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1 Introduction

ANSI/ASHRAE Standard 140-2007, Standard Method of Test (SMOT) for the Evaluation of
Building Energy Analysis Computer Programs [1], defines a series of tests for building
energy simulation programs. The tests fall into two categories: building envelope and
fabric load tests and HVAC equipment performance tests.

The building envelope and fabric load tests, which have their origin in the IEA 12B/21C
‘BESTEST’ diagnostic tests[2], require the simulation of a number of variants of a test
building. The test cases increase in complexity from a simple building shell without glazing,
infiltration or internal gains to comparatively realistic building types.

The aim of the tests is to identify and diagnose differences in predictions that may be
caused by software errors.

a. comparing the predictions from other building energy programs to the
example results provided in the informational Annex B8 and/or to other
results that were generated using this SMOT,

b. checking a program against a previous version of itself after internal code
modifications to ensure that only the intended changes actually resulted,

c. checking a program against itself after a single algorithmic change to
understand the sensitivity between algorithms,

d. diagnosing the algorithmic sources of prediction differences; diagnostic logic
flow diagrams are included in the informational Annex B9.

While the text of the Standard emphasises that all building models are simplifications of
reality, and full validation cannot be achieved by a single series of tests, the ASHRAE 140
tests provide a valuable benchmark by which the predictions of a simulation program may
be compared with those of its peers, as means to establishing a degree of confidence in
the correctness of its algorithms and their implementation.

A brief outline of the tests is provided. This is followed by a description of the modelling
assumptions and settings used to run the tests in the ApacheSim program.
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2 Overview of Tests

A full description of the tests, including input data, output reporting conventions and
terminology, is provided in the ASHRAE Standard. Here it will suffice to enumerate and
briefly describe the cases.

Figure 2.1 shows a sketch of the building which forms the subject of Case 600. This is
referred to in the Standard as the ‘Base Case’, of which all other cases are variants.

The building is a cuboid with one of its longer sides facing south. In Case 600 it has two
south-facing windows each of area 6m?.
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Figure 2.1 — Case 600 geometry

Two groups of cases are identified: ‘basic tests’ (cases 600-650 and 900-960) and ‘in-
depth’ tests (the remainder).

Each case consists of simulating a variant of the test building over a year using a Denver,
Colorado weather dataset. The cases explore different combinations of the following
parameters and settings:

Glazing: none, high conductance opaque panel or double glazed window
Glazing orientation: south or east/west

Glazing shading devices: none, overhang (south), overhang + side-fins (E/W)
Fabric: low-mass or high-mass construction

Infra-red emissivity of internal (¢ i) and external (¢ e) surfaces: 0.1 or 0.9
Solar-spectrum absorptance of internal (ai) and external (ai) surfaces: 0.1, 0.6, 0.9
Internal gains: O or 200W

Infiltration: 0.0, 0.5 or 1.0 ach

Heating and cooling: different setpoint combinations or no heating/cooling
Venting: an option using night ventilation and free cooling

Sunspace: Case 960 examines the effect of an attached sunspace
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The following simulation variables are specified for output:

Heating load

Cooling load

Air temperature

Incident solar gain on the various surfaces
Direct transmitted solar gain

In all the tests the issue of heat transfer with the ground is largely eliminated by the
inclusion of a thick layer of insulation in the floor construction.

Table 2.1 provides a summary of the test cases. The ‘basic’ cases are indicated by
underlining. Bold text indicates salient differences from previously listed cases. The table
is divided into sections covering different heating and cooling control regimes. For
example, ‘Setpoints 20, 27’ means heating to 20°C and cooling to 27°C. ‘Setback’ means
heating to 10°C overnight (2300-0700) and to 20°C at other times, with cooling to 27°C.
‘Venting’ means continuous night ventilation between 1800 and 0700, cooling to 27°C
during the rest of the day, and no heating.

Cases including the letters ‘FF’ test free-floating conditions with no heating or cooling.
Case 960 is a version of Case 600 with an attached sunspace. The outputs tested are
heating and cooling loads in the room and the temperature in the sunspace.
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Case Glazing Internal Infiltration
Low-mass High-mass Type Emissivity Absorptance Gains (ach)
€i €e Qi Qe (W)
Setpoints 20, 20
195 None 0.1 0.1 NA 01 0 0
200 Opaque 0.1 0.1 NA 01 0 0
210 Opaque 0.1 09 NA 01 0 0
215 Opaque 0.9 0.1 NA 01 0 0
220 Opaque 09 09 NA 01 0 0
230 Opaque 09 09 NA 01 0 1.0
240 Opaque 0.9 0.9 NA 01 200 0
250 Opaque 0.9 0.9 NA 0.9 0 0
270 South 09 09 09 01 0 0
280 South 09 09 01 01 0 0
290 S + shade 09 09 09 01 0 0
300 EasttWest 09 09 09 0.1 0 0
310 E/W +shade 0.9 09 09 0.1 0 0
Setpoints 20, 27
320 South 09 09 09 01 0 0
395 None 0.9 09 NA 01 0 0
400 Opaque 09 09 NA 01 0 0
410 Opaque 09 09 NA 01 0 0.5
420 Opaque 0.9 09 NA 01 200 0.5
430 800  Opaque 0.9 09 N/A 06 200 0.5
440 810 South 09 09 01 0.6 200 0.5
600, 600FF 900, 900FF South 09 09 06 0.6 200 0.5
610 910 S + shade 09 09 06 0.6 200 0.5
620 920 East/West 0.9 09 0.6 0.6 200 0.5
630 930 E/W +shade 0.9 09 06 0.6 200 0.5
Setback
640 940 South 09 09 06 0.6 200 0.5
Venting
650, 650FF 950, 950FF South 09 09 06 0.6 200 0.5
Sunspace
960 South 09 09 06 0.6 200 0.5
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3 Overview of ApacheSim

ApacheSim Models

Modelling options used in ApacheSim are set out in Appendix A, using the format specified
in the Standard.

