216 -2. 10 -6.54 -7.79 -42 -5.23 
 -5.18 v
 
1 :77Y16 .18 -I.2) 28.7 2.3.9 0.,18 -2.95 -5 .21 -..-. -3.70 	 -7.92 V 
1, 78 -9.29 -2.45 12-.8 4.40 1.47 2.36 -1.36 -0. 91 -1.71 -6.79 V

Q 18 76 -11.2 -3.17 0.4.94 5.52 .6.09 3.21 2.41 1.4: -13.2 V ' 
19 	 75 -I..6..-2.62- C) 4.94 2.51 5.88 3.54 2.75 1.81 . -9.40 V' > 

7 5 -11.7 5 4.01 C)5.,63-2.58 )241 -	 3.04 1.80. '-3.15 ' ''"7--. 	 1.70 V2.1..,-2.-,,5 C) 0 613 C) 5.29 2. 62 1 .15 1.58 -.0.21 :V ,:
,.4,-	75 -1. 8 -2,.06 4 3 	 -C .1
."-2.95 	 03.86'5292.621.15,1.580 4.24 0 4.86 2.27 C).76 1.36 	 -17-11.8-.-.06-0.50 V '""'75- 1-.8>2." 3' C 3.19 1.39 4.72 2.56 1.25 2.07-'7 	 O. "24 	74 -14.2 - .75 . 2.08 ' 1.31 4.41 2.74 '1.48 2. 2:)-	 '':'.... 

4
 

1 74.J -12.0 3.44 0 1.85 1.48 3.91 2.88 1.75 2.14 0
 
A -13.2 -4.1247 C 1.70 2.00 3.76 3.11 2.220 2.69 " 
 0

S727 j1C) -1.38 0 12. 1.1 00 3.51 3.2- 1.92 2.65 0
 
4 7 I-. -1.77 0 1.62 1.52 3.38 44 2.08 3. 03
 

-2 5 71 -14.6 -1.70 0 1.62 .48 3. 11 3.56 2. 1 3 C)1 	 C:
-:2...6 71 -17.3 -4. 50 C0 2.1)1 1'26 .8 .9 30 C) 

/ 7C) 14..3 -1.68 ).25, 93 0.7? 2.60 . 59 1.92 7).88 '
 
8 71 ' 13,3 -168 7.62 4.55 -0, 87 C).2 -. 1 (1.77 1.52 
 . 

9 72 948 -1.25 29.9 4.7' -4. (6 -7.38 -3.89 -1.71 -1.98 C)
 
>74 -7,76 -C.72. 8 4 4 5.67 -9.80 -4.09
-6.8( -4.31 0
 

1 75 43.-1.60 4-9 4.55 -2.28 -11.3 
 -7.54 -3.77 -5.21 ' 1 V 
121 	 77 1.1 -0.63 46.2 3.55 -5.36 -11.6 - 9. 08 -5.39 -6.70 	 -4.67 V1 	 EX.. 1.65,20..'..46.0 147 -1592 -1).2 -6.55 -7.56 -1.87 V
 
14"' 8 )'-4. ,-'1 . 5C)13.72- 1 -1.81 -8.82 -9. 17 -5.13 -6.31 -6.28 V
 
15 79 756 -2.98 ._.8.22.16 3.39 -5.87 -5.65 -1.44 24 -17.5 V


81) 6 -1 .:-'61 4 .9 . 9 -2.77 
 -2.76 -4.83 -. 61 95 	 -4.6.2,V
J1 8 - 52 12.9 4.-4C 2.47 -1.86 -1.91 -2.52 	 -4. 6 V. I .- -C.).78.


