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3.0 Final Results from Reference Programs: Tables and Graphs

This work is divided into two volumes. Volume 1 contains the test case specifications and is a user’s
manual for anyone wishing to test a computer program. Volume 2 contains the reference results and
suggestions for accrediting agencies on how to use and interpret the results.

Tier 1 reference results are included in the figures and tables of Section 3.4. Tier 2 reference results are
presented in the figures and tables of Section 3.5. These results include tables and graphs of annual
heating and cooling loads and tables of monthly heating and cooling loads. Additional "delta" tables and
graphs show the differences between annual loads (sensitivity to variations) for each case relative to an
appropriate base case.

The following programs were used to generate the reference results:

* BLAST 3.0 Level 215
* DOE2.1E - W54
* SUNCODE 5.7.

BLAST is the program the U.S. Department of Defense uses for energy efficiency improvements to its
buildings (see BLAST User Reference, Volumes I and 2). DOE2.1E is considered to be the most advanced
of the programs sponsored by the U.S. Department of Energy and is the technical basis for setting national
building energy codes and standards in the United States (DOE-2 Reference Manual [May 1981]; DOE-2
Supplement [January 1994]). SUNCODE is based on the public domain program SERIRES-1.0 developed
by the National Renewable Energy Laboratory (Palmiter ef al.).

In the reference results, the following convention identifies the climate corresponding to a result:

* Cases ending in "AC" (e.g., L1I00AC) are for Colorado Springs, Colorado.
* Cases ending in "AL" (e.g., L100AL) are for Las Vegas, Nevada.

Because reference results for slab-on-grade ground coupling include two sets of results generated using

Colorado Springs weather data (see Section 3.3), the following labeling convention applies to Cases 1.302
and L304: .

* Cases ending in "BC" (e.g., L302BC) are additional outputs using more detailed ground coupling
methods.

* Use of the "AB" suffix in figures designates the combined results of specific "AC" and "BC" outputs
(e.g., L302AB includes all L302AC and L302BC outputs).

Reference results for basement ground coupling include four sets of results generated using Colorado
Springs weather data (see Section 3.3). These additional results were required to cover all modeling
approaches resulting from two possible ground coupling models and two possible zoning models. The
following labeling convention applies to Cases 1.322 and 1L.324:

+ Cases ending in "Al" (e.g., L322A1) use the ASHRAE method for modeling ground coupling with the
entire building modeled as a single zone.

+ Cases ending in "A2" (e.g., L322A2) use the ASHRAE method for modeling ground coupling with the
main floor and basement modeled as separate zones.

* Cases ending in "B1" (e.g., L322B1) use more detailed ground coupling methods with the entire
building modeled as a single zone.

» Cases ending in "B2" (e.g., L322B2) use more detailed ground coupling methods with the main floor
and basement modeled as separate zones.



* Use of the "AB" suffix in figures designates the combined results of specific "A1," "A2," "B1," and
"B2" outputs (e.g., L322AB includes the 1L322A1, L322A2, L.322B1, and L322B2 outputs).

The diskette included with Volume 2 contains the following:

* HERS4.WK3—Lotus 3.1 spreadsheet file containing reference results and calculations for example
range setting. A brief index of the spreadsheet contents is given, starting in cell a:al of the spreadsheet,
and appropriate spreadsheet addresses are given in small font in the tables.

* HERS4.FM3—Lotus 3.1 WYSIWYG format file for HERS4.WK3

* BLAST.ZIP—Compressed input files for BLAST 3.0 reference simulations

* DOE2.ZIP—Compressed input files including custom window library (W4LIB.DAT) for DOE2.1E
reference simulations

* SUNCODE.ZIP—Compressed input files for SERIRES/SUNCODE 5.7 reference simulations

* PKUNZIP.EXE—Decompression utility

* README.TXT—Directions for data decompression.

3.1 Comparing with HERS Programs that Designate Heating and Cooling Seasons

Tables of reference monthly heating and cooling load results are provided for comparing HERS tools that
designate heating and cooling seasons. For proper comparison with these types of HERS tools, simply
sum the appropriate reference monthly load results for the given heating or cooling season. For comparing
HERS tools that have heating or cooling seasons, or both, beginning/ending during mid-month, linearly
interpolate the monthly reference results for given months as appropriate.

"Delta” results were not tabulated for the monthly results. To develop reference "delta" results for
comparison with a HERS tool that designates heating and cooling seasons, do the following. For each
set of cases that was compared in the tabulation of the annual "delta" results (see Table 3-2 of Section 3.4
and Table 3-6 of Section 3.5), take the differences of the seasonal sum of monthly reference results (sums
per above paragraph). The spreadsheet file on the diskette accompanying this report is helpful for
generating seasonal absolute and "delta" results as needed.

3.2 Example Pass/Fail Criteria

A program may be thought of as having successfully passed through the test series when its results
compare favorably with passing ranges based on the reference program outputs on a case-by-case and
sensitivity basis (difference or delta [A] between certain cases). An example for developing pass/fail
criteria based on these results is given in Section 4. The certifying agency may choose to use the example
pass/fail criteria of Section 4, or it may choose to develop its own pass/fail criteria.

3.3 Discussion of Selected Results

3.3.1 Detailed Ground Coupling Analysis Results for Cases L302B, L304B, L322B,
and L324B

The results for two types of ground coupling models included in Section 3.4 effectively widen the range
of reference results outputs (i.e, ease the passing criteria) for cases that include ground coupling analysis.
This was done in case a HERS provider is using a more sophisticated algorithm than the application of
ASHRAE steady-state heat transfer coefficients.



Case descriptions for the more detailed simulations of ground coupling in Cases L302B, L304B, 1L322B,
and L324B are provided in Appendix G (Volume 1). Some issues regarding simulation of detailed ground
coupling with the reference software are noted below.

In BLAST and DOE2.1E, the mathematical algorithms limit the amount of mass that these programs can
effectively model. Where soil thickness (conduction path length) was greater than what a program could
handle (generally 2-3 feet, depending on the case), an allowable soil amount was provided and the
remaining thickness modeled as steady-state resistance.

In running the reference simulations, which are restricted to one-dimensional heat-flow modeling, the
following methods were applied to approximate solar incidence on soil adjacent to the house:

* In BLAST, DOE2.1E, and SERIRES/SUNCODE, slab floors were associated with a skyward-facing,
horizontal solar-receiving surface, and exterior solar absorptance was reduced from 0.6 to 0.375 to
account for shading half of direct beam radiation at any given time. Because BLAST automatically
accounts for shading by the building, the horizontal receiving surface was located on the south side of
the building to avoid double counting the shading effect.

* In DOE2.1E and SERIRES/SUNCODE, below-grade walls were associated with a skyward-facing,
horizontal solar-receiving surface, and exterior solar absorptance was reduced from 0.6 to 0.375 to
account for shading half of direct beam radiation at any given time.

* In BLAST, below-grade walls were associated with skyward-facing, horizontal solar-receiving surfaces,
exterior solar absorptance was kept at 0.6, and the horizontal receiving surfaces were positioned to be
automatically shaded by the building.

3.3.2 Additional Basement Results for One- and Two-Zone Models

HERS BESTEST allows Cases L322A and L324A (basement series) to be modeled as one large zone or
as two smaller zones (main floor and basement as separate zones) as described in the Volume 1 case
descriptions. In certain cases, there was enough variation between the one- and two-zone results to justify
publishing a complete set of both results. Therefore, the basement results include four outputs for each
reference simulation of each case:

* ASHRAE simplified ground coupling, one zone (output designation = A1)
* ASHRAE simplified ground coupling, two zone (output designation = A2)
* Detailed ground coupling, one zone (output designation = B1)
* Detailed ground coupling, two zone (output designation = B2).

Because there are three reference simulation programs, there are a total of 12 reference outputs for each
basement case.

3.3.3 Exterior Surface Coefficient Effects

Part of the spread among the reference results can be explained by different assumptions regarding
treatment of heat transfer between external surfaces and the surrounding environment. This is especially
evident in the Case L200A heating load output. A sensitivity test with SERIRES/SUNCODE, when
comparing results using the combined exterior surface coefficients specified in Volume 1 versus those
calculated by DOE2.1E (DOE2.1E’s annualized average was input to SERIRES/SUNCODE), indicates the
following annual heating loads for Case L200A:



* SERIRES/SUNCODE with Volume 1 exterior surface coefficient: 168 MBtu/y heating
* SERIRES/SUNCODE with DOE2.1E calculated exterior surface coefficient: 151 MBtu/y heating.

The roughly 10% effect of this parameter represents a legitimate algorithmic difference between the
reference programs. However, future research examining the preferred use of one algorithm over the other
is justified by the magnitude of this effect.



3.4 Tier 1 Reference Results

The following figures and tables present the Tier 1 reference results.