ApacheSim Results

The ApacheSim results are presented graphically in Figures 1-326, alongside the results
for 8 other programs reported in ANSI/ASHRAE Standard 140-2007[1]. Results from the
program EnergyPlus version 1.1.0.020[6] are also included.

The results are presented in tabular form in the file ‘ASHRAE 140 ApacheSim.xlIs’, as
required by the Standard. This file contains certain additional data not included in this
report, including time series comparisons and binned temperature data for Case 900FF.




Building Envelope and Fabric Load Tests - ApacheSim

4 Notes on ApacheSim Results

The building envelope and fabric load tests set out in ANSI/ASHRAE Standard 140-2007
have been applied to the program ApacheSim, version <VE>2013. The ApacheSim results
are in good overall agreement with those from the reference programs. Out of 326 tests,
Apache predicted a value outside the range set by the other programs in only 17.
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Appendix A. ApacheSim Settings

STANDARD 140 OUTPUT FORM - MODELING NOTES

INSTRUCTIONS: See Annex A2.

SOFTWARE: ApacheSim

VERSION: <VE>2013

DOCUMENT BELOW THE MODELING METHODS USED IF ALTERNATIVE MODELING
METHODS OR ALGORITHMS ARE AVAILABLE IN THE SOFTWARE BEING TESTED.

(See Annex A2 for examples.)

Simulated Effect:
Solar radiation model.

Optional Settings or Modeling Capabilities:
Off, Anisotropic (default), Isotropic.

Setting or Capability Used:
Anisotropic.

Physical Meaning of Option Used:
Anisotropic short-wave sky model.

Simulated Effect:
Internal Heat Transfer

Optional Settings or Modeling Capabilities:
CIBSE fixed values (default), Alamdari & Hammond, CIBSE variable values

Setting or Capability Used:
CIBSE fixed values

Physical Meaning of Option Used:
Internal convection coefficients are fixed at values given in CIBSE Guide A. Note: external
convective heat transfer is treated using a wind-speed dependent algorithm.

Simulated Effect:
Initial temperature

Optional Settings or Modeling Capabilities:
Any temperature (default 18°C)

Setting or Capability Used:
18°C

Physical Meaning of Option Used:

10
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Temperature at which building is initialised before simulation. Has minimal effect provided
there is sufficient preconditioning.

Simulated Effect:
Time step

Optional Settings or Modeling Capabilities:
1, 2, 6, 10 or 30 minutes

Setting or Capability Used:
2 minutes

Physical Meaning of Option Used:
Simulation time step. A small time step was used for optimal accuracy.

Simulated Effect:
Reporting interval

Optional Settings or Modeling Capabilities:
6, 10, 30 or 60 minutes

Setting or Capability Used:
60 minutes

Physical Meaning of Option Used:
Time interval over which simulation results are averaged for output. 60 minutes was
chosen in accordance with the reporting instructions.

Simulated Effect:
Preconditioning period

Optional Settings or Modeling Capabilities:
Between 0 and 365 days (default 10 days)

Setting or Capability Used:
10 days

Physical Meaning of Option Used:

Number of days simulated in the run-up to the start of the specified simulation period. Has
minimal effect, provided the number of days is sufficiently large in relation to the response
time of the building.

Simulated Effect:
Direct solar shading and internal solar tracking calculated by the SunCast program

Optional Settings or Modeling Capabilities:
SunCast shading can be included or not, at the user’s option

Setting or Capability Used:
SunCast direct solar shading and internal solar tracking was used for all cases with
glazing.

11
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Physical Meaning of Option Used:

SunCast direct shading and internal solar tracking calculates the effect of shading of the
external surfaces of the building from the solar beam, and traces the solar beam through
glazing elements onto internal building surfaces. This is the method used to simulate the
direct shading effect of overhangs and side-fins. Solar tracking is an important feature of
Case 960 (sunspace).

Simulated Effect:
Diffuse shading calculated by the SunCast program

Optional Settings or Modeling Capabilities:
SunCast diffuse shading can be included or not, at the user’s option

Setting or Capability Used:
SunCast diffuse solar shading was used for all cases with glazing.

Physical Meaning of Option Used:

SunCast diffuse shading calculates the effect of shading of the external surfaces of the
building from short-wave radiation emanating from the sky vault. This is the method used
to simulate the diffuse shading effect of overhangs and side-fins.

Simulated Effect:
Infiltration

Optional Settings or Modeling Capabilities:
Room air exchanges, MacroFlo natural ventilation simulation program

Setting or Capability Used:
Room air exchanges

Physical Meaning of Option Used:
The infiltration rates were adjusted for the altitude of the site using the method described in
the Standard.

12
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Appendix B. Graphical Representation of Results
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Figures 1 - 35

Annual Heating Load
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Figure 1: Annual Heating - Case 195 (A1)
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Figure 2: Annual Heating - Case 200
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Figure 3: Annual Heating - Case 210
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Figure 4: Annual Heating - Case 215
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Figure 5: Annual Heating - Case 220
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Figure 6: Annual Heating - Case 230

1.63311 64! 11.709

12.2
1 10.37610-740

BLAST DOE2 W SRES/SUN  MSERIRES

M EnergyPlus O Apache Sim

8.000
7.000
6000
5000
=
24000
=
3000
2000
1.000
0.000

WESP

W 53PAS B TRNSYS BTASE

Figure 7: Annual Heating - Case 240
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Figure 8: Annual Heating - Case 250
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Figure 9: Annual Heating - Case 270
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Figure 10: Annual Heating - Case 280
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Figure 11: Annual Heating - Case 290
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Figure 12: Annual Heating - Case 300