79 -9.64 -1.65-. 0 4.94 3.16 '6. 10 1.82 0 41 -0.20 -7. 8
8V
1876--12.7 -1.88 4.94 7.31 6.46 4.51 4.24 3.8 .. -0. V


2C) 75 12 5-'4.49 0 4.01 
 2.79 6.16 4.89 4 C)01 3.26 	 -9.77 V
21..757' 	 . 86 0 5.75 4.18 2.65 2.79 -0. B2 V

1-. .4 . C. 4.24 '0.28 5.29 3.74 1 8.E6 40 ..46 .'' U 
- 12. 4.96 0 .. 9 .. . 8 484 ... 9, . . ' '
 

:24 74,1 448 -. 9 2 8- 1 , 4 '_7.57 1.71 2.5
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: " , CNTF.LS FLOWSSUPYTS~'.2.i. , U~2 ~ .D3HS , TSS DB WB SM SF
. SGL WSW 
 1 
 H- --S VHS .VSS-
 RC VHS SSR9C 
7" 4.45, C) 09 5 46C.77~~ -- 7 ----------- (,V
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2Z3 W 7- SC C) .0C)-* ) 1 1 .C4.0 C6-CC
24 W 74 46B 480 C) I 0 C) C 56C10) 
 04 

J 1 W 74 -2 -2A- 7 4e~4 8 4 8 C) . C 0C).22 180:7 1e:)CNN3W- 72 46 46 
5-

C) C)
C) C 1E 48 C2 52...C)- 0- C-. 0 -468"~2 

4 7)W 42 42 C 0 C422- C)- :. C) ) C) 1 . 
. C)- -' . 04
 

V) 71 42 42 C* ) . ) 2 1. C) -7 /W 41 40 2) . 1 U 10 C
C) -4 

241 
.98 WW 71 41 4C 2577 v 46 5646' 68 " 17-:6= C;; .0 .. 0- -. - C)--4 41 ' ., '?.;.2- - - 9 6 4o"-W '-74 54 2 8 3 1 S C) C) C.))54 280 -53 21,1 U 1 . 0C 1 . , 46.- 4I 7-.: W 68 59 284 68 247, 4 8 1 '-12 W 77 . 7 8 59 - 1 , .2 68 . 284 75 267 -. lo..17)-o 9 1 68.41W.80 '' 78 . W... -7 

2'. 

. .
61 284 74 263 3 180 0
. 1 2174-756C. 282 114465234 513. 78., 
 2 1117 ..7 
 "
 ~- l.16 . e(8)9 , 69- 76 59 27 8 48 1 82-6C) 252 2 5 157 C)161. - ) 38 6 9, 1078 . . 76 2?
 

17 W 8i .- 75 5 9 j 14 1 5 13- 07 68-
18-W 79 -.71 8 
 112 .) 14 

2719' W 
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6 59 57 0 C) 17 

7 
--'W Y) ' 57 5 0 
 C) C 4 90 06
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',-G6abarone . .. ... : Weather: GAB-RONE.A (Gabarore BA MOD) ' 

H10 U-R L Y Hl 0 U S E E N E R G Y. B A L A N C E ([kEBtL( + into house) 

GAINS & LOSSES STORAGE TRANSFERS
 

'Di'$H TCOND SLR 	 KSLBA THS INFIL INT AIR ,MW 	 IW XW 	RBSLD RB+SS MECH M 

~J 1 83:.1 -4-36 -2~.2 C 1.85 2.83 C0.85, 4.88 .71 .405 	 -173 6 V 

11. .81-2. 
17 U 1. 62- 1. 95 0.BC) 5.15 3..0 3. 9 . -12.6 
4 80:) -5.48 j-3. 19 ' .)01.62 .4.e3.C.....49.4.7: '5.31 -97-2 4 94 ;:800 1.62 -2.-12 0. 56 .53 1.74 2?.84 . . -535 V"'' 

Q680-3. 28 -2.C02 1.64 2.)1 1.20 0.65 4.24 i 97 3306 6 V80 	-1. 2 -1.53 5.97 2.93. -1.6
97 : .2 .2. 0C.2 ,0 92 	 -6.67 V 
e 8B82 1.71 -0. 49 7.26 4.55 -4 79 "C) 26 -0.58 -2.'4 -1.4.1 -2. 0. V 
9 84 4.83....55 9.37 4..2 -4.90 077 .92 -4.3 7 -. 26 )

I C)85 3.30 -0.44 11.3 4.63 -2.94 -(. 74 -4. 07- -4.15 -3.25 	 -1.86 V11 87, 6.02. C.95 121.8 4.55 -4. 30 -1.15 -5.58-5.C4 -4.61 	 0 
88 1.20: 	 E-1.W 122 6.26 13.3 -.55 87 226 -6.44 -5.2 1-5.C2,:

1- 9.. 5. 71 084 3. 3.47 27 -1.21 -6.61 .- 4.83 -4.95 	 C)
14 9C) 4.98 0.67 12. 0 2.31 -2.0) -1 10 -6.27 -4. 15 -4.61 	 . . o
15 91 4.890.90 10. 2.16 -1.62 -1.- -5.72. -3.56 -4.735 " " 0 
16 91 3. 44, 0.73 8.*3 2.39 -1.14 -C.B.') -4.98 -2.88 -3.8 ."
17 91 '1.IC -(.46 6.82 4.40, 0.50 -0. 45 -3. 77 -1.58 -2.67 .' - 4 V18 90 -1.32 -1.39 5. I0 4.94 2.22 -. 04 -1.91 . 18, -0.96 .	 *. -7.60 -

I I? E9 -3. 11 -1.76 0. -2 4.94 3. 37 0..-,4 0).78 2, :)1. 0.98 	 "9.78 V20 88 -4.42 --1.41 C) 4.C01 2.75 C.56 1.76 2.73 1.88 	 -9.35 V
 
21 87 -5.21 -1.33 C 3.86 2.98 0.72 2.76 3.36 2.73 	 -1 1. 9 V 
"22 86 -4.77 -2.17 2.81 3.51 - 3. 1 	 1. VC) 4.24 C).74 . 3.64 	 - I 

82 	-4.15 -1.46 C 3.39 (:.89 0.65 3.35 2.79 2.72 ,-9.26 V 
85-5.54 09 -1.31 C 2.08 1.74 0.75 3.63 2.77 3.09 

S184 -4.33 -1.6. ' : 1.85 1.49 0.69 3.67 2.54 2.97 -8.48 V 
L -,8. :) ).81 4 .2 3.-5.18 -1. 86 1. 70 2.51 	 3 C)2 -1 0)9 V 
L- 8. "-4. 09 -1.72 0.69 4.4. ()4 2. 5SC'3'7." 11.4 8-'" C)C=1.1.662 1.1.17 C.69 408 2 .	 -6.77 V" " " ..""
 4 	 8 -4.25 -1.66 C) 1.62 1.23 0.69 4.)4 -2.313.1) -8.66 V8 	 2. ". --1.32 1 . 62 74 C0. 42 .30 1.25 2. C6 -5. 03 V 

-81 1.53 86 1.2176- 8 1 -I.03 2 0 0 0.-.29 2.21 0. 39 -4.17 V 
7 82 2.43 .0 ) 5.97 2.97 2..,6 0.37 2.07 1.56 1.55 	 -12.7 V
P_8 ).(.)6 -2.21 7. 6 4.55 -. 09 0.07 1.35 0.'86 (:.60 -12.3 V 
9 	8 . -C).91 9..7 4.3 2 -4.01 -0.39 -0.99 -1.60 -1.35 	 -5 0. V
 
10 84 	 .
16 -1.20 4.67 -2.72 -C.58 -2.28 -2.41 
-1.94 -6.58 V

1 86 4.u9 -0.10 i. 8 4. 55 -4. 8 -C).92 -4.3,0 -4.19 -3.53 -0 
1 , 4. 4 .5 -871. .55 -2..4 -0. -4.66 -3.83 -3.37 -3.9.7,.V
1 88 4. 4 -C. 1- 1 .2 3.47 -2.98 -1. 00 -5.26.-4.14 -7..85 V9C)
14 9... 46 41 1 .. :,I -1.33 -0. 91 -4.89 -3.28 -3.47 -3.01. V 
15 882. 40 --0.86 11.- 2.16 0'64 -0.67 -3. 64 -1.80 -2.45 -6.22 V 
16 '.89 2. Cl 0 71 0 2 .39 -0.1 -11.45 -2. 60 -1.24 -2.C) -5. 15 V
17 88 C 57 - 95 6.82 .40 0.-5 -- 0..23 - 1.83 -0.61 -1.37 - 6. 92 V 

19 
-C 
18 

87 
E35. 

1.8 11 -1.- . 