Figure 3-1. HERS BESTEST Tier 1 reference results—annual heating load (L100AC through
L170AC) for Colorado Springs, CO

Figure 3-2. HERS BESTEST Tier 1 reference results—annual heating load (L200AC through
L324AB) for Colorado Springs, CO

Figure 3-3. HERS BESTEST Tier 1 reference results—delta annual heariﬁg load (L100AC through
L170AC) for Colorado Springs, CO

Figure 3-4. HERS BESTEST Tier 1 reference results—delta annual heating load (L200AC through
L324AB) for Colorado Springs, CO

Figure 3-5. HERS BESTEST Tier 1 reference results—annual cooling load for Las Vegas, NV

Figure 3-6. HERS BESTEST Tier 1 reference results—delta annual cooling load for
Las Vegas, NV

Table 3-1. HERS BESTEST Tier 1 reference results—Annual Heating and Cooling Loads
Table 3-2. HERS BESTEST Tier 1 Reference Results—Delta Annual Heating and Cooling Loads

Table 3-3. HERS BESTEST Tier 1 Reference Results—Monthly Heating Loads for Cases L100AC
through L202AC

Table 3-4. HERS BESTEST Tier 1 Reference Results—Monthly Heating Loads for Cases L302AC
through 1.324B2

Table 3-5. HERS BESTEST Tier 1 Reference Results—Monthly Cooling Loads for Cases L100AL
through L202AL



I High and Low Results
hahq1-6.ch3; Sep 07, 1995

Figure 3-1. HERS BESTEST Tier 1 reference results—annual heating load
(L100AC through L170AC) for Colorado Springs, CO
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Figure 3-2

. HERS BESTEST Tier 1 reference results—annual heating load
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Figure 3-3. HERS BESTEST Tier 1 reference results—delta annual heating load
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Figure 3-4. HERS BESTEST Tier 1 reference results—delta annual heating load
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Table 3-1.

HERS BESTEST Tier 1 Reference Results
Annual Heating and Cooling Loads

Colorado Spring, CO

Las Vegas, NV

Annual Heating (MBtu/y) SERIRES/|| Annual Cooling (MBtury) SERIRES/
Case # BLAST DOE2 SUNCODE | Case # BLAST DOE2 SUNCODE
L100AC 61.94 58.00 72.40||L100AL 54.66 60.80 59.32
L110AC 85.93 81.36 96.52{L110AL 57.70 63.83 63.16
L120AC 50.27 45.08 57.83||L120AL 51.34 56.14 55.01
L130AC 46.34 45.82 49.98||L130AL 36.95 - 41.26 38.92
L140AC 49.14 47.24 52.48|L140AL 23.52 26.54 24.65
L150AC 54.92 49.47 64.03||L150AL 67.72 77.35 72.04
L155AC 57.38 52.28 66.91|L155AL 54.08 59.06 57.51
L160AC . 62.88 58.28 73.50L160AL 62.61 68.68 67.60
L170AC 73.06 71.64 85.45{ L170AL 45.83 49.06 49.31
L200AC 133.97 136.12 168.33| L200AL 65.70 73.10 76.71
L202AC 137.46 142.06 172.54||L202AL 59.61 62.24 70.58
L302AC 7048 67.43 82.90
L302BC 65.25 60.12 73.10
L304AC 60.06 56.62 69.15
L3048BC 55.59 50.11 61.58
L322A1 91.66 88.27 105.94
L322A2 92.50 86.33 107.69
L322Bt 81.82 77.71 92.38
L322B2 87.97 82.87 92.11
L324A1 64.90 61.10 72.56
L324A2 65.02 60.31 73.47
L324B1 56.57 50.38 62.44
L324B2 60.40 51.88 65.30
hers4.wk3 f:al..i31; 25-Sep-95
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Table 3-2. HERS BESTEST Tier 1 Reference Results
Delta Annual Heating and Cooling Loads

Colorado Spring, CO

Las Vegas, NV

Delta Annual Heating (MBtu/y) SERIRES/|| Delta Annual Cooling (MBtu/y) SERIRES/
Case BLAST DOE2 SUNCODE |Case BLAST DOE2 SUNCODE
L110AC-L100AC 23.99 23.37 24.12|L110AL-L100AL 3.04 3.02 3.84
L120AC-L100AC -11.67 -12.92 -14.57 || L120AL-L100AL -3.32 -4.67 -4.31
L130AC-L100AC -15.60 -12.18 -22.42 | L130AL-L.100AL -17.71 -19.54 -20.40
L140AC-L100AC -12.80 -10.76 -19.92 | L140AL-L100AL -31.14 -34.26 -34.68
L150AC-L100AC -7.02 -8.53 -8.37 || L150AL-L100AL 13.06 16.55 12.72
L155AC-L150AC 2.48 2.81 2.88{L155AL-L150AL -13.64 -18.29 -14.53
L160AC-LL100AC 0.94 0.28 1.10| L160AL-L100AL 7.95 7.88 8.28
L170AC-L100AC - 11.12 13.64 13.05|L170AL-L100AL -8.83 -11.74 -10.01
L200AC-L100AC 72.03 78.12 95.93 | L200AL-L100AL 11.04 12.30 17.39
[202AC-L200AC 3.49 5.94 4.22 L200AL-L202AL 6.09 10.86 6.14
L302AC-L100AC 8.54 9.43 10.50
L302BC-L100AC 3.31 2.13 0.71
L302AC-L304AC 10.42 10.81 13.75
L302BC-L304BC 9.66 10.02 11.53
L322A1-L100AC 29.72 30.27 33.54
L322A2-L100AC 30.56 28.33 35.29
L322B1-L100AC 12.88 19.72 19.98
L322B2-L100AC 26.03 24.87 19.71
L322A1-L324A1 26.76 27.17 33.37
L322A2-L324A2 27.48 26.02 34.22
L322B1-1.324B1 25.25 27.34 29.95
1L322B2-L.324B2 27.57 30.99 26.81
hers4.wk3 g:al..h30; 25-Sep-95
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Table 3-3. HERS BESTEST Tier 1 Reference Results
Monthly Heating Loads for Cases L100AC through L202AC

BLAST 3.0 Monthly and Total Heating Loads (MBtufy)
L100AC L110AC L120AC L130AC L140AC L150AC L155AC L160AC L170AC L200AC L202AC

Jan 1130 15.27 9.34 8.72 8.96 9.61 969 1194 12,68 2273 23.21
Feb 9.74 13.21 8.07 7.50 7.79 8.54 8.80 999 11.00 18.74 20.19
Mar 9.04 12.41 7.43 6.90 7.39 8.23 8.87 876 10.39 18.86 19.37
Apr 5.17 7.28 4.16 3.81 424 5.13 5.75 4.70 626 1152 11.93
May 243 3.66 1.84 1.63 1.89 2.54 2.79 217 3.30 6.33 6.57
Jun 0.69 1.20 0.46 0.40 0.47 0.76 0.82 0.60 1.1 2.55 2.65
Jul 0.06 0.20 0.02 0.01 0.02 0.07 0.08 0.05 0.23 0.79 0.83
Aug 0.13 0.34 0.05 0.04 0.04 0.13 0.17 0.11 0.37 1.16 1.22
Sep 1.20 1.92 0.82 0.70 0.79 1.10 1.25 1.13 1.80 3.68 3.80
Oct 3.46 5.03 2.66 2.38 2.71 2.95 3.12 3.50 4.46 8.36 8.60
Nov 8.18 11.21 6.70 6.23 6.66 6.86 6.99 8.71 9.50 1712 17.54
Dec 1054 14.22 8.72 8.03 8.19 9.01 9.06 1124 1196 2113 21.56
Tot 61.94 8583 50.27 46.34 49.14 5492 5738 62.88 73.06 133.87 137.46
DOE2.1E Monthly and Total Heating Loads (MBtu/y)

L100AC L110AC L120AC L130AC L140AC L150AC L155AC L160AC L170AC L200AC L202AC
Jan 10.58 14.39 8.46 8.56 8.67 8.63 873 1111 1230 2272 23.56
Feb 9.04 1235 7.23 7.28 7.46 7.62 7.80 9.17 10.58 19.67 2046
Mar 832 1155 6.59 6.67 7.01 7.31 7.80 7.88 9.96 18.83 19.74
Apr 4.79 6.83 3.67 3.73 3.98 4.61 5.12 4.30 6.11  11.65 12.33
May 2.27 3.51 1.60 1.67 1.76 2.36 2.67 2.03 3.33 6.63 7.00
Jun 0.66 1.19 0.40 0.45 0.48 0.76 0.85 0.57 1.19 2.83 3.00
Jul 0.06 0.21 0.02 0.02 0.02 0.08 0.10 0.05 0.28 0.96 1.04
Aug 0.13 0.35 0.05 0.07 0.05 0.13 0.19 0.12 0.45 1.37 1.46
Sep 117 1.93 0.71 0.81 0.81 1.00 1.30 1.13 1.91 4.07 4.26
Oct 3.33 4.93 2.36 2.50 2.63 2.67 3.05 3.38 4.55 8.83 9.20
Nov 7.63 1056 6.00 6.10 6.39 6.11 6.38 7.97 922 1715 17.88
Dec 10.02 13.59 8.01 7.98 7.99 8.20 831 1058 1177 2141 2213
Tot 58.00 8136 45.08 4582 47.24 49.47 5228 5828 71.64 136.12 142.06
SERIRES/SUNCODE 5.7 Monthly and Total Heating Loads (MBTU/y)