7.000
6.000
5.000
=4.000
=3.000
2.000
1.000
0.000

MESP BLAST DOE2 W SRES/SUN  MSERIRES

W 53PAS B TRNSYS BTASE B EnergyPlus OApacheSim

Figure 13: Annual Heating - Case 310
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Figure 14: Annual Heating - Case 320
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Figure 15: Annual Heating - Case 395 (B1)
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Figure 16: Annual Heating - Case 400
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Figure 17: Annual Heating - Case 410
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Figure 18: Annual Heating - Case 420
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Figure 19: Annual Heating - Case 430
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Figure 20: Annual Heating - Case 440
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Figure 21: Annual Heating - Case 600
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Figure 22: Annual Heating - Case 610
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Figure 23: Annual Heating - Case 620
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Figure 24: Annual Heating - Case 630
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Figure 25: Annual Heating - Case 640
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Figure 26: Annual Heating - Case 650
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Figure 27: Annual Heating - Case 800 (H)
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Figure 28: Annual Heating - Case 810 (H)
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Figure 29: Annual Heating - Case 900 (H)
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Figure 30: Annual Heating - Case 910 (H)
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Figure 31: Annual Heating - Case 920 (H)
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Figure 32: Annual Heating - Case 930 (H)
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Figure 33: Annual Heating - Case 940 (H)
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Figure 34: Annual Heating - Case 950 (H)
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Figure 35: Annual Heating - Case 960
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Figures 36 - 70

Peak Heating Load
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Figure 36: Peak Heating - Case 195 (A1)

Figure 37: Peak Heating - Case 200
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Figure 38: Peak Heating - Case 210
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Figure 39: Peak Heating - Case 215
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Figure 40: Peak Heating - Case 220
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Figure 41: Peak Heating - Case 230
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Figure 42: Peak Heating - Case 240
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Figure 43: Peak Heating - Case 250
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Figure 44: Peak Heating - Case 270
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Figure 45: Peak Heating - Case 280
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Figure 46: Peak Heating - Case 290
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Figure 47: Peak Heating - Case 300
77
3328 3.455

4 36613743505

MESP BLAST DOE2

W SRES/SUN  MSERIRES

W 53PAS B TRNSYS ETASE B EnergyPlus OApacheSim

Figure 48: Peak Heating - Case 310
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Figure 49: Peak Heating - Case 320
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Figure 50: Peak Heating - Case 395 (B1)

Figure 51: Peak Heating - Case 400

205
4 3476 F695-3F0%

362

MESP BLAST DOE2 W SRES/SUN  MSERIRES

W53PAS BTRNSYS ETASE M EnergyPlus O ApacheSim

Figure 53: Peak Heating - Case 420
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Figure 52: Peak Heating - Case 410
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Figure 54: Peak Heating - Case 430
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Figure 55: Peak Heating - Case 440
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Figure 56: Peak Heating - Case 600
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Figure 57: Peak Heating - Case 610
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Figure 58: Peak Heating - Case 620
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Figure 59: Peak Heating - Case 630
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Figure 60: Peak Heating - Case 640
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Figure 62: Peak Heating - Case 800 (H)
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Figure 64: Peak Heating - Case 900 (H)
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Figure 61: Peak Heating - Case 650
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Figure 63: Peak Heating - Case 810 (H)
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Figure 65: Peak Heating - Case 910 (H)
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Figure 66: Peak Heating - Case 920 (H)

Figure 67: Peak Heating - Case 930 (H)
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Figure 68: Peak Heating - Case 940 (H)
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Figure 69: Peak Heating - Case 950 (H)

0 0 0 0 0 0 0 0 0 0

WESP BLAST DOE2 W SRES/SUN  MSERIRES

H53PAS B TRNSYS BTASE M EnergyPlus OApacheSim

Figure 70: Peak Heating - Case 960
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Figures 71 - 105

Annual Cooling Load
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Figure 71: Annual Cooling - Case 195 (A1)
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Figure 72: Annual Cooling - Case 200
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Figure 73: Annual Cooling - Case 210
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Figure 74: Annual Cooling - Case 215
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Figure 75: Annual Cooling - Case 220
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Figure 76: Annual Cooling - Case 230
11311139

1.020 1.040

0.985 1.001

BLAST DOE2

W SRES/SUM  MSERIRES

BTRNSYS ETASE M EnergyPlus OApacheSim

1400
1.200
1.000
= 0.500
= (.600
0.400
0.200
0.000

MESP

W 53PAS

Figure 77: Annual Cooling - Case 240
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Figure 78: Annual Cooling - Case 250
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Figure 79: Annual Cooling - Case 270
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Figure 80: Annual Cooling - Case 280
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Figure 81: Annual Cooling - Case 290
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Figure 82: Annual Cooling - Case 300
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Figure 83: Annual Cooling - Case 310

6.000
5135 2411

5.000

4.000
=
= 3000
=
2.000
1.000

0.000

MESP BLAST DOE2 W SRES/SUN  MSERIRES

H53PAS B TRNSYS BTASE M EnergyPlus OApacheSim

6.000
7.000

6.000 -

5000
=
= 4000
=
3000
2.000
1.000
0.000

WESP

H53PAS B TRNSYS ETASE

Figure 84: Annual Cooling - Case 320
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Figure 85: Annual Cooling - Case 395 (B1)
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Figure 86: Annual Cooling - Case 400

Figure 87: Annual Cooling - Case 410
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Figure 88: Annual Cooling - Case 420
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Figure 89: Annual Cooling - Case 430
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Figure 90: Annual Cooling - Case 440
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Figure 91: Annual Cooling - Case 600
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Figure 92: Annual Cooling - Case 610
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Figure 93: Annual Cooling - Case 620
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Figure 94: Annual Cooling - Case 630
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Figure 95: Annual Cooling - Case 640
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Figure 96: Annual Cooling - Case 650
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Figure 97: Annual Cooling - Case 800 (H)
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Figure 98: Annual Cooling - Case 810 (H)
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Figure 99: Annual Cooling - Case 900 (H)
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Figure 100: Annual Cooling - Case 910 (H)

2.000 1.872-1.854

1.767

1500

=
Z 1.000
=

0.500

0.000
WESP BLAST DOE2 WSRES/SUN MSERIRES

H53PAS BTRNSYS BTASE M EnergyPlus OApacheSim

27




Building Envelope and Fabric Load Tests - ApacheSim

3500
3.000
2500
=2.000
= 1500
1.000
0.500
0.000

Figure 101: Annual Cooling - Case 920 (H)
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Figure 102: Annual Cooling - Case 930 (H)
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Figure 103: Annual Cooling - Case 940 (H)
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Figure 104: Annual Cooling - Case 950 (H)
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Figure 105: Annual Cooling - Case 960
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Figures 106 - 140