-. 95 -1.49 
.47 4 : 

4.4 7-. 0-727 27 

.1(. 4.94. 1.26 
2" 4.94 3..i. 

4 1 4.6 
(..86:.1C 

0.05 
..41 
).71 

7' 

-0.63 
1.68 
3.20 

0.-29 
1.82 
'.44 

-0.33 
1.38 
2.87 

-. 94 V 
.8 V 

-14.'V 
12.9V 

-. 71 -2..'33, 4.24 1.87 170 4.C1 3.-9 3. 15 -13. uV 
2 83 -4.16"-2.-,4 C) -3.39 2.22 0.78 4.78 3. 29 47 "1.C V 

1 11-111 C 2-)8232C8- 0 613. 62 1.97 .58 6.e8 V 
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-Gbarone Weather: GODARONE.BFA (Gabairone DA~ MOD) . 

4 TI 0NO~tJR L,~,$A~,ONDIb(VarioLUS Units) 

WEATHER DFT 
 CNTRLS FLOWS SUPPLY"TMFS 

DH S TfIS TSS DBW D SBM SDF SGL WS WDR TF SH SS VHS VSS RC VHS VSS RBC 

8 
U 2 SB2. 'R, 74.'' 72 . C) C) 4 '7 1396 . : -74 .' < . < 

3J 1 93,' ' 77 ----)-- ' 4-337. ~116 

1562 74 .. ' '~<~S~ 6680 C' 5 7 


5~~V. 8C 

S ,,6 1' . 6099 5 )) 51;37 o1650: 69 

77B0. 5 -3 7 C)1490 77 
16SBC) , 73 ~63 32 9 12 5 37 U1571 77.S8 eo7 75 64 138 3.3 e 15 C) 126 7
88" :) 67 2'- 42 148 4 :7,15 0 812 80:)

A'S9 e4 87 67 222 52 210 '~. CT' C.1 87I()-wS B5 83 67 228 6 257 4 315 C) 74 8 
S :1 .7 9C. 66 23.2 7) .-91 5 • C) ) 90
2 92 .S88. -03 6 45 . 0 92
66 2.2. 7 

S 89 92 67 2.,2 72 )" 6 : C) .C)
99 


14 S 9C) 92
 
15S "91 ' 92 .. 66 2(0 66 274 6' 45 929 ,
 

....91 94 67 ""6 57 2,"74 5 C 0C
16'S. 91 93 67 214 47 160O 
94 

7 22 C) 0
i'6'S,91.' 90 60 174 8 112 7 C) . 28. 

93 
9C18 S 90 87 71, 88- 21 40. 7 22 C" 2168 87

,~ 8357 72 . ' 2 2 6:19 ..... ~ - 6 2222 CC 1-;1857 :84..84 
 42.0 S 88 .0 8:72 ). 0 C) 22 " 1106 80
 
1 S .87 77 71 C) C) C.2 0 . I
1136 77
 

2S86 77 70 4 377 )14)8 77
23.S 85 78 69 C) C) 7 337 1180 78 

. 

85
.,: S 75 68 C) C) C). 2.315 ) 9097 

4 1 S 84 766...65 . (.C) C) 3 315 C 977 76
8 :.
123U 73 3 C) C), "C73 337 . 5-15 :) 1003 .) 
L.L S 63 75 633 C)... C . 4 .15 C) 1015 75

8. 74. 67 C C) C) 3"15 C) 982 74 
8 ' - 79 67 C) 7 1 5 0 1415 79

2 . ... 79 .6..3. . 8:... . '... . C) 1066 79 

7 S 82 7: 58 13 7.78 6 '15 C) 1346 73

8S '82 76 68 200 6
42 148 C37
)0 1984 76

9 8. 1 71-"" 52 210 7.7 
 0 2037 81


10 S5-'84 "82 74 228 62 257 9 .37 C) 2616 82 
. 

S i S 06 , 8686 72 232 70 291 C C) C) 3918 " 86 
-232 9 


1.. "86 E' 7() 75 9C '0 

"12S7., 8 . 71 77,3,3031. :,457-.C) 86
 

C. 8C)

:148 89 88 7C) 176 81 24C 1 C) 3923 88
15 5 88 87 
 70 16') 75 20.1 1 ) C) C 3929 ' 87 " .
-16 71 212 47 179 8 C C)87 
 150 87