L100AC L110AC L120AC L130AC L140AC L150AC L155AC L160AC L170AC L200AC L202AC
Jan 1338 17.31 10.94 9.46 955 1139 1150 14.11 15.00 2872 29.22
Feb 11.34 14.77 9.26 8.05 8.25 9.8 1017 1167 12.80 24.72 2525
Mar 1035 13.70 8.37 7.35 7.78 942 1018 10.01 11.91 23.41 24.06
Apr 5.94 8.08 4.69 4.07 4.50 5.86 6.59 5.40 7.22 1440 14.93
May 2.81 4.08 2.07 1.74 2.03 2.96 3.23 252 3.84 7.98 8.31
Jun 0.83 1.37 0.54 0.44 0.53 0.92 0.99 0.72 1.34 3.24 3.38
Jul 0.09 0.25 0.03 0.02 0.02 0.10 0.12 0.08 0.31 0.99 1.05
Aug 0.19 0.42 0.08 0.06 0.06 0.19 0.24 0.16 0.51 1.50 1.57
Sep 1.47 2.23 0.98 0.78 0.83 1.31 1.50 1.39 2.19 4.70 4.85
Oct 4.10 573 3.07 2.60 2.98 3.45 3.66 4.15 528 10.62 10.91
Nov 951 1255 7.67 6.70 7.09 7.95 8.08 10.11 11.04 2144 21.94
Dec 1238 16.04 10.12 8.71 876 1059 10.64 13.19 14.02 26.62 27.08
Tot 7240 96.52 57.83 4998 5248 6403 66.91 7350 8545 168.33 172.54

hers4.wk3 d:al..157

25-Sep-95
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Table 3-4. HERS BESTEST Tier 1 Reference Results
Monthly Heating Loads for Cases L302AC through L324B2

BLAST 3.0 Monthly and Total Heating Loads (MBtu/y)
L302AC L302BC L304AC L304BC L322A1 L322A2 L322B1 L322B2 L324A1 1324A2 L324B1 L324B2

Jan 1252 1222 1086 1050 16.19 1641 1572 1637 1191 1199 1116 11.26
Feb  10.81 10.87 9.37 934 1405 1426 14.02 1454 1029 1036 9.84 10.14
Mar  10.11 9.96 8.70 851 1325 1346 1290 13.56 9.53 9.61 8.87 9.30
Apr 5.92 5.35 5.01 4.58 7.82 7.96 6.62 7.39 5.42 5.45 4.43 4.96
May 2.99 2.13 2.42 1.75 3.95 3.96 218 2.90 2.49 2.46 1.36 1.88
Jun 1.01 0.44 0.73 0.34 1.29 1.20 0.38 0.58 0.66 0.62 0.22 0.38
Jul 0.19 0.00 0.09 0.00 0.21 0.15 0.00 0.00 0.03 0.02 0.00 0.00
Aug 0.31 0.00 0.17 0.00 0.35 0.27 0.00 0.00 0.09 0.06 0.00 0.00
Sep © 1.62 0.68 1.25 0.48 2.05 1.96 0.28 0.79 1.18 1.09 0.15 0.56
Oct 4.18 3.09 3.45 2.52 5.39 5.36 3.22 4.18 3.56 3.47 203 2.72
Nov 9.16 8.94 7.87 761 1196 1216 1161 1222 8.63 8.68 7.98 8.35
Dec 1168 1156 10.13 986 1514 1534 1489 1544 1112 1120 1055 10.85
Tot 70.48 6525 60.06 5559 9166 9250 8182 8797 6490 6502 5657 6040

DOE2.1E Monthly and Total Heating Loads (MBtu/y)

L302AC L302BC L304AC L304BC L322A1 L322A2 L322B1 L322B2 L324A1 L324A2 L324B1 L324B2
Jan 1193 1137 10.21 9.68 1543 1530 1503 1554 1118 11.18 10.28 9.92
Feb 10.24 9.88 8.73 834 13.30 1324 13.08 1348 9.56 9.58 8.87 8.60
Mar 9.54 8.95 8.05 747 1253 1248 11.92 1239 8.80 8.82 7.80 7.71
Apr 5.64 4.85 4.69 3.96 7.47 7.38 8.12 6.70 5.05 4.99 372 4.21
May 2.89 1.61 2.30 1.48 3.90 3.67 2.09 2.60 237 2.21 0.99 1.60
Jun 0.89 0.41 0.73 0.30 1.36 1.12 0.38 0.53 0.67 0.56 0.12 0.33
Jul 0.17 0.00 0.09 0.00 0.26 0.14 0.00 0.00 0.05 0.03 0.00 0.00
Aug 0.30 0.00 0.18 0.00 0.43 0.25 0.00 0.01 0.12 0.06 0.00 0.00
Sep 1.60 0.68 1.24 0.45 2.14 1.83 0.36 0.85 1.18 0.98 0.06 0.51
Oct 4.11 3.01 3.36 2.33 541 5.086 3.32 4.27 347 3.23 157 2.51
Nov 8.74 8.19 7.39 6.86 11.41 1134 1095 1156 8.07 8.07 7.13 7.01
Dec 11.29 10.87 9.67 9.25 14.62 14.51 1447 1494 1059 10.60 9.84 9.48
Tot 67.43 6012 56.62 50.11 88.27 8633 7771 8287 61.10 6031 5038 51.88

SERIRES/SUNCODE 5.7 Monthly and Total Heating Loads (MBtu/y)

L302AC L302BC L304AC L304BC L322A1 L322A2 L322B1 1322B2 L324A1 L324A2 L324B1 L324B2
Jan 1496 13.92 12.72 1194 19.07 1923 1776 17.78 1359 1368 1223 12.41
Feb 12.78 12.31 10.78 10.46 16.28 1646 1543 1546 1152 11.62 10.58 10.75
Mar 11.73 11.11 9.82 835 15.10 15.31 1413 1414 1048 10.59 9.62 9.85
Apr 6.88 6.09 5.66 512 8.88 9.12 7.95 7.91 5.83 6.04 5.45 5.69
May 3.45 2.30 2.73 1.86 4.44 4.62 3.27 3.20 2.68 2.77 2.24 2.54
Jun 1.16 0.48 0.85 0.38 1.43 1.50 0.72 0.70 0.72 0.75 0.50 0.67
Jul 0.21 0.00 0.11 0.00 0.22 0.25 0.00 0.00 0.05 0.05 0.00 0.02
Aug 0.35 0.00 0.2t 0.00 0.39 0.44 0.00 0.00 0.12 0.13 0.00 0.06
Sep 1.91 0.64 1.47 0.39 2.38 245 0.63 0.61 1.30 1.35 0.36 0.85
Oct 4.91 3.37 3.99 2.68 6.23 6.38 4.04 3.92 3.85 4.04 248 3.00
Nov  10.77 9.83 9.04 822 13.84 1407 1218 1214 9.64 9.76 7.94 8.17
Dec 13.86 1305 11.78 1119 1768 1785 1628 1624 1260 1269 11.05 11.29
Tot 82.90 7310 69.15 61.58 10594 10769 9238 92,11 7256 7347 6244 6530

hersd.wk3 d:nl..z57: 25-Sep-95
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Table 3-5. HERS BESTEST Tier 1 Reference Results
Monthly Cooling Loads for Cases L100AL through L202AL

BLAST 3.0 Monthly and Total Sensible Cooling Loads (MBtu/y)

L100AL L110AL L120AL L130AL L140AL L150AL L155AL L160AL L170AL L200AL L202AL

Jan 0.07 0.03 0.08 0.00 0.00 1.91 1.55 0.01 0.03 0.0t 0.00
Feb 0.38 0.24 0.41 0.06 0.00 2.39 1.58 0.22 0.22 0.21 0.10
Mar 1.44 1.15 1.46 0.55 0.07 3.35 1.69 1.58 1.01 1.04 0.69
Apr 2.18 1.92 2.16 1.16 0.36 2.78 1.16 3.186 1.60 1.83 1.42
May 5.85 6.02 5.55 3.90 2.14 5.51 4.30 7.59 4.76 6.56 5.81
Jun 9.43 10.26 8.72 6.72 4.61 8.71 7.85 11.41 8.10 1186 10.99
Jul 1216 1362 11.15  8.84 6.57 1151 1069 13.98 10.67 16.40 1544
Aug 10.87 12.01 10.02 7.85 565 11.18 9.19 12.31 9.41 1421 13.26
Sep 7.76 8.24 7.33 5.35 3.32 9.33 7.08 8.40 6.51 9.21 8.44
Oct 3.92 3.79 3.84 2.36 0.80 6.76 5.43 3.59 3.13 3.88 3.24
Nov 0.60 0.43 0.63 0.17 0.00 3.08 2.55 0.37 0.39 0.39 0.22
Dec 0.00 0.00 0.01 0.00 0.00 1.22 1.02 0.00 0.00 0.00 0.00
Tot 5466 5770 5134 3695 2352 6772 54.08 6261 4583 6570 50.61