Peak Cooling Load
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Figure 106: Peak Cooling - Case 195 (A1)

Figure 107: Peak Cooling - Case 200
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Figure 108: Peak Cooling - Case 210
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Figure 109: Peak Cooling - Case 215
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Figure 110: Peak Cooling - Case 220
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Figure 112: Peak Cooling - Case 240
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Figure 111: Peak Cooling - Case 230
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Figure 113: Peak Cooling - Case 250
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Figure 114: Peak Cooling - Case 270
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Figure 115: Peak Cooling - Case 280
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Figure 116: Peak Cooling - Case 290
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Figure 117: Peak Cooling - Case 300
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Figure 118: Peak Cooling - Case 310
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Figure 119: Peak Cooling - Case 320
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Figure 120: Peak Cooling - Case 395 (B1)
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Figure 121: Peak Cooling - Case 400
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Figure 122: Peak Cooling - Case 410
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Figure 123: Peak Cooling - Case 420
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Figure 124: Peak Cooling - Case 430
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Figure 125: Peak Cooling - Case 440
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Figure 126: Peak Cooling - Case 600
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Figure 127: Peak Cooling - Case 610

Figure 128: Peak Cooling - Case 620
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Figure 129: Peak Cooling - Case 630
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Figure 130: Peak Cooling - Case 640
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Figure 131: Peak Cooling - Case 650
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Figure 132: Peak Cooling - Case 800 (H)
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Figure 133: Peak Cooling - Case 810 (H)
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Figure 134: Peak Cooling - Case 900 (H)
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Figure 135: Peak Cooling - Case 910 (H)
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Figure 136: Peak Cooling - Case 920 (H)
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Figure 137: Peak Cooling - Case 930 (H)
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Figure 138: Peak Cooling - Case 940 (H)
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Figure 139: Peak Cooling - Case 950 (H)
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Figure 140: Peak Cooling - Case 960
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Building Envelope and Fabric Load Tests - ApacheSim

Figures 141 - 155

Free-Floating Temperatures
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Figure 141: Max Annual Hourly Zone Figure 142: Max Annual Hourly Zone
Temperature - Case 600FF Temperature - Case 900FF (H)
?EE T cro ooy 595 Gog. GIE] coemmE MO B 7 U8 434 40 5 B2 BE s
500 - 40.0
50.0 30.0
Q400 Q
300 - 20.0
2007 10.0
10.0 4 !

00 00

HESP BLAST DOEZ W SRES/SUN  MSERIRES WESP BLAST DOE2 W SRES/SUN  MSERIRES

H53pAS BTRNSYS BTASE M EnergyPlus OApacheSim H53pAS BTRNSYS BTASE M EnergyPlus OApacheSim

Figure 143: Max Annual Hourly Zone Figure 144: Max Annual Hourly Zone
Temperature - Case 650FF Temperature - Case 950FF (H)
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Figure 145: Max Annual Hourly Zone Figure 146: Min Annual Hourly Zone Temperature
Temperature - Case 960 - Case 600FF
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Figure 147: Min Annual Hourly Zone Temperature Figure 148: Min Annual Hourly Zone Temperature
- Case 900FF (H) - Case 650FF
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Figure 149: Min Annual Hourly Zone Temperature Figure 150: Min Annual Hourly Zone Temperature
- Case 950FF (H) - Case 960
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Figure 151: Average Annual Hourly Zone
Temperature - Case 600FF
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Figure 152: Average Annual Hourly Zone
Temperature - Case 900FF (H)
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Figure 153: Average Annual Hourly Zone
Temperature - Case 650FF
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Figure 154: Average Annual Hourly Zone
Temperature - Case 950FF (H)
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Figure 155: Average Annual Hourly Zone
Temperature - Case 960
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Building Envelope and Fabric Load Tests - ApacheSim

Figures 156 - 173

Low-mass Basic Sensitivity Tests
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Figure 156: Low Mass Basic Sensitivity Tests:
Annual Heating - Case 610 and 600 (overhang
added to south window)
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Figure 157: Low Mass Basic Sensitivity Tests:
Annual Heating - Case 620 and 600 (east / west
windows replace south window)
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Figure 158: Low Mass Basic Sensitivity Tests:
Annual Heating - Case 630 and 620 (side-fins &
overhangs added to east | west windows)
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Figure 159: Low Mass Basic Sensitivity Tests:
Annual Heating - Case 640 and 600 (night
set-back)
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Figure 160: Low Mass Basic Sensitivity Tests:
Annual Cooling - Case 610 and 600 (overhang
added to south window)
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Figure 161: Low Mass Basic Sensitivity Tests:
Annual Cooling - Case 620 and 600 (east / west
windows replace south window)
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Figure 162: Low Mass Basic Sensitivity Tests:
Annual Cooling - Case 630 and 620 (side-fins &
overhangs added to east | west windows)
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Figure 163: Low Mass Basic Sensitivity Tests:
Annual Cooling - Case 640 and 600 (night
set-back)
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Figure 164: Low Mass Basic Sensitivity Tests:
Annual Cooling - Case 650 and 600 (venting)
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Figure 165: Low Mass Basic Sensitivity Tests:
Peak Heating - Case 610 and 600 (overhang

added to south window)
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Figure 166: Low Mass Basic Sensitivity Tests:
Peak Heating - Case 620 and 600 (east / west
windows replace south window)
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Figure 167: Low Mass Basic Sensitivity Tests:
Peak Heating - Case 630 and 620 (side-fins &
overhangs added to east | west windows)
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Figure 168: Low Mass Basic Sensitivity Tests:
Peak Heating - Case 640 and 600 (night set-back)
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Figure 169: Low Mass Basic Sensitivity Tests:
Peak Cooling - Case 610 and 600 (overhang
added to south window)
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Figure 170: Low Mass Basic Sensitivity Tests:
Peak Cooling - Case 620 and 600 (east / west
windows replace south window)
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Figure 171: Low Mass Basic Sensitivity Tests:
Peak Cooling - Case 630 and 620 (side-fins &
overhangs added to east | west windows)
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Figure 172: Low Mass Basic Sensitivity Tests:
Peak Cooling - Case 640 and 600 (night set-back)
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Figure 173: Low Mass Basic Sensitivity Tests:
Peak Cooling - Case 650 and 600 (venting)
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Figures 174 - 185