t7 5 Be 86 72 174 .38112 7,- " 26694 86
 
1 BS Be e5 71 
 88 21 40 o C) C 856 05
S1 87 82 
 7 2 .2 2 5 ' ) . 2116 82
2 S. 5 77 74 ...C) "C) 7'7 ' 1599 775 

8'' 84 77 72 0 )5 377 C)667

035 8 77 72 c, C) C) 6 337 . 1885 77
 

S .'3 75 69 C) ) 
 ' 5 3-7 C187 75

7777 "66e3 C) . 376 C) C) 1131, 77 
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SHIAWE E APS-BUILT ~ 	 COLPAS3 V. 11 License: PCO 1562 

,:.4,2. .A E. ::. 

HO0'U R'l-Y T F M P~E~R E'SK 

HOUSE 

D H 	 THS MWI MWO SLI SLO IWI IWO XWI XWO: 

6~ 	 J 1 e:. 8 , B5 85. 868E4 85 85 86 
U 2 8 ,85 .84 85, 86 83 84a . 84 86 
L -81 84 B8 . .84 85 82 83_83 85 

4 8C) 83 82 8- 68561 82 82 64 
82 85B 890 .7 87 ' 84 81 81 832 84 

16' 80 8 2 2 . 82 .. 80"81 :81 83 
7 BC) 2 83 83 83 81 81 82 83 
e 62 83 84 ,3 8 - 82 81 83 8.'., 
9 64 83 86 84 8.3 83 82 84 04 

I 5 84 87 85 83 84 83 84 84 
11 87 85 89 86 84 86 84 86 85 

.12 80 86 91 86 84 87 86 855 
I- 89 87 92 67 85 88 87 8 86 
t4 90) 88 93 88 86 89 88 89 87 
15 91 89 97, 88 87 90 89 89 88 
16 91 09 93 89 87 90 90 90 88 
17 91 90 92 89 88 91 90 90 89 
18 90 9( 91 89 88 90 90 90 .89 
19 89 89 90 89 88 89 90 89 89 

C.) 88 89 89 88 88 89 89 88 89 
21 87 88 8 88 8 88 88 88 88 

. 22 86 88 87 87 88 87 88 87 88 
%2 8587868787 	 8 87 8788 
24 85 87 85 86 87 85 86 86 87 
1 1 8486 85 86 86 85 85 85 6 
U 2 8. 85 84 85 86 84 85 85986 

.L3 83 85 84 85 86 84 84 84 85 
S82.84 87 84 85 8. 83 84 85 

25 62 84 83 84 85 8. 83 83, 84 
2 6 8- 84 83 84 84 83 8.3 8. 84 

7 82 8383 8484 82 83 83 84 
a '8 83 84 84 84 82 82 83 84 
9 83- 84 6 4 84 83 82 484 

lo, 	 84 84 87 85 84 84 83 84 84 
i 86 85 89 86 84 85 84 86 85 

1.,..12 87 86 90.6 86 85 86 85 86 85 
13 88 86 91 87 85. 87 86 87 86 
14 	 69 87 91 87 86 87 87 88 8715 	 88 87 92 88 06 88 96 88 87 

>6 9 D88 91 88 87 88 8 88 87 
17 88 88 91 88 87 88 88 8888 
18 888"90 7':88 87 88 88 88 88 
19 	 87 88 88 87 87 87 88 87 87 

85 87 87 87 87 86 87 86 87 
.1 	 84 86 86 ,86 87 85 86 86 87 

83 86 85 85 86 84 85 85 96 
037' 85 85 85 86ee84' 84- 84 G.. 

.4 	 83 85 84 85 85 83 84 84 b: 

SHKAI 	 "Rlr: : !:.00 

Weather: GARONEBA '(Gabarone A MOD) 

' (Degr-ees.F.),A 

SUNSPOCE 	 ROCI:,EiED 

TSS MW I MWO. SL I SLO TRB SLI SLO 

..
 

