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Executive Summary

HEED: Home Energy Efficient Design

HEED (Home Energy Efficient Design) istausadygol that helps homeowners, builders, and architects design
more energy efficient hoMEE&ED uses a program originally calledl, Selatoped at UCKdxits themal

analysis computation kernel. It uses an hourly heat balance similar to the method used in EnergyPlus. It calcula
an hourly heat balance for each of the 8760 hours in a year using standard ASHRAE algorithms, the Mackey ar
Wright time lag and decrgrfaetor method of accounting for heat flow through opaque walls, the Admittance
Factor Method to account for internal thermal mass, and the California EnefigiCehmaitsiorto

calculate the performance of basements. To find the hourlyehiéatsbalarsuccessive approximation method

to calculate the indoor air temperatures. Thus it can integrate loads and energy caluolatiime atepch

which means that the HVAC system only adds heating or cooling energy if theratlwerhais ftwaped

beyond the upper or lower comfort limits.

ANSIASHRAE Standard 140

The American National Stasdiastitute (ANSI) and the American Society of Heating, Refrigerating and Air
Conditioning Engineers (ASHRAE) together developeti4btaBtiardard Method of Test for the Evaluation of
Building Energy Analysis Computer Programs. This standard is updated periodically, and versions from 2001 al
2007 have been used to validate different versionsStairtisE®D 14007 includes referenesults from

eight simulation progrda®P, BLAST, DOE2, SSRE/SUN, SERBRESTRANSYS, and TANB.formal

criteria are set by ASHRAE Standa2804@ determine a range of acceptable results (ANSI/ASHRAE 2007,
Section 4.4.1)he acceptanadteria defined for HERS BESWER&Tused to calculate whether the HEED

results fell within an acceptable (tAB&S BESTEST 1995, Appendix H)

HERS BESTEST Standard

The Home Energy Rating System Building Energy Simulation Test (HERS BESTiEESTg s Natieloal

Renewable Energy Laboratory and published in November 1995. The standard includes a methodology for vali
and for developing pass/fail criteria. The pass/fail criteria for each case are based on reference results from thre
simulaon programBLAST 3.0, DOE2.1E, and SERIRES/SUNCOBIERS.BESTEST 1995, Appendix H)

Climate data for Colorado Springs, Colorado, were used for the heating tests, and climate data for Las Vegas,
Nevada, were used for the cooling tests.

Validation Rerts

The validation reports included in this document tested HEED 4.0 (Build 27, Jul 31, 2012). In some cases, tests
did not pass in the initial validation were retested in the latest version of the software (HEED 4.0, Build 29, Sep
2012). Changenade between Build 27 and Build 29 were designed to allow more accurate user input, not chang



the calculation procé&ssults are reported as the annual heating and cooling loads required for each test case in
the standardSach standard also specifisumber of delta tests, which isolate the effects of the changes made
between cases.

HEED Validated Against the ASHRAE/BESTEST Standard 140

Standard402007 includes cases fomhass and highass buildings, and the cases range from extremely

abstract to quite realistic. HEED could not run seven of the more abstract cases, because the program does no
modificatioof interior infrared emittantesjor shortwave absorption, or exterior combined radiative and

convective surface coefficients. HEED passed 100% of the cases that it was able to run, for both heating and ct
HEED also passed 97% of the heating and cooling delta testsT igiling faided tests compared annual

cooling loads; one tested the effect of night ventilation and the other tested the effect of different thermostat set

HEED Validated Against the HERS BESTEST Standard

HERS BESTEST includes both active and passive test cases. HEED passed 100% of the Annual Heating and
Cooling Tests, for 28 activesewglpassive cases. HEED also passed 92% of thesjd#ditgswo. The two

failed tests compared annual heatilsgal® floor insulation varied, one for slab on grade floor construction and the
other for finished basements. The insulations levels defined by the basement test cases could not be replicated
HEED.

Comparison of HEEH EnergyPlus Validation Results

EnergyPlus is another wihalding energy simulation tool, developed by the U.S. Department of Energy. Unlike
HEED, EnergyPlus is a stdarike calculation engine that is used by maaytyhiodls with their own graphical

user interfas¢DesignBldier and AECOsim Energy Simulator are two exhffie®)6 s v al i dati on r
ASHRAE Standard-2007 were compared with the published results from validation of EnergyPlus Version
6.0.0.023 under the same standard. Only results from the kagiéd6wgearias) and high mass (900 series)

cases were published. Both HEED and EnergyPlus passed 100% of these cases.

Validation of PV Power Generation Simulation in HEED

This document details the validation of photovoltaic (PV) power g&fkeDatidmdh is not covered by either

the ASHRAE or HERS standardd EED&6s cal cul ati ons of PV system pe
CECP\alculator; batise thdiveparameter model ar@iart algorithm developed by Bill Beckman
Commerdigtavailable solar kits were used to define the test systems. The annual energy generation reported by
HEED was on average 7% higher than the results reported by CECPV.