High-mass Basic Sensitivity Tests - Heating
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Figure 174: High Mass Basic Sensitivity Tests:
Annual Heating - Case 900 and 600 (mass effect
with south window)
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Figure 175: High Mass Basic Sensitivity Tests:
Annual Heating - Case 910 and 900 (overhang

added to south window)
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Figure 176: High Mass Basic Sensitivity Tests:
Annual Heating - Case 920 and 900 (east / west
windows replace south window)
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Figure 177: High Mass Basic Sensitivity Tests:
Annual Heating - Case 930 and 920 (side-fins &
overhangs added to east | west windows)
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Figure 178: High Mass Basic Sensitivity Tests:
Annual Heating - Case 940 and 900 (night
set-back)
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Figure 179: High Mass Basic Sensitivity Tests:
Annual Heating - Case 960 and 900 (mass effect
with sunspace)
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Figure 180: High Mass Basic Sensitivity Tests:
Peak Heating - Case 900 and 600 (mass effect
with south window)
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Figure 181: High Mass Basic Sensitivity Tests:
Peak Heating - Case 910 and 900 (overhang
added to south window)
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Figure 182: High Mass Basic Sensitivity Tests:
Peak Heating - Case 920 and 900 (east / west
windows replace south window)
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Figure 183: High Mass Basic Sensitivity Tests:
Peak Heating - Case 930 and 920 (side-fins &
overhangs added to east | west windows)
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Figure 184: High Mass Basic Sensitivity Tests:
Peak Heating - Case 940 and 900 (night set-back)

5.842

WESP BLAST DOE2 W SRES/SUN  MSERIRES

H53PAS B TRNSYS ETASE M EnergyPlus OApacheSim

Figure 185: High Mass Basic Sensitivity Tests:
Peak Heating - Case 960 and 900 (mass effect
with sunspace)
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Figures 186 - 199

High-mass Basic Sensitivity Tests - Cooling
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Figure 186: High Mass Basic Sensitivity Tests:
Annual Cooling - Case 900 and 600 (mass effect
with south window)
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Figure 187: High Mass Basic Sensitivity Tests:
Annual Cooling - Case 910 and 900 (overhang
added to south window)
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Figure 188: High Mass Basic Sensitivity Tests:
Annual Cooling - Case 920 and 900 (east / west
windows replace south window)
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Figure 189: High Mass Basic Sensitivity Tests:
Annual Cooling - Case 930 and 920 (side-fins &
overhangs added to east | west windows)
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Figure 190: High Mass Basic Sensitivity Tests:
Annual Cooling - Case 940 and 900 (night
set-back)
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Figure 191: High Mass Basic Sensitivity Tests:
Annual Cooling - Case 950 and 900 (venting)
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Figure 192: High Mass Basic Sensitivity Tests:
Annual Cooling - Case 960 and 900 (mass effect
with sunspace)
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Figure 193: High Mass Basic Sensitivity Tests:
Peak Cooling - Case 900 and 600 (mass effect
with south window)
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Figure 194: High Mass Basic Sensitivity Tests:
Peak Cooling - Case 910 and 900 (overhang

added to south window)
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Figure 195: High Mass Basic Sensitivity Tests:
Peak Cooling - Case 920 and 900 (east / west
windows replace south window)
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Figure 196: High Mass Basic Sensitivity Tests:
Peak Cooling - Case 930 and 920 (side-fins &
overhangs added to east | west windows)
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Figure 197: High Mass Basic Sensitivity Tests:
Peak Cooling - Case 940 and 900 (night set-back)

Figure 198: High Mass Basic Sensitivity Tests:
Peak Cooling - Case 950 and 900 (venting)
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Figure 199: High Mass Basic Sensitivity Tests:
Peak Cooling - Case 960 and 900 (mass effect
with sunspace)
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Figures 200 - 227

Low-mass In-Depth Sensitivity Tests Cases 195-320:
Heating
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Figure 200: Low Mass In-Depth Sensitivity Tests:
Annual Heating - Case 200 and 195 (opaque
panel replaces wall)

2500

1.961
2000 1564 LT151563 1661 |

1524
= 1500
=1000

0500 -

0.000 -

WESP BLAST DOE2 SRES/SUM  MSERIRES

H53pAS BTRNSYS BTASE M EnergyPlus OApacheSim

Figure 201: Low Mass In-Depth Sensitivity Tests:
Annual Heating - Case 210 and 200 (external

Figure 202: Low Mass In-Depth Sensitivity Tests:
Annual Heating - Case 220 and 215 (external
emissivity)
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Figure 204: Low Mass In-Depth Sensitivity Tests:
Annual Heating - Case 220 and 210 (internal
emissivity)
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Figure 206: Low Mass In-Depth Sensitivity Tests:
Annual Heating - Case 240 and 220 (internal