_: 

"
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3 F~EEC- AS BUILT"''~~ CALPAS3 V-. 11 License:* PC 15, 

Wether: GARRONE.BA (Gabarone BA MOD) 

-
- - I- - - -
 - - - - -7 - - - - - - -


S*TITLE SHAIK.AWE-EC AS BUILT 3. 

3'4~3.3~ SITE JTZN= 21 ,OCATION=Gabarone

GFREFLECT 3 JANGR=.25 FEBGR=.25 MARGR=2 AP'RGR=.- 5'AG&uJNG

5 JULGR=. 25' OUGGR=. 25 'SEPGR=.'25 OCTGR=.2 NOVGR=.2 DECGR=.25' 

~'VI'7~""*HOUSE *FLRAREA 10 77 3" . 

''9~I33 3 ROOF AREA=(02 TILT=5.1 UYViL=.O:5 OBSRP=.65j

I WALL NONE=WESTW(4ALL *AREA=1.65 *AZM=9c:) UVAL=. 1)75 ABSRF=. 45 
 INSIDE=EXWAL 

C L 
11 WALL NAME=NORTHWIALL1 *AREA=.437.2 *KAZN=180 UVAL=.0'75 ABSRP=.45 INSIDE=E~W 

C ALL 3 

1 WALL NAME=EAST14ALL1 
 *AREA=245 *AzM=27o. UVAL=.0:75 ABSRF=.45 INSIDE=EXWAL

C LN,.3 

33T, W6,)L NAME=SOUTHWALLI *OREA=227.8 *AZM=O. UVAL=.C)75 AEISRF-.45 INSIDE=EXWAL
C L 

f.1.4 WALL NArIE=DOORI *AREA=18.3 fAZM=9(')UAL=.-7o ABSRP=.5 INSIDE=AIR
 
15WLL AIIE0002 * OrE~9e*ZM=9)UVAL=.:3O ADSRP=.5 INSIDE=AIR
 

16
 
17 M~r'ATERIAL *MATERIAL=HBLF::;95 *VHCOF'=16 *COND=.775
 
18
 

"~19 MASSWALL *AREA=6.-s *TVNS= *MoTERIOL=CONCl1OoC HOGLS=1.21 HOTAHS=C') HGTA

C Hs;=O:. 
 3. 

2C ML'GLASS *AZM=0 NGLZ=1 UGLASS=.0'6 (3LSTYP'=2 XRFLCT=.c)d,.
21 SGFACTORS JANSGF=i FEJ3SGF=1 MARSGF=1 AF'RSGF=.2 MAYSGF=.2 JUNSGF=.2 & 

3' JULSGF=.2 AUGSGF=.2 SEPSGF=.2 OCTSGF=1 NOVSGF=1 DECSGF=1
 
3 3 SHADING *WHEIGHT=6.23 *(0WIDTH=12.81 OHDEPTH=1.3 OHWD=1.65 OHLX=6 OHRX
 

j 3.F3 SA AEA17.7*TKS4*3 -. ERIAL=CONCl2OC UGRND=. 1 

2733" INTWOLL *OREA=1467 *'THk'N S=2 *MATERIAL=HBLf:95 
33 

2 ? EXVWALL *THK:NS=4.sl fMATERIAL=H9LK:'95 
3 

.1 GLSS NAHE=SGLASSl *AREA= 7. *AZM=(O NLZ=l UVOL=1. 0)6 GLSTYF-2 XRFLCT=. )5' 
.3-12 GDISTWJNTR AIR__'5 SLE=.q XW=.1. 

SGDISTSMRA=.5 SLB=.4 XW=.1 
. 4 SHADING *WHEIGF-j=5.. *WJWIDTH=6.2 OHDEPTH=1.64 OHWD=L.4 OHLX=30(. OHRX=18 b35 GLA~SS NAME=SGLASS2 tAREA=26.9 *AZM=0 NGLZ=1 UVAL=1.0:6 GLSTYF-2 XRFLCT=.0.'CS5
 

-6 SG5DISTWJNTR PIR=.5 SLB=,5
 
Z7 . SGDISTSMR AIR=.6 SLD=.4 .
 