DOE2.1E Monthly and Total Sensible Cooling Loads (MBtu/y)

L100AL L110AL L120AL L130AL L140AL L150AL L155AL L160AL L170AL L200AL L202AL

Jan 0.24 0.10 0.24 0.02 0.00 2.94 2.50 0.05 0.10 0.08 0.00
Feb 0.83 0.54 0.83 0.19 0.00 3.59 2.81 0.50 0.49 0.54 0.23
Mar 224 1.80 2.13 0.90 0.13 4.55 3.01 2.41 1.56 1.79 0.99
Apr 2.98 2.62 2.83 1.57 0.54 3.82 2.03 4.16 2.15 2.59 1.72
May 6.50 6.71 6.03 4.39 2.55 6.01 4.486 8.51 5.13 7.46 6.13
Jun 9.88 10.84 8.97 7.26 5.14 8.74 7.79  11.98 8.21 12.71 11.10
Jul 12.64 1429 11.42 9.49 715 11.76  10.61 1452 1075 1718 1568
Aug 1141 1271 10.37 8.47 6.19 11.58 815 12.82 9.58 15.03 13.48
Sep 8.46 9.03 7.89 5.91 3.76  10.35 6.69 9.00 6.92 10.20 8.91
Oct 4.57 4.47 4.37 2.76 1.08 7.73 5.26 4.15 3.58 4.79 3.67
Nov 0.99 0.70 0.99 0.29 0.00 4.13 3.04 0.49 0.60 0.72 0.33
Dec 0.06 0.01 0.07 0.00 0.00 2.15 1.71 0.00 0.01 0.01 0.00
Tot 60.80 63.83 56.14 4126 2654 7735 59.06 68.68 49.06 73.10 62.24

SERIRES/SUNCODE 5.7 Monthiy and Total Sensible Cooling Loads (MBtuty)

L10CAL L110AL L120AL L130AL L140AL L150AL L155AL L160AL L170AL L200AL L202AL

Jan 0.01 0.00 0.02 0.00 0.00 1.25 0.92 0.00 0.00 0.00 0.00
Feb 0.26 0.18 0.28 0.04 0.00 2.17 1.40 0.14 0.14 0.14 0.08
Mar 1.32 1.07 1.33 0.48 0.06 3.25 1.50 1.48 0.87 0.98 0.69
Apr 2.35 2.08 2.30 1.21 0.37 3.14 1.23 3.35 1.66 2.05 1.62
May 6.46 6.66 6.03 4.16 2.27 6.10 4.78 8.35 5.18 777 6.88
Jun 1031 11.26 9.42 7.07 4.80 9.43 8.67 12.38 8.76  14.01 13.03
Jul 13.52 1517 1223 9.46 6.95 1289 1181 1542 1179 1950 18.53
Aug 1200 13.30 10.95 8.33 591 1236 10.19 13.49 1032 1678 1585
Sep 8.62 9.19 8.05 5.76 3.50 10.54 8.14 9.18 7.18 1096  10.10
Oct 4.04 3.95 3.94 2.33 0.78 7.09 5.65 3.63 3.14 4.26 3.64
Nov 0.43 0.32 0.46 0.09 0.00 2.87 2.35 0.20 0.26 0.26 0.15
Dec 0.00 0.00 0.00 0.00 0.00 0.94 0.77 0.00 0.00 0.00 0.00

70.58

Tot 5832 63.16 5501 38.92 2465 7204 5751 67.60 49.31 76.71

hers4.wk3 d:ag6l..ar117 25-Sep-95
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3.5 Tier 2 Reference Results

The following figures and tables present the Tier 2 reference results.

Figure 3-7. HERS BESTEST Tier 2 reference results—annual heating load for Colorado
Springs, CO

Figure 3-8. HERS BESTEST Tier 2 reference results—annual cooling load for Colorado
Springs, CO

Figure 3-9. HERS BESTEST Tier 2 reference results—delta annual heating load for Colorado
Springs, CO

Figure 3-10. HERS BESTEST Tier 2 reference results—delta annual cooling load for Colorado
Springs, CO

Table 3-6. HERS BESTEST Tier 2 Reference Results—Annual Heating and Cooling Loads
Table 3-7. HERS BESTEST Tier 2 Reference Results—Monthly Heating Loads

Table 3-8. HERS BESTEST Tier 2 Reference Results—Monthly Cooling Loads
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Figure 3-7. HERS BESTEST Tier 2 reference results—annual heating load for Colorado Springs, CO
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Figure 3-8. HERS BESTEST Tier 2 reference results—annual cooling load for Colorado Springs, CO
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Figure 3-9. HERS BESTEST Tier 2 reference results—delta annual heating load
for Colorado Springs, CO
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Figure 3

-10. HERS BESTEST Tier 2 reference results—delta annual cooling load

for Colorado Springs, CO
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Table 3-6.

HERS BESTEST Tier 2 Reference Results

Annual Heating and Cooling Loads

Annual Heating (MBtu/y)

Annual Cooling (MBtu/y)

Colorado Springs, CO SERIRES/{ Las Vegas, NV SERIRES/
Case # BLAST DOE2 SUNCODE||Case # BLAST DOE2 SUNCODE
L185AC 66.84 64.72 78.04||L165AL 54.77 52.88 59.59

Colorado Springs, CO

P100AC 12.31 10.02 14.40| P100AC 18.11 23.03 20.08
P105AC 14.59 12.10 16.97 |P105AC 11.95 13.63 13.45
P110AC 22.38 20.19 23.79| P110AC 30.18 36.49 30.86
P140AC 29.40 25.82 29.42||P140AC 1.67 2.84 1.73
P150AC 25.10 22.58 27.99P150AC 12.42 15.03 14.03
Delta Annual Heating {(MBtu/y) Delta Annual Cooling (MBtu/y)

Colorado Springs, CO SERIRES/|| Las Vegas, NV SERIRES/

Case BLAST DOE2 SUNCODE | Case BLAST DOE2 SUNCODE
L1865AC-L160AC 3.96 6.43 4.55|L165AL-L160AL -7.84 -15.81 -8.01
Colorado Springs, CO
P105AC-P100AC 2.28 2.08 2.57 | P105AC-P100AC -6.16 -9.41 -6.63
P110AC-P100AC 10.07 10.17 9.39 | P110AC-P100AC 12.07 13.45 10.78
P140AC-P100AC 17.09 15.80 15.02| P140AC-P100AC -16.44 -20.19 -18.35
P150AC-P100AC 12.79 12.56 13.60| P150AC-P100AC -5.69 -8.00 -6.05
hers3.wk3 g:a36..h61; 25-Sep-95
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Table 3-7. HERS BESTEST Tier 2 Reference Results
Monthly Heating Loads

[BLAST 3.0 Monthly and Total Heating Loads (MBtuty)

23

L165AC__ P100AC _ P105AC__ P110AC P140AC P150AC
Jan 12.63 2.44 2.45 4.20 5.68 5.44
Feb - 10.63 2.41 2.61 3.88 4.98 4.68
Mar 9.33 2.23 3.04 3.63 467 3.87
Apr 4.95 1.29 2.18 2.15 2.48 1.67
May 2.29 0.36 0.62 0.81 0.80 0.36
Jun 0.63° 0.05 0.09 0.18 0.15 0.03
Jul 0.05 0.00 0.00 0.00 0.00 0.00
Aug . 012 0.00 0.00 0.00 0.00 0.00
Sep 1.20 0.00 0.00 0.13 0.11 0.00
Oct 3.78 0.23 0.27 0.75 1.28 0.50
Nov . 937 1.11 1.15 2.68 4.13 3.45
Dec 11.86 2.19 2.19 3.96 5.14 5.10
Tot 66.84 12.31 14.59 22.38 29.40 25.10
DOE2.1E Monthly and Total Heating Loads (MBtuty)
L165AC P100AC__P105AC  P110AC P140AC P150AC
Jan 12.14 2.04 212 3.7 5.14 4.94
Feb 10.14 1.80 201 3.44 4.45 417
Mar 8.89 1.80 2.32 3.27 4.09 342
Apr 4.83 1.05 1.73 1.98 2.06 1.47
May 2.36 0.33 0.63 0.81 0.58 0.34
Jun 0.70 0.05 0.11 0.19 0.09 0.03
Jul 0.08 0.00 0.00 0.00 0.00 0.00
Aug 0.16 0.00 0.00 0.00 0.00 0.00
Sep 1.30 0.00 0.01 0.14 0.06 0.00
Oct 3.75 022 0.29 0.70 1.02 0.48
Nov 8.89 0.86 1.02 234 3.66 3.04
Dec 11.49 1.77 1.86 3.59 4.67 4.69
Tot 64.72 10.02 12.10 20.19 25.82 22.58
SERIRES/SUNCODE 5.7 Monthiy and Total Heating Loads (MBtu/y)
L165AC__ P100AC  P105AC _ P110AC  P140AC P150AC
Jan 14.90 2.97 3.01 4.56 5.69 6.09
Feb 12.38 2.77 2.95 4.08 4.95 512
Mar 10.64 2.57 3.44 3.83 4.62 426
Apr 5.69 1.43 2.40 225 2.46 1.89
May 2.66 0.39 0.72 0.88 0.81 0.43
Jun 0.77 0.05 0.10 0.20 0.14 0.04
jJul 0.09 0.00 0.00 0.00 0.00 0.00
Aug 0.18 0.00 0.00 0.00 0.00 0.00
Sep 1.48 0.00 0.00 0.14 0.13 0.01
Oct 4.48 0.23 0.28 0.77 1.32 0.66
Nov 10.87 1.29 1.33 2.79 4.13 3.85
|Dec 13.91 2.70 2.73 4.28 5.17 5.66
1Tot 78.04 14.40 16.97 23.79 29.42 27.99
hersa.wk3 d:ba120.bh173 25-Sep-95