gains)
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Figure 208: Low Mass In-Depth Sensitivity Tests:
Annual Heating - Case 270 and 220 (south
window replaces opaque panel)
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Figure 203: Low Mass In-Depth Sensitivity Tests:
Annual Heating - Case 215 and 200 (internal
emissivity)
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Figure 205: Low Mass In-Depth Sensitivity Tests:
Annual Heating - Case 230 and 220 (infiltration)
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Figure 207: Low Mass In-Depth Sensitivity Tests:
Annual Heating - Case 250 and 220 (external
solar absorptance)
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Figure 209: Low Mass In-Depth Sensitivity Tests:
Annual Heating - Case 280 and 270 (internal solar
absorptance)
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Figure 210: Low Mass In-Depth Sensitivity Tests:
Annual Heating - Case 320 and 270 (cooling
setpoint)
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Figure 211: Low Mass In-Depth Sensitivity Tests:
Annual Heating - Case 290 and 270 (south
window overhang)
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Figure 212: Low Mass In-Depth Sensitivity Tests:
Annual Heating - Case 300 and 270 (east / west
windows)
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Figure 213: Low Mass In-Depth Sensitivity Tests:
Annual Heating - Case 310 and 300 (east / west
side-fins & overhangs)
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Figure 214: Low Mass In-Depth Sensitivity Tests:
Peak Heating - Case 200 and 195 (opaque panel
replaces wall)
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Figure 215: Low Mass In-Depth Sensitivity Tests:
Peak Heating - Case 210 and 200 (external
emissivity)
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Figure 216: Low Mass In-Depth Sensitivity Tests:
Peak Heating - Case 220 and 215 (external
emissivity)
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Figure 217: Low Mass In-Depth Sensitivity Tests:
Peak Heating - Case 215 and 200 (internal
emissivity)
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Figure 218: Low Mass In-Depth Sensitivity Tests:
Peak Heating - Case 220 and 210 (internal
emissivity)
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Figure 219: Low Mass In-Depth Sensitivity Tests:
Peak Heating - Case 230 and 220 (infiltration)
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Figure 221: Low Mass In-Depth Sensitivity Tests:
Peak Heating - Case 250 and 220 (external solar

absorptance)
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Figure 223: Low Mass In-Depth Sensitivity Tests:
Peak Heating - Case 280 and 270 (internal solar
absorptance)
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Figure 225: Low Mass In-Depth Sensitivity Tests:
Peak Heating - Case 290 and 270 (south window

overhang)
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Figure 220: Low Mass In-Depth Sensitivity Tests:
Peak Heating - Case 240 and 220 (internal gaiuns]
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Figure 222: Low Mass In-Depth Sensitivity Tests:
Peak Heating - Case 270 and 220 (south window
replaces opaque panel)
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Figure 224: Low Mass In-Depth Sensitivity Tests:
Peak Heating - Case 320 and 270 (cooling
setpoint)
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Figure 226: Low Mass In-Depth Sensitivity Tests:
Peak Heating - Case 300 and 270 (east / west
windows)
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Figure 227: Low Mass In-Depth Sensitivity Tests:
Peak Heating - Case 310 and 300 (east/ west
side-fins & overhangs)
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Figures 228 - 255

Low-mass In-Depth Sensitivity Tests Cases 195-320:
Cooling
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Figure 228: Low Mass In-Depth Sensitivity Tests:
Annual Cooling - Case 200 and 195 (opaque
panel replaces wall)
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Figure 229: Low Mass In-Depth Sensitivity Tests:
Annual Cooling - Case 210 and 200 (external
emissivity)
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Figure 230: Low Mass In-Depth Sensitivity Tests:
Annual Cooling - Case 220 and 215 (external
emissivity)
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Figure 231: Low Mass In-Depth Sensitivity Tests:
Annual Cooling - Case 215 and 200 (internal

emissivity)
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Figure 232: Low Mass In-Depth Sensitivity Tests:
Annual Cooling - Case 220 and 210 (internal
emissivity)
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Figure 233: Low Mass In-Depth Sensitivity Tests:
Annual Cooling - Case 230 and 220 (infiltration)
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Figure 234: Low Mass In-Depth Sensitivity Tests:
Annual Cooling - Case 240 and 220 (internal
gains)
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Figure 235: Low Mass In-Depth Sensitivity Tests:
Annual Cooling - Case 250 and 220 (external
solar absorptance)
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Figure 236: Low Mass In-Depth Sensitivity Tests:
Annual Cooling - Case 270 and 220 (south
window replaces opaque panel)
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Figure 237: Low Mass In-Depth Sensitivity Tests:
Annual Cooling - Case 280 and 270 (internal
solar absorptance)
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Figure 238: Low Mass In-Depth Sensitivity Tests:
Annual Cooling - Case 320 and 270 (cooling

setpoint)
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Figure 239: Low Mass In-Depth Sensitivity Tests:
Annual Cooling - Case 290 and 270 (south
window overhang)
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Figure 240: Low Mass In-Depth Sensitivity Tests:
Annual Cooling - Case 300 and 270 (east | west

windows)
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Figure 241: Low Mass In-Depth Sensitivity Tests:
Annual Cooling - Case 310 and 300 (east / west
side-fins & overhangs)
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Figure 242: Low Mass In-Depth Sensitivity Tests:
Peak Cooling - Case 200 and 195 (opaque panel
replaces wall)
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Figure 243: Low Mass In-Depth Sensitivity Tests:
Peak Cooling - Case 210 and 200 (external

emissivity)
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Figure 244 Low Mass In-Depth Sensitivity Tests:
Peak Cooling - Case 220 and 215 (external

emissivity)
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Figure 245: Low Mass In-Depth Sensitivity Tests:
Peak Cooling - Case 215 and 200 (internal

emissivity)
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Figure 246: Low Mass In-Depth Sensitivity Tests:
Peak Cooling - Case 220 and 210 (internal
emissivity)
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Figure 247: Low Mass In-Depth Sensitivity Tests:
Peak Cooling - Case 230 and 220 (infiltration)
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Figure 248: Low Mass In-Depth Sensitivity Tests:
Peak Cooling - Case 240 and 220 (internal gains)
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Figure 249: Low Mass In-Depth Sensitivity Tests:
Peak Cooling - Case 250 and 220 (external solar
absorptance)
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Figure 250: Low Mass In-Depth Sensitivity Tests:
Peak Cooling - Case 270 and 220 (south window
replaces opaque panel)