.*WWIDTH=4.
7.P SHADING *WHEIGHT6.6 1 OFIDEFTH1.64 OHW'D=1.8 0HLX=24 OHRX=249 GLASS NAME=SGLASS3 *AREO=13.45 *AZM=0.' NGLZ=l.3 UVAL=1.0'6 GLSTYFP=2" XRFLCT=.3333 

LQ SGDISTWNTR AIR=.8 SLD=.2 
3 

~41~ SGDISTSMR AIR=.7 SLB='.3'.
 
4Z. SHAD ING 1WHE IGHT=: '*WVWIDTH 74. 1 OHDEPTH=1.64 OHWD=1 4 OHLX 18 OHRX36'
43 GLASS NF)P',E=SGLASS4 *OREA=:.: *AZM=Cu NGLZ=1,UVAL=1.(:)6 GLSTYP-" ,XRFLCT=.c:)


SGDISTWNTR AIR- 7 SLB(. XW 1 
'. 

3.334~'>';'SGDISTSMR AIR- 6 SLD.-' XW=1.l kSHA)DING flJFEIGfAT=.3. :*WWJIDTH=4. 1 OHDEFTH-1.64' OHWD=1.4 OHLX=6 OHRX=45 3 3, 
..4 7 GLASS 'NAME=WGLASS1 *AREA=19. -*AZM=90 N\GLZ 1 UVAL 1 C:)6 GLSTYP-2 XRFLCT= 

-Run:~ Bi: SHAF-'A 001, ".4,OCT-84 09: 56: 11 Fage 13.of 15 

http:OHDEFTH-1.64
http:OHDEPTH=1.64
http:AREO=13.45
http:OFIDEFTH1.64
http:OHDEPTH=1.64
http:THK:NS=4.sl
http:OHWD=1.65
http:0WIDTH=12.81
http:WHEIGHT=6.23
http:HOGLS=1.21
http:AEISRF-.45
http:ABSRF=.45
http:ABSRP=.45
http:AREA=1.65
http:DECGR=.25
http:FEBGR=.25
http:JANGR=.25
http:GARRONE.BA


SHAKAWE-EC AS, BUILT.CALPASV 11 Lic ense:' P. 156 

Gaba,, ,
r-ojYcne 
 Weather GABARONE.BA (Gabarone BA MOD)
 

48 SGDISTWNTR AIR= 7 SLB=.3 

'' C?9''<SGDIStSIR'AIR. 7SLB=4 
SHDIN,0 WHEIGHT=4 96 *WWIDTH=3.94 OHDEPTH=5C' OHWD=1.6 0HLX 18 OHRX=1

5 A =NAMEGLS GLASS2 *AREA-19 .5 *A7M=9(. NGLZ=1 UVAL=i.0:'6 GLSTYP-E XRFLCT . 

52', SGDISTWNTR AIR=.7 SLB=.3
 
33 SGDISTSrR AIR=.7 SLB=.3


5,4 SHADING' tWHEIGHT=4.96KtWWIDTH3..?94 OHDEFTH=50 OHWD=1.6 OHLX=i OHRX 18 
-GLASS NAME=NGLASSi *AREA=19.5 *AZM=180 NGLZ=l UVAL=I.0)6 GLSTYP=2 XRFLCT=
 

C .05 
56 SGDISTWNTR AIR=.5 SLB=.:4 XW=.1
 

7- SGDISTSMR AIR=.5 SLB=.4 XW=.1 
38! SHADING *WHEIGiT=3.94 *WWIDTH=4. 96 OHDEPTH=3. 3OHWD=4. OHLX= OHRX=42 
59 GLASS NAME=NGLASS2 *AREA=20.2 *AZM=18(') NGLZ=1 UVAL=1.)6 GLSTYF=2 XRFLCT= 