Table 3-8. HERS BESTEST Tier 2 Reference Results
Monthly Cooling Loads

BLAST 3.0 Monthly and Total Sensible Cooling Loads (MBtu/y)
L165AL P100AC P105AC P110AC  P140AC  P150AC

Jan 0.00 0.62 0.62 2.17 0.00 0.00
Feb 0.07 0.17 0.14 1.42 0.00 0.00
Mar 1.01 0.08 0.00 1.09 0.00 0.00
Apr 2.38 0.25 0.00 0.91 0.00 0.16
May 6.53 0.48 0.03 1.27 0.00 0.48
Jun 10.26 2.05 1.34 2.55 0.21 2.42
Jul 12.92 3.10 2.38 3.47 0.65 . 346
Aug 11.28 3.70 2.02 4.15 0.53 3.25
Sep '7.40 3.59 2.00 4.40 0.29 2.01
Oct 2.75 3.29 2.68 4.64 0.00 0.65
Nov 0.17 0.58 0.54 2.33 0.00 0.00
Dec 0.00 0.25 0.24 1.79 0.00 0.00
Tot 54.77 18.11 11.95 30.18 1.67 12.42

DOE2.1E Monthly and Total Sensible Cooling Loads (MBtu/y)
L165AL  P100AC P105AC  P110AC P140AC P150AC

Jan 0.00 1.19 1.12 2.80 0.00 0.00
Feb 0.11 0.47 0.39 2.13 0.00 0.00
Mar 1.10 0.21 0.03 1.54 0.00 0.00
Apr 2.48 0.43 0.13 1.34 0.00 0.27
May 6.39 0.73 0.10 1.56 0.00 0.81
Jun 9.74 2.18 1.40 2.69 0.44 2.75
Jul 12.32 3.51 245 3.86 1.09 3.92
Aug 10.79 4.14 2.09 4.55 0.91 3.71
Sep 7.14 4.31 1.91 5.15 0.40 2.56
Oct 2.66 3.94 2.40 5.31 0.00 1.01
Nov 0.14 1.28 1.03 3.11 0.00 0.00
Dec 0.00 0.62 0.56 2.44 0.00 0.00
Tot 52.88 23.03 13.63 36.49 2.84 15.08

SERIRES/SUNCODE 5.7 Monthly and Total Sensible Cooling Loads (MBtuty)
L165AL  P100AC  P105AC P110AC  P140AC  P150AC

Jan 0.00 0.87 0.83 2,07 0.00 0.00
Feb 0.05 0.25 0.19 1.39 0.00 0.00
Mar 0.92 0.07 0.00 0.98 0.00 0.00
Apr 249 0.30 0.01 0.95 0.00 0.22
May 7.23 0.55 0.05 1.30 0.00 0.64
Jun 11.21 2.08 1.44 2.56 0.23 2.63
Jul 14.35 3.37 246 3.72 0.68 3.76
Aug 12.42 3.88 212 4.31 0.54 3.49
Sep 8.11 4.02 2.39 4.83 0.29 2.41
Oct 2.75 3.54 2.91 4.83 0.00 0.88
Nov 0.05 0.78 0.73 2.31 0.00 0.00
Dec 0.00 0.35 0.33 1.61 0.00 0.00
Tot 58.59 20.08 13.45 30.86 1.73 14.03

hers4.wk3 d:bal77..bh232; 25-Sep-95
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4.0 Example Pass/Fail Criteria

Example pass/fail criteria are included in this report to illustrate how a certifying agency may evaluate a
HERS tool with HERS BESTEST. The certifying agency using HERS BESTEST may adopt these
example pass/fail criteria or develop its own pass/fail criteria. Neither DOE, NREL, nor the authors of
this report can be held responsible for any misfortunes that occur due to the use of these example pass/fail
criteria in your certification program.

4.1 Passing a Test

A HERS tool may be thought of as having successfully passed through the test series when its results
compare favorably with reference program outputs on a case-by-case and sensitivity basis (difference or
delta [A] between certain cases).

Example pass/fail ranges for Tier 1 developed according to the procedure described below are presented
in Section 4.7 for annual loads; example pass/fail ranges for Tier 2 are included in Section 4.8. In these
figures, example passing ranges are represented by "error" bars. The reference result maxima and minima
corresponding to each passing range are also indicated within the error bars. A HERS tool passes a case
if its result for that case falls within the passing range represented by the error bars for that case. Here
the term "case" is meant to include either "absolute" cases (e.g., L100AC) or "delta" cases (e. g,
L110AC-L100AC). A HERS tool passes HERS BESTEST if its results are passing for all the cases
(including both absolute and delta cases). In the tables and figures, the "AC," "AL," and "AB" suffixes
to case numbers carry the same meaning as in Section 3.

4.2 Procedure for Developing Example Passing Ranges

Example passing ranges were developed from the annual reference results (see Tables 3-1 and 3-2 of
Section 3.4, and Table 3-6 of Section 3.5). Values relevant to the discussion below are included in Table
4-1 (see Section 4.7) for annual loads and in Table 4-2 (see Section 4.7) for delta annual loads; Table 4-4
(see Section 4.8) lists relevant Tier 2 values. An electronic version of the calculations is provided in the
spreadsheet file included on the accompanying diskette; spreadsheet addresses are given in small font in
the tables. Example passing ranges for each case were developed through the following steps:

(1) Determine the maximum reference result, the minimum reference result, the sample mean (average)
of the reference results, and the sample standard deviation (n-1 method) of the reference results. The
quantities are shown in Tables 4-1, 4-2, and 4-4 as "REF MAX," "REF MIN," and "REF MEAN"
respectively; standard deviation is not listed separately in the tables.

(2) Calculate the 90% confidence interval for the population mean, assuming a student’s "t" distribution
based on the reference results (Spiegel 1961). The extremes (confidence limits) of the 90%
confidence interval for the population mean are determined from:

L, =X + @ )(NN-T 1)
L, =X - @)s)/N-1 (4-2)
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“

L, = maximum confidence limit for the confidence interval
L, = minimum confidence limit for the confidence interval
X = sample mean

t. = confidence coefficient (see below)

s = sample standard deviation

N = number of samples.

The confidence coefficient (t,) is determined from the number of samples and the desired confidence
interval. Tables of these coefficients and an explanation of how to use the tables should be available
in any introductory statistics text book. For this example with 3 samples and a desired confidence
interval of 90%,

t =292. (4-3)

Equations 4-1 and 4-2 then reduce to:
L, =X +292(s)4/2 (§4)
L, =X - 29252 . (4-5)

The resulting confidence limits are shown in Tables 4-1, 4-2, and 44 as "REF 90% CONF MAX"
and "REF 90% CONF MIN."

Calculate:

(REF MAX) + 4 MBtu
and

(REF MIN) - 4 MBtu.

The results of these calculations are shown in Tables 4-1, 4-2, and 4-4 as "REF MAX + 4 MBt"
and "REF MIN - 4 MBw."

'The example passing range ("RANGE MAX", "RANGE MIN") is then determined by taking the
maximum of "REF 90% CONF MAX" and "REF MAX + 4 MBtu" as "RANGE MAX" and the
minimum of "REF 90% CONF MIN" and "REF MIN - 4 MBtu" as "RANGE MIN." Therefore,
using Tables 4-1 and 4-2, a HERS tool passes a case if its test result falls within the given range for
that case.
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4.3 Procedure for Developing Example Passing Ranges for HERS Programs that
Designate Heating and Cooling Seasons

The same procedure described above can be applied to developing passing ranges for HERS programs that
designate heating and cooling seasons. In this case, the annual reference results must be replaced by
seasonal reference results developed from the monthly output corresponding to the designated heating and
cooling seasons as described in Section 3.1. The remainder of the Section 4.2 procedure then applies,
except that the specific values shown in Tables 4-1, 4-2, and 4-4, and Figures 4-1 through 4-10 (see
Sections 4.7 and 4.8), cannot be used. In this case, we recommend using the data provided on the

accompanying diskette for making new tables or figures, or both, based on monthly results for the
designated seasons.