6.625
6 1 579 5475 5.8%4 5.604 5565 5654 5.501

MESP BLAST DOE2 SRES/SUN  MSERIRES

W 53PAS B TRNSYS BTASE M EnergyPlus OApacheSim

Figure 251: Low Mass In-Depth Sensitivity Tests:
Peak Cooling - Case 280 and 270 (internal solar
o absorptance)
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Figure 252: Low Mass In-Depth Sensitivity Tests:
Peak Cooling - Case 320 and 270 (cooling
setpoint)
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Figure 254: Low Mass In-Depth Sensitivity Tests:
Peak Cooling - Case 300 and 270 (east / west
windows)
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Figure 253: Low Mass In-Depth Sensitivity Tests:
Peak Cooling - Case 290 and 270 (south window
overhang) 0
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Figure 255: Low Mass In-Depth Sensitivity Tests:
Peak Cooling - Case 310 and 300 (east / west
si%e-ﬂns & overhangs) 0
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Figures 256 - 267

Low-mass In-Depth Sensitivity Tests Cases 395-440:
Heating
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Figure 256: Low Mass In-Depth Sensitivity Tests:
Annual Heating - Case 400 and 395 (opaque
panel replaces wall)
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Figure 257: Low Mass In-Depth Sensitivity Tests:
Annual Heating - Case 410 and 400 (infiltration)
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Figure 258: Low Mass In-Depth Sensitivity Tests:
Annual Heating - Case 420 and 410 (internal
gains)
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Figure 259: Low Mass In-Depth Sensitivity Tests:
Annual Heating - Case 430 and 420 (external

solar absorptance)
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Figure 260: Low Mass In-Depth Sensitivity Tests:
Annual Heating - Case 600 and 430 (south
window replaces opaque panel)
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Figure 261: Low Mass In-Depth Sensitivity Tests:
Annual Heating - Case 440 and 600 (internal solar

absorptance)
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Figure 262: Low Mass In-Depth Sensitivity Tests:
Peak Heating - Case 400 and 395 (opaque panel

Figure 263: Low Mass In-Depth Sensitivity Tests:
Peak Heating - Case 410 and 400 (infiltration)

;
0.844 0.885
o 0757 07920792 f Q778079 o0

replaces wall)
15
o 137 1318 125
1071 - 1.079 1118 Wb
1
E:
05
0
WESP BLAST DOE2 SRES/SUN  MSERIRES
W53PAS BTRNSYS BTASE M EnergyPlus OApache Sim
Figure 264: Low Mass In-Depth Sensitivity Tests:
Peak Heating - Case 420 and 410 (internal gaiﬂns]
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Figure 265: Low Mass In-Depth Sensitivity Tests:
Peak Heating - Case 430 and 420 (external solar
absorptance)
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Figure 266: Low Mass In-Depth Sensitivity Tests:
Peak Heating - Case 600 and 430 (south window
replaces opaque panel)

0.25 02217
0.2

0.15

01
0.05
U 4

0.006 0 0

-0.005-0.004-0.005 -0.007
0.05 - 0029 o0

WESP BLAST DOE2 SRES/SUN  MSERIRES

W 53PAS B TRNSYS BTASE M EnergyPlus OApacheSim

Figure 267: Low Mass In-Depth Sensitivity Tests:
Peak Heating - Case 440 and 600 (internal solar
absorptance)
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Figures 268 - 279

Low-mass In-Depth Sensitivity Tests Cases 395-440:
Cooling
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Figure 268: Low Mass In-Depth Sensitivity Tests:
Annual Cooling - Case 400 and 395 (opaque
panel replaces wall)
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Figure 269: Low Mass In-Depth Sensitivity Tests:
Annual Cooling - Case 410 and 400 (infiltration)
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Figure 270: Low Mass In-Depth Sensitivity Tests:
Annual Cooling - Case 420 and 410 (internal
gains)
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Figure 271: Low Mass In-Depth Sensitivity Tests:
Annual Cooling - Case 430 and 420 (external
solar absorptance)
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Figure 272: Low Mass In-Depth Sensitivity Tests:
Annual Cooling - Case 600 and 430 (south
window replaces opaque panel)
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Figure 273: Low Mass In-Depth Sensitivity Tests:
Annual Cooling - Case 440 and 600 (internal
solar absorptance)
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Figure 274: Low Mass In-Depth Sensitivity Tests:
Peak Cooling - Case 400 and 395 (opaque panel
replaces wall)
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Figure 275: Low Mass In-Depth Sensitivity Tests:
Peak Cooling - Case 410 and 400 (infiltration)

Figure 276: Low Mass In-Depth Sensitivity Tests:
Peak Cooling - Case 420 and 410 (internal gains)
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Figure 277: Low Mass In-Depth Sensitivity Tests:
Peak Cooling - Case 430 and 420 (external solar
absorptance)
2
1.657
15
A 0.849 Q 0.886 |
g1 ST TS 0701 g 537
05
0 -
WESP BLAST DOEZ SRES/SUM  MSERIRES
H53pAS BTRNSYS BTASE M EnergyPlus OApacheSim

58




Building Envelope and Fabric Load Tests - ApacheSim

Figure 278: Low Mass In-Depth Sensitivity Tests:
Peak Cooling - Case 600 and 430 (south window
replaces opaque panel)
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Figure 279: Low Mass In-Depth Sensitivity Tests:
Peak Cooling - Case 440 and 600 (internal solar

o absorptance) 0
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Figures 280 - 293

High-mass In-Depth Sensitivity Tests Cases 800-950:
Heating
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Figure 280: Basic and In-Depth Sensitivity Tests:
Annual Heating - Case 800 and 430 (mass effect
with opaque panel)
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Figure 281: Basic and In-Depth Sensitivity Tests:
Annual Heating - Case 900 and 800 (south
window replaces opaque panel)

-4.000
E—3.820
5000 4343 PR ETEN i = 1854
-6.000 5-356
WESP BLAST DOE2 SRES/SUM  MSERIRES
H53pAS BTRNSYS BTASE M EnergyPlus OApacheSim