C6. 0SGDISTW NT R ,AIR=.9 SLB=.I '. .'. a 

"61 SGDISTSNR AIR=.9 SLB=.I.. 
62 SHADING *WiE IGHT=3.08 *WWIDTH=6. 56 OHDEPTH=3.3 OHWD=4.3 OHLX=13 OHRX=3 

63 GLASS NAME=NGLASS3* AREA=7.1 *AZM=180 NGLZ=1 IJVAL=I.(:)6 GLSTYF=2 XRFLCT=. 

L,4 ', SGDISTWNTR AIR= 1
 
65 SGDISTSIMIRAIR=1 TH.OH"EPTHHL
 
66 SHADING *WHEIGHT=2.13 *WWIDTH=3, 35 OHDEF'TH=3.3 OHWD=4.3 
 OHLX=23 OHRX=2
 

67 GLASS NAME=NrLASS4 *AREA-10.5 *AZM=18(') NGLZ=1 UVAL=1.(')6 GLSTYF=2XRFLCT= '<' 

lI8 SGDISTWNTR AIR=1
 
69' SGDISTSMR AI=il 
7C0 SHADING *WHEIGHT=2. 13 *WWIDTH=4.96 OHDEPTH=37..3: OHWD=4. 37 OHLX=71 OHRX 1

C 2 
.71 GLASS NAtE=IGLASS5 *AREA=19.5 *AZMI=180 NGLZ=l UVAL=I."6 GLST..F=2 X"FLCT
7 ...5
 
72 SGDISTWNTR AIR=.67 SLB=.S2 XFW=. I 

a'73b ll" SGDISTSMR AIR=. 7 SL - .2 XW=. 1
 
. 4 SHADING *WHEIGHT=394 
 *WWIDTH=4.96 OHDEPTH=3.:3. OHWD=4. 3 OHLX=40:: OHRX=:. 

75 
 "
 
76 INFIL ACE'ASEaib. ACTD=-. 0125 ACWIND=. 375 
77'
 
78 INTGAIN INTGAIN=22..6 SCHED=RES
 
79
 
80 ' VENT *TYFE=NATURAL AINLET=34.6 AOUTLET=6.5 HDIFF=9.8 DDEFF=.9 DIEFF= 

~~T c T O =1 0 TiHEATNiGHT=55.4 ::,' ,.. :''087 'TSTATSWNTR' THEAT=55. 4 TSRD=7-. 2TCL12:HENGH=.4' .
 

83 TSTATSSMR THEAT=55.4 TDSRD=71.6" TCOOL=12 ')
 

e5 G*UTEMP *GROUNDTEMPDBDAR . ' 
86
 
87 WINDFOCTOR .
 

89 F INTDAILY JAN1 JAN- 1
~7 W PRINTDAILV JUL-1 JUL --'1 

'9V PR INTHO0U RLY JAN 21 JAN 2 
a. a ' a..... .>,,, ,- ,, rage 14,, of, j d a 

7a-'~aa'L~l'n1 '~SAKA 4 OCT 84 09: 56: 11 

' 
1',,{ _4 b -, .: ' ',.,: ..
 ' a-:. 

'a Aa~i~~a h -"'a:'. "I- . 4'' "aa, G ' .a,-: ,a''' 'a 4AA - ¢! .:,'> -,aa : 

http:WWIDTH=4.96
http:WWIDTH=4.96
http:WHEIGHT=2.13
http:IGHT=3.08
http:WHEIGiT=3.94
http:WWIDTH=3.94


6AIWEEAB1 -'''>"'UI~r~t, 
 CALPAS3zV3. 11- 'Li'censb:A'PC(')tt~~ 

'abare WAWe at her. GABARONE.BA (GabarcnelBFPMOD 

?'~2tPINTHOURLY, JUL f21 JUL-2242422~ 

2~'94' *END
 

t*,*' No input errors. 

**._ Bein iilati ion.---i4OCT 64 22 

44 Hcutse energy impbalance for AFR Net=2......66 ItLt (0.0019) 

> :*Run complete. 
"2' 

{ ,.i 4: 


2,,.
 

R " n B .... t 

...  -i, 


4 > ! ....... 

, ., . ,. ...

2-4. 
 . . <,. -I, ,, - -:":i':
::-;:::i:i~T .i
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