4.4 Example Range Setting for Ground Coupling Cases

The results for two types of ground coupling models described in Section 3.3 effectively widen the range
of reference results outputs and the example passing ranges for cases that include ground coupling
analysis. Example range-setting criteria for the ground coupling cases are developed exactly as for other
cases, except that in the ground coupling cases, there are now six samples. Thus, t, = 2.02 is used for
developing "90% CONF MAX" and "90% CONF MIN" values in Tables 4-1 and 4-2 (see Section 4.7).

For the basement cases (L322 and L324), although there are 12 reference results for each case, t.=2.02
corresponding to six samples is still applied. This was done because there is much greater range widening
as a result of the type of ground coupling method applied than there is for the one- versus two-zone

models. Thus for the purpose of statistical analysis, double counting of the one- and two-zone models
is avoided.

4.5 Energy Cost Uncertainty Caused by Example Passing Ranges

Tables 4-3 (Section 4.7) and 4-5 (Section 4.8) include estimates of the ranges of energy cost associated
with the reference results and example passing ranges developed above. Because RANGE MAX-MIN is
either centered at or centered near the mean of the reference results, the cost uncertainty associated with
an example passing range can be interpreted as:

(REF MEAN) + (RANGE MAX-MIN)/2.
Values for "(RANGE MAX-MIN)/2" and "(REF MAX-MIN)/2" are listed in Tables 4-3 and 4-5. From
the data in Table 4-3 for Case L100AC (gas heat), for example, the annual gas cost + uncertainty (Czu)

resulting from the passing range for space heating is roughly:

Czu = $481 + $115.
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4.6 Adjustment of Passing Ranges

A certifying agency may prefer to adjust the example range setting criteria to suit its particular needs.
To assist with this, the following background and other thoughts about range setting are included.

4.6.1 Background

In choosing our algorithms for determining passing ranges, we wanted to have some buffer zone around
the reference results because:

* The reference results do not represent the truth, but rather the state of the art in thermal analysis of
buildings.

* A result just outside the range of reference results should pass.

* For cases in which reference results ranges are very narrow, we wanted to have some allowable
disagreement based on economic criteria that would still pass.

Determining passing ranges using the widest range created by a 90% confidence interval and extending
reference result extremes by 4 MBtu at each extreme provides the buffer zone as described below.

Use of confidence intervals provides some theoretical basis for developing passing ranges (Spiegel 1961).
We chose the 90% confidence level because for cases in which there are only three samples, use of a 95%
confidence interval for the population mean widens the range of passing beyond our level of comfort,
based on allowable fuel cost uncertainty. Similarly, we felt the passing range produced with an 80%
confidence interval would be too narrow. To adjust confidence intervals, we would choose a confidence
coefficient corresponding to a confidence interval within the range of 80% to 95%.

For cases in which reference results are very close together, we used the 4 MBtu factor because, at typical
gas prices, it represents roughly $25 per year, which we take as a threshold of economic uncertainty
concern. Depending on fuel prices, climate, mortgage lending policy, and other circumstances in specific
regions, it may also make sense to adjust this factor.

4.6.2 Case Discrimination

Some cases may deserve to have more strict passing criteria. A possible example of this is the annual
heating load for the energy inefficient case (L200AC). Here the percentage disagreement among reference
results, though consistent with that for the Case L100AC results, produces a much greater extension of
the passing range in terms of fuel cost than is seen for Case L100AC. Thus, a narrower range of
allowable fuel cost for Case L200AC may be preferred.
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4.7 Tier 1 Example Pass/Fail Criteria

The following figures and tables present Tier 1 example pass/fail criteria.

« Figure 4-1. HERS BESTEST Tier 1 example range setting—annual heating load (L100AC through
L170AC) for Colorado Springs, CO

» Figure 4-2. HERS BESTEST Tier 1 example range setting—annual heating load (I.200AC through
L324AB) for Colorado Springs, CO

* Figure 4-3. HERS BESTEST Tier 1 example range setting—delta annual heating load (L100AC
through L170AC) for Colorado Springs, CO

« Figure 4-4, HERS BESTEST Tier 1 example range setting—delta annual heating load (L200AC
through 324AB) for Colorado Springs, CO

« Figure 4-5. HERS BESTEST Tier 1 example range setting—annual cooling load for Las Vegas,
NV

+ Figure 4-6. HERS BESTEST Tier 1 example range setting—delta annual cooling load for Las
Vegas, NV

 Table 4-1. HERS BESTEST Tier 1 Example Range-Setting Procedure—Annual Heating and
Cooling Loads

» Table 4-2. HERS BESTEST Tier 1 Example Range-Setting Procedure—Delta Annual Heating and
Cooling Loads

« Table 4-3. HERS BESTEST Tier 1 Reference Results and Example Range Fuel Cost Summary
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hahq1-6r.ch3; Sep 07, 1995

Figure 4-1. HERS BESTEST Tier 1 example range setting—annual heating load

(L100AC through L170AC) for Colorado Springs, CO
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Y Ref Max 4 Ref Min ] Range Max, Min
hahq2-6r.ch3; Sep 07, 1995

Figure 4-2. HERS BESTEST Tier 1 example range setting—annual heating load
(L200AC through L324AB) for Colorado Springs, CO
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¥ Ref Max 4 Ref Min | Range Max, Min

hdhq1-6r.ch3; Sep 07, 1995

Figure 4-3. HERS BESTEST Tier 1 example range setting—delta annual annual heating load
(L100AC through L170AC) for Colorado Springs, CO
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Figure 4-4. HERS BESTEST Tier 1 example range setting—delta annual heating load
(L200AC through 324AB) for Colorado Springs, CO
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Figure 4-5. HERS BESTEST Tier 1 example range setting—annual cooling load for Las Vegas, NV
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Figure 4-6. HERS BESTEST Tier 1 example range setting—delta annual cooling load
for Las Vegas, NV
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Table 4-1. HERS BESTEST Tier 1 Example Range-Setting Procedure
Annual Heating and Cooling Loads

ANNUAL HEATING LOADS, COLORADO SPRINGS

HEATING LOAD (MBtury) REF REF REF REF EXAMPLE EXAMPLE
REF REF REF  90% CONF 90% CONF  MAX + MIN - RANGE  RANGE

CASE MAX MIN MEAN MAX MIN 4 MBtu 4 MBtu MAX MIN

L100AC 72.40 58.00 64.11 79.48 48.75 76.40 54.00 79.48 48.75
L110AC 86.52 81.36 87.94 108.99 71.88 100.52 77.36 103.88 71.88
L120AC 57.83 45.08 51.06 64.30 37.82 61.83 41.08 64.30 37.82
L130AC 49.98 45.82 47.38 52.06 42.70 53.98 41.82 53.88 41.82
L140AC 52.48 47.24 49.62 55.10 44.15 56.48 43.24 56.48 43.24
L150AC 64.03 49.47 56.14 71.33 40.95 68.03 45.47 71.33 40.95
L155AC 66.91 52.28 58.86 74.18 43.53 70.81 48.28 . 74.18 43.53
L160AC 73.50 58.28 64.89 81.00 48.78 77.50 54.28 81.00 48.78
L170AC 85.45 71.64 76.72 92.40 61.03 89.45 67.64 92.40 61.03
L200AC 168.33 133.97 146.14 185.87 106.41 172.33 129.97 185.87 106.41
L202AC 172.54 137.46 150.69 180.05 111.32 176.54 133.46 180.05 111.32
L302AB 82.90 60.12 68.88 81.00 58.77 86.90 56.12 | 86.90 56.12
L304AB 69.15 50.11 58.85 68.04 48.66 73.15 46.11 73.15 46.11
L322AB 107.69 77.71 90.60 103.31 77.89 111.69 73.71 111.69 73.71
L324AB 73.47 50.38 62.03 72.08 51.97 77.47 46.38 77.47 46.38

Note: "90% CONF" statistics for cases with "AB" suffix are for six samples where 1c = 2.02, see text for discussion.
For cases with "AC" suffix, tc = 2.92 (three samples).