Figure 282: Basic and In-Depth Sensitivity Tests:
Annual Heating - Case 900 and 810 (internal solar
absorptance)
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Figure 283: Basic and In-Depth Sensitivity Tests:
Annual Heating - Case 910 and 610 (mass effect
with shaded south window)
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Figure 284: Basic and In-Depth Sensitivity Tests:
Annual Heating - Case 920 and 620 (mass effect
with east | west windows)
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Figure 285: Basic and In-Depth Sensitivity Tests:
Annual Heating - Case 930 and 630 (mass effect
with shaded east/ west windows)

Figure 286: Basic and In-Depth Sensitivity Tests:
Annual Heating - Case 940 and 640 (mass effect
with south window & night set-back)
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Figure 287: High Mass Basic and In-Depth
Sensitivity Tests: Peak Heating - Case 800 and
430 (mass effect with opaque panel)
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Figure 288: High Mass Basic and In-Depth
Sensitivity Tests: Peak Heating - Case 900 and
800 (south window replaces opaque paneH
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Figure 289: High Mass Basic and In-Depth
Sensitivity Tests: Peak Heating - Case 900 and
810 [int%rnal solar absorptance)
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KW

Figure 290: High Mass Basic and In-Depth
Sensitivity Tests: Peak Heating - Case 910 and
610
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Figure 291: High Mass Basic and In-Depth
Sensitivity Tests: Peak Heating - Case 920 and

kW

Figure 292: High Mass Basic and In-Depth
Sensitivity Tests: Peak Heating - Case 930 and
630 (mass effect with shaded east / west

windows)
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Figure 293: High Mass Basic and In-Depth
Sensitivity Tests: Peak Heating - Case 940 and
640 (mass effect with south window & night
set-back)
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Figures 294 - 309

High-mass In-Depth Sensitivity Tests Cases 800-950:
Cooling
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Figure 294: High Mass Basic and In-Depth
Sensitivity Tests: Annual Cooling - Case 800 and
430 (mass effect with opaque panel)
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Figure 295: High Mass Basic and In-Depth
Sensitivity Tests: Annual Cooling - Case 900 and
800 (south window replaces opaque panel)
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Figure 296: High Mass Basic and In-Depth
Sensitivity Tests: Annual Cooling - Case 900 and
810 (internal solar absorptance)
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Figure 297 High Mass Basic and In-Depth
Sensitivity Tests: Annual Cooling - Case 910 and
610 (mass effect with shaded south window)
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Figure 298: High Mass Basic and In-Depth
Sensitivity Tests: Annual Cooling - Case 920 and
620 (mass effect with east / west windows)
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Figure 299: High Mass Basic and In-Depth
Sensitivity Tests: Annual Cooling - Case 930 and
630 (mass effect with shaded east / west

windows)
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Figure 300: High Mass Basic and In-Depth
Sensitivity Tests: Annual Cooling - Case 940 and
640 (mass effect with south window & night

set-back)
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Figure 301: High Mass Basic and In-Depth
Sensitivity Tests: Annual Cooling - Case 950 and
650 (mass effect with south window & venting)
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Figure 302: High Mass Basic and In-Depth
Sensitivity Tests: Peak Cooling - Case 800 and
430 (mass efect with opaque panel)
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Figure 303: High Mass Basic and In-Depth
Sensitivity Tests: Peak Cooling - Case 900 and
800 (south window replaces opaque panel)
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Figure 304: High Mass Basic and In-Depth Figure 305: High Mass Basic and In-Depth
Sensitivity Tests: Peak Cooling - Case 900 and Sensitivity Tests: Peak Cooling - Case 910 and
810 (internal solar absorptance) 610 (mass effect with shaded south window)
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Figure 306: High Mass Basic and In-Depth Figure 307: High Mass Basic and In-Depth
Sensitivity Tests: Peak Cooling - Case 920 and Sensitivity Tests: Peak Cooling - Case 930 and
620 (mass effect with east / west windows) 630 (mass effect with shaded east | west
0 - windows)
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Figure 308: High Mass Basic and In-Depth Figure 309: High Mass Basic and In-Depth
Sensitivity Tests: Peak Cooling - Case 940 and Sensitivity Tests: Peak Cooling - Case 950 and
640 (mass effect with south window & night 650 (mass effect with south window & venting)
set-back)
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Figures 310 - 326

Solar radiation tests
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Figure 310: Hourly Incident Solar
Radiation South Surface, March 5th -

Case 600 OR 900
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Figure 311: Hourly Incident Solar
Radiation West Surface, March 5th -
Case 600 OR 900
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Figure 312: Hourly Incident Solar
Radiation South Surface, July 27th -
Case 600 OR 900
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Figure 313: Hourly Incident Solar
Radiation West Surface, July 27th -
Case 600 OR 900
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Figure 314: Annual Incident Total Solar Radiation
- Case 600 OR 900 (North)
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Figure 315: Annual Incident Total Solar Radiation

Figure 316: Annual Incident Total Solar Radiation
- Case 600 OR 900 (West)
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Figure 318: Annual Incident Total Solar Radiation
- Case 600 OR 900 (Horizontal)
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- Case 600 OR 900 (East)
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Figure 317: Annual Incident Total Solar Radiation
- Case 600 OR 900 (South)
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Figure 319: Annual Unshaded Transmitted Solar
Radiation - Case 920 (West)
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kWh/m2

Figure 320: Annual Unshaded Transmitted Solar
Radiation - Case 900 (South)
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Figure 321: Annual Shaded Transmitted Solar
Radiation - Case 930 (West)
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Figure 322: Annual Shaded Transmitted Solar
Radiation - Case 910 (South)
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Figure 323: Annual Transmissivity Coefficient of
Windows - Case 920 (West)
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Figure 324: Annual Transmissivity Coefficient of
Windows - Case 900 (South)
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Figure 325: Annual Shading Coefficient of
Window Shading Devices: Overhangs & Fins -

Case 930 and 920 (West)
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Figure 326: Annual Shading Coefficient of
Window Shading Devices: Overhangs & Fins -

Case 910 and 900 {South)
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