ANNUAL SENSIBLE COOLING LOADS, LAS VEGAS,‘ NV

COOLING LOAD (MBtuly) REF REF REF REF EXAMPLE EXAMPLE
REF REF REF 90% CONF 80% CONF  MAX + MIN - RANGE RANGE
CASE MAX MIN MEAN MAX MIN 4 MBtu 4 MBtu MAX MIN
L.100AL 60.80 54.66 58.26 64.88 51.64 64.80 50.66 64.88 50.66
L110AL 63.83 57.70 61.56 68.50 54.62 67.83 53.70 68.50 53.70
L120AL 56.14 51.34 54.16 59.34 48.98 60.14 47.34 60.14 47.34
L130AL 41.26 36.95 39.04 43.50 34.58 45.26 32.85 45.26 32.95
L140AL 26.54 23.52 24.90 28.06 21.75 30.54 18.52 30.54 19.52
L150AL 77.35 67.72 72.37 82.33 62.41 81.35 83.72 82.33 62.41
L155AL 598.06 54.08 56.88 62.15 51.62 63.06 50.08 63.06 50.08
L160AL 68.68 62.61 66.30 72.99 59.61 72.68 58.61 72.99 58.61
L170AL 49.31 45.83 48.07 52.07 44.06 53.31 41.83 53.31 41.83
L200AL 76.71 65.70 71.84 B3.43 60.25 80.71 61.70 83.43 60.25
L202AL 70.58 59.61 64.14 75.96 52.32 74.58 55.61 75.96 52.32
hersd.wk3, Range: h:A3.,jS0; 25-Sep-95
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Table 4-2. HERS BESTEST Tier 1 Example Range-Setting Procedure

Delta Annual Heating and Cooling Loads

DELTA ANNUAL HEATING LOADS, COLORADO SPRINGS

HEATING LOAD (MBtu/y) REF REF REF REF EXAMPLE EXAMPLE
REF REF REF  90% CONF 90%CONF MAX+  MIN-  RANGE RANGE

CASE MAX MIN MEAN MAX MIN 4MBu___ 4 MBu MAX MIN

LT10AC-L100AC 2412 23.37 23.83 2466 22.99 28.12 19.36 28.12 19.36
L120AC-L100AC 1167  -1457  -13.05  -1005  -16.05 767  -1857 787 -18.57
L130AC-L100AC 1218 2242  -16.73 597  -27.50 818 2642 597  -27.50
L140AC-L100AC 1076 -19.92  -14.49 456 2442 676 -23.92 456 -24.42
L150AC-L100AC -7.02 -8.53 -7.97 -6.26 -9.68 3.02  -1253 302 1253
L155AC-L150AC =  2.88 2.46 272 3.18 2.25 6.88 -1.54 6.88 -1.54
L160AC-L100AC 1.10 0.28 0.77 1.66 -0.12 5.10 372 5.10 3.72
L170AC-L100AC 13.64 11.12 12.60 15.32 9.88 17.64 712 17.64 7.12
L200AC-L100AC 95.93 72.03 82.08  107.66 56.39 99.93 68.03  107.66 56.39
L202AC-L200AC 5.94 3.48 4.55 7.15 1.95 0.04 -0.51 9.94 -0.51
L302AB-L100AC 10.50 0.71 5.77 11.78 -0.24 14.50 -3.29 14.50 -3.29
L302AB-L304AB 13.75 9.66 11.03 13.14 8.92 17.75 5.66 17.75 5.66
L322AB-L100AC 35.29 19.71 26.49 34.58 18.41 39.29 15.71 39.29 15.71
L322AB-L324AB 34.22 25.25 28,58 32.71 24.44 38.22 21.25 38.22 21.25

Note: "90% CONF" statistics for cases with "AB" suffix are for six samples where tc = 2.02, see text for discussion. Also for statisical analysis, cases like

"L302AB-L100AC" are treated like "L302AB-L304AB". For cases with "AC" suffix, tc = 2.92 (three samples).

DELTA ANNUAL COOLING LOADS, LAS VEGAS, NV

SENSIBLE COOLING LOAD (MBtu/y) REF REF REF REF EXAMPLE EXAMPLE
REF REF REF  90% CONF 90% CONF MAX + MIN - RANGE  RANGE

CASE MAX MIN MEAN MAX MIN 4 MBtu 4 MBtu MAX MIN
L110AL-L100AL 3.84 3.02 3.30 4.26 2.34 7.84 -0.98 7.84 -0.98
L120AL-L100AL -3.32 -4.67 -4.10 -2.66 -5.54 0.68 -8.67 0.68 -8.67
L130AL-L100AL -17.71 -20.40 -19.22 -16.38 -22.06 -13.71 -24.40 -13.71 -24.40
L140AL-L100AL -31.14 -34.68 -33.36 -28.37 -37.35 -27.14 -38.68 -27.14 -38.68
L150AL-L100AL 16.55 12.72 14.11 18.49 9.73 20.55 8.72 20.55 8.72
L155AL-L150AL '-13.64 -18.29 -15.49 -10.39 -20.59 -9.64 -22.29 -9.64 -22.28
L160AL-L100AL 8.28 7.88 8.04 8.48 7.60 12.28 3.88 12.28 3.88
L170AL-L100AL -8.83 -11.74 -10.19 -7.17 -13.22 -4.83 -15.74 -4.83 -15.74
L200AL-L100AL 17.39 11.04 13.58 20.52 6.63 21.39 7.04 21.39 6.63
L200AL-L202AL 10.86 6.09 7.70 13.36 2.03 14.86 2.08 14.86 2.03
hersd.wk3, Range: i:ad.,)48; 25-Sep-95
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Table 4-3. HERS BESTEST Tier 1 Reference Results and Example Range Fuel Cost Summary

"ABSOLUTE" RESULTS

hersd.wk3 o:al. k61 25-5ep-95
Annual Gas Heating, Note 1 Annual El. Res. Heating, Note 2 Annual Cooling, Note 3 ]
Colorado Springs, CO Colorado Springs, CO Las Vegas, NV
REF REF RANGE REF REF RANGE REF REF RANGE
MEAN  vaxMmoz — (MAX-MINZ2 MEAN  MAX-MD)Z — (MAX-MINZ2 MEAN  axmiNyz  (MAXMINZ
CASE Sy $y Sy Sy $h Sy CASE Sy Sy $ly
L100AC $481 $54 $115 $1,667 $187 $400( L10CAL $505 $27 $62
L110AC $660 $57 $120 $2,286 $197 $417!L110AL $534 $27 $64
L120AC $383 $48 $99 $1,328 $166 $344 | L120AL $469 $21 $55
L130AC $355 $16 $46 $1,232 $54 $158| L130AL $338 $19 $53
L140AC $372 $20 $50 $1,290 $68 $172||L140AL $216 $13 $48
L150AC $421 $55 $114 $1.460 $189 $3951 L150AL $627 $42 $86
L155AC $441 $55 $115 $1,530 $180 $399 L155AL $493 $22 $56
L160AC - $487 $57 $121 $1,687 $198 $413)L160AL $575 $26 $62
L170AC $575 $52 $118 $1,885 $180 $408{ L170AL $417 $15 $50
L200AC $1,096 $129 $298 $3,800 $447 $1,033 | L200AL $623 $48 $100
L202AC $1,130 $132 $295 $3,918 $456 $1,023 | L202AL $556 348 $102
L302AB $524 $85 $115 $1,817 $296 $400
L304AB $441 $71 $101 $1,530 $248 $352
L322AB $680 $112 $142 $2,356 $380 $494
L324AB $465 $87 $117 $1,613 $300 $404
"DELTA" RESULTS
Annual Gas Heating, Note 1 Annual El. Res. Heating, Note 2 Annual Cooling, Note 3
Colorado Springs, CO Colorado Springs, CO Las Vegas, NV
REF REF RANGE REF REF RANGE REF REF RANGE
MEAN (MAX-MINZ  (MAX-MIN)2 MEAN  uax-Mpoz  ax-MI2 MEAN  oaxvz  (vax-miNgz
CASE $iy $ty $hy Sty $hy $iy CASE Sy $ly $iy
L110AC-L100AC $179 $3 $33 3619 $10 $114||L110AL-L100AL $29 $4 $38
L120AC-L100AC {$98) $11 $41 ($339) $38 $142| L120AL-L100AL ($36) $6 $40
L130AC-L100AC ($125) $38 $81 ($435) $133 $280 || L130AL-L100AL ($167) $12 $46
L140AC-L100AC ($109) $34 $74 ($377) $119 $258 || L140AL-L100AL ($289) $15 $50
L150AC-L100AC (360) $6 $36 ($207) $20 $124|L150AL-L100AL $122 $17 $51
L155AC-L150AC $20 $2 $32 371 $5 $109| L155AL-L150AL ($134) $20 $55
L160AC-L100AC $6 $3 $33 $20 $11 $115| L160AL-L100AL $70 $2 336
L170AC-L100AC $95 $9 $39 $328 $33 $137||L170AL-L100AL ($88) $13 $47
L200AC-L100AC $615 $90 $192 $2,133 $311 $667||L200AL-L100AL $118 $28 $64
L202AC-L200AC . $34 $9 $39 $118 $32 $136 || L200AL-L202AL $67 $21 $56
L302AB-L100AC $43 $37 $67 $150 $127 $231
L302AB-L304AB $83 $15 $45 $287 $53 $157
L322AB-L100AC $199 $58 $88 $689 $203 $307
L322AB-L324AB | $214 $34 $64 $743 $117 $221

Note 1: Assumes AFUE = 0.8, w/dist eff = 1.0, and $6/MBtu gas.

Cost numbers based on 1980 US average fuel costs, increased by roughly 10% for infiation.

Note 2: Assumes AFUE = 1.0, w/dist eff = 1.0, and $26/MBtu electric.

Cost numbers based on 1990 US average fuel costs, increased by roughly 10% for infiation.

Note 3: Assumes COP = 3.0, w/dist eff = 1.0, and $26/MBtu electric.

Cost numbers based on 1990 US average fuel costs, increased by roughly 10% for inflation.

MAX-MIN = difference between maximum and minimum for reference resuits or example ranges as noted.
RANGE = example range results developed using the algorithm described in the accompanying text.
REF = Reference results using BLAST 3.0, DOE2.1E and SERIRES/SUNCODE 5.7.
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4.8 Tier 2 Example Pass/Fail Criteria
The following figures and tables present the Tier 2 example pass/fail criteria.

* Figure 4-7. HERS BESTEST Tier 2 example range setting—annual heating load for
Colorado Springs, CO

* Figure 4-8. HERS BESTEST Tier 2 example range setting—annual cooling load for
Colorado Springs, CO

* Figure 4-9. HERS BESTEST Tier 2 example range setting—delta annual heating load for Colorado
Springs, CO

* Figure 4-10. HERS BESTEST Tier 2 example range setting—delta annual cooling load for
Colorado Springs, CO

* Table 44. HERS BESTEST Tier 2 Example Range-Setting Procedure—Annual Heating and
Cooling Loads

* Table 4-5. HERS BESTEST Tier 2 Reference Results and Example Range Fuel Cost Summary
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Figure 4-8. HERS BESTEST Tier 2 example range setting—annual cooling load
for Colorado Springs, CO
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Table 4-4. HERS BESTEST Tier 2 Example Range-Setting Procedure
Annual Heating and Cooling Loads

ANNUAL HEATING LOADS, COLORADO SPRINGS

hersd.wk3, Range: i:A60..i113; 25-Sep-95

HEATING LOAD (MBtury) REF REF REF REF EXAMPLE EXAMPLE |
REF REF REF  90% CONF 90% CONF MAX + MIN - RANGE RANGE

CASE MAX MIN MEAN MAX MIN 4 MBtu 4 MBtu MAX MIN
L165AC 78.04 64.72 69.87 84.65 55.08 82.04 60.72 84.65 55.08
P100AC 14.40 10.02 12.24 16.76 7.72 18.40 6.02 18.40 6.02
P105AC 16.97 12.10 14.55 19.58 9.53 20.97 8.10 20.97 8.10
P110AC 23.79 20.19 22.12 25.87 18.37 27.79 16.19 27.79 16.19
P140AC 29.42 25.82 28.21 32.49 23.93 33.42 21.82 33.42 21.82
P15QAC 27.99 22.58 25.22 30.82 18.63 31.89 18.58 31.98 18.58

ANNUAL SENSIBLE COOLING LOADS, COLORADO SPRINGS, CO (except L165AL = Las Vegas, NV)

COOLING LOAD (MBtufy) REF REF REF REF EXAMPLE EXAMPLE
REF REF REF  90% CONF 90% CONF  MAX + MIN - RANGE  RANGE
CASE MAX MIN MEAN MAX MIN 4 MBtu 4 MBtu MAX MIN
L1e5AL 59.59 52.88 55.75 62.90 48.60 63.59 48.88 63.59 48.60
P100AC 23.03 18.11 20.41 25.52 15.29 27.03 1411 27.03 14.11
P105AC 13.63 11.95 13.01 14.81 1.1 17.63 7.95 17.63 7.95
P110AC 36.49 30.18 32.51 38.65 25.36 40.49 26.18 40.49 25.36
P140AC 2.84 1.67 2.08 3.44 0.72 6.84 -2.33 6.84 -2.33
P150AC 15.03 12.42 13.83 16.55 11.11 19.03 8.42 18.03 8.42
DELTA ANNUAL HEATING LOADS, COLORADO SPRINGS
HEATING LOAD (MBtu/y) REF REF REF REF EXAMPLE EXAMPLE
REF REF REF  90% CONF 90% CONF MAX + MIN - RANGE RANGE
CASE MAX MIN MEAN MAX MIN 4 MBtu 4 MBtu MAX MIN
L165AC-L160AC 6.43 3.96 4.98 7.65 2.31 10.43 -0.04 10.43 -0.04
P105AC-P100AC 2.57 2.08 2.31 2.82 1.80 6.57 -1.92 6.57 -1.82
P110AC-P100AC - 1017 9.39 9.88 10.75 8.01 14.17 5.39 14.17 5.39
P140AC-P100AC 17.08 15.02 15.97 18183 13.81 21.09 11.02 21.09 11.02
P150AC-P100AC 13.60 12.56 12.98 14.11 11.86 17.60 8.56 17.60 8.56

DELTA SENSIBLE COOLING LOADS, COLORADO SPRINGS, CO (except L165AL = Las Vegas, NV)

SENSIBLE COOLING LOAD (MBtury) REF REF REF REF EXAMPLE EXAMPLE
REF REF REF  80% CONF 90% CONF MAX + MIN - RANGE RANGE

CASE MAX MIN MEAN MAX MIN 4 MBtu 4 MBtu MAX MIN

L165AL-L160AL -7.84 -15.81 -10.55 -1.15 -18.95 -3.84 -19.81 -1.15 -19.95
P105AC-P100AC -8.16 -8.41 -7.40 -3.77 -11.02 -2.16 -13.41 -2.16 -13.41
P110AC-P100AC 13.45 10.78 12.10 14.86 0.34 17.45 6.78 17.45 6.78
P140AC-P100AC -16.44 -20.19 -18.33 -14.45 -22.20 -12.44 -24.18 -12.44 -24.18
P150AC-P100AC -5.69 -8.00 -6.58 -4.01 -8.15 -1.69 -12.00 -1.69 -12.00




Table 4-5. HERS BESTEST Tier 2 Reference Results and Example Rahge Fuel Cost Summary

"ABSOLUTE" RESULTS

Cehersd. wk3 0:470.k112

Annual Gas Heating, Note 1
Colorado Springs, CO

Annual El. Res. Heating, Note 2
Colerado Springs, CO

Annual Cooling, Note 3
Colorado Springs, CO (Note 4)

25-Sep-95

REF REF RANGE REF REF RANGE REF REF RANGE

MEAN (MAX-MINYZ  (MAX-MIN)2 MEAN  oaxMmvz  oas-vaNge MEAN (MAX-MINYZ  (MAX-MIN)2
CASE Sty Sty $ly Sy Sy $y CASE Sk Sty $ry
L165AC $524 $50 $11 $1,817 $173 $384 )| L165AL $483 $29 $65
P100AC $92 $16 $46 $318 $57 $161|P100AC 3177 $21 $56
P105AC $109 $18 $48 $378 $63 $167|P105AC $113 $7 $42
P110AC $166 $14 $44 $575 $47 $151|P110AC $282 $27 $66
P140AC $212 $14 $44 $734 $47 $151 P140AC $18 $5 $40
P150AC $189 $20 $50 $656 $70 $174| P150AC $120 311 $46
"DELTA" RESULTS

Annual Gas Heating, Note 1 Annual El. Res. Heating, Note 2 Annual Cooling, Note 3

Colorado Springs, CO Colorado Springs, CO Colorado Springs, CO (Note 4)

REF REF RANGE REF REF RANGE REF REF RANGE

MEAN (MAX-MINYZ  (MAX-MIN)2 MEAN  MaxMd2  (MAX-MINY2 MEAN  otaxmmve  ovax-miz
CASE Sy Sty 3y Sty Sy $iy CASE $iy Sy Sy
L165AC-L160AC $37 39 $39 $129 $32 $136 [L165AL-L160AL ($91) $35 $81
P105AC-P100AC $17 $2 $32 $60 $6 $110|P10SAC-P100AC ($64) $14 $49
P110AC-P100AC $74 $3 $33 $257 $10 $114|P110AC-P100AC $105 $12 $46
P140AC-P100AC $120 $8 $38 $415 $27 $131| P140AC-P100AC ($159) $16 $51
P150AC-P100AC $97 $4 $34 $338 $13 $117]P150AC-P100AC (857} $10 $45

Note 1: Assumes AFUE = 0.8, w/dist eff = 1.0, and $6/MBtu gas.

Cost numbers based on 1990 US average fuel costs, increased by roughly 10% for inflation.

Note 2: Assumes AFUE = 1.0, w/dist eff = 1.0, and $26/MBtu electric.

Cost numbers based on 1990 US average fuel costs, increased by roughly 10% for inflation.

Note 3: Assumes COP = 3.0, w/dist eff = 1.0, and $26/MBtu electric.

Cost numbers based on 1990 US average fuel costs, increased by roughly 10% for inflation.

Note 4: Except L165AL = Las Vegas, NV
MAX-MIN = difference between maximum and minimum for reference resuits or example ranges as noted.
RANGE = example range resutts developed using the algorithm described in the accompanying text.

REF = Reference results using BLAST 3.0, DOE2.1E and SERIRES/SUNCODE 5.7.
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