HEED Validated Against the ASHRAE/BESTEST Standard 140

Alicyn Henkhaus, EIT

Augusi8, 2012 (Updated October 2, 2012)

Background:

The current release of HEED 4.0 (Build 27, Jul 31, 2012) was validated using ASHRAE Standard 140, 2007. TF
standard consists of 34 different building design cases that were originally run usinigusielen elifézgy
performance programs includin R@EESP. These same cases were also run using EnergyPlus, and the
results were published separately.

No formal criteria are set by ASHRAE Stan@@fVtdGetermine a range of acceptabl¢ABSIASHRAE
2007, Section 4.4The acceptance criteria defined for HERS BESTEST, another standard, were used to calcula
whether the HEED results fell within an acceptadERBEESTEST 1995, Appendikédaggregated
calculations for the sepeograms included with ASHRAIDQAQvere used as reference results. The maximum
of the acceptable range is the greater of:

M the maximum reference result + 4ad@tu

1 the upper 90% confidence interval based on the sample of reference results.
The nmimum of the acceptable range is the lesser of:

1 the minimum reference re4uMBtyand

1 the lower 90% confidence interval based on the sample of reference results.
This methodology was used to establishraetaptges for the annual heatowlingand delta validations.

Current Test Results:

Six of the cases could not be run using HEED (195, 200, 210, 280, 440, and 810) because HEED does not allo
modification of the interior infrared emittance or interior shortwave absorption. Another case (215) could not be

because HEED does not allalifioadion of the exterior combined radiative and convective surface coefficients for

the special case of opaque windows. All (100%) of the cases that HEED ran fell within the acceptance range fo
heating and cooling. All results are inclldeldsrand displayedrigures andFigures.

Delta tests, which isolate the effects of the changes made betvarealsadesysed to evaluate whether
annual heating and cooling results are acceptabiiea@igrend coold@ta cases that HEED $&f6 fell
within the acceptance range. All results are inthlule?] and displayedHrigure3 andFigured.

Updated Test Results:

The delta cases that did not pass in the initial validation were retested in the latest version of the software (HEE
Build 29, Sep 26, 2012). Changes made between Build 27 and Build 29 were designed to allow more accurate
input, not change th&alation process. Of the three failed delta tests, one now passes. All cases used in the delt



tests still pass individually. The failed delta tests both compared annual cooling loads. One tested the effect of r
ventilation; the other tested ttat effdifferent thermostat setbacks. Overall, HEED passed 97% of the heating and
cooling delta tests.

The results of the retested cases are incliad#eBin
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HEED Validated Using HERS Bestesaride2:12008, Murray Milne, UCLA Department of Architecture and Urban
Designhttp://www.enerdgsigriools.aud.ucla.edu/he2aD7
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National Renewable Laboratory, 1617 Cole Blvd, Golden Colorado, 80401

HEED is available at no costhfitpoiwww.enerdgsigrools.aud.uclawheed
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Figure2.
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Figure3.

Standard 140-2007 Comparison
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Tablel. Annual Heating and Cooling Validation Results

Annual Heating, .| Annual Cooling, .

Bestest Range HEED HVAC Total Heatind gestest Range HEED HVAC Total Cooling
Case Number Max Min Loads Output Max Min Loads Output

Mbtu/yr | Mbtulyr| kBtu/sflyl Mbtulyr| PASS]| Mbtu/yr| Mbtulyr| kBtu/sflyl Mbtulyr| PASS
600: Low Mass Building Basecasq 23.4848 10.6622 35.74| 18.4418 YES | 31.1811] 16.9456| 52.46| 27.0694 YES
610: 600 w/ South Window Shadij 23.7476] 10.8636 35.94| 18.5450 YES | 23.7203 9.3619 39.55| 20.4078] YES
620: 600 w/ East & West Windowy 24.2869 11.7442 38.21| 19.7164 YES | 21.0787| 7.6622 28.58| 14.7473] YES
630: 620 w/ E&W Window Shadin] 26.0787| 13.2357 41.01] 21.1612 YES | 16.6315 3.2663 21.42| 11.0527| YES
640: 600 w/ Night Setback Thermq 16.9796/ 5.3892 27.74| 14.3138 YES | 30.6589 16.3142 52.12| 26.8939 YES
650: 600 w/ Night Ventilation 4.0000{ 0.0000 0.00| 0.0000{ YES | 26.3381 12.4370 28.87| 14.8969 YES
900: 600 w/ High Thermal Mass 10.9659 0.0000 11.69| 6.0320] YES | 15.6554] 3.2765 21.63| 11.1611 YES
910: 900 w/ South Window Shadij 11.7885 1.3755 13.78| 7.1105] YES | 10.3891] 0.0000 12.76] 6.5842| YES
920: 900 w/ East & West Windowy 18.6759 7.3073 29.95| 15.4542 YES | 14.5530 2.2799 18.59| 9.5924| YES
930: 920 w/ E&W Window Shadin] 22.2084] 10.1401 34.70| 17.9052 YES | 11.6383 0.0000 13.77| 7.1053| YES
940: 900 w/ Night Setback Therm{ 8.8157| 0.0000 11.19| 5.7740[ YES | 15.0615 3.0956 21.64| 11.1662] YES
950: 900 w/ Night Ventilation 4.0000{ 0.0000 0.00| 0.0000{ YES 7.1434| 0.0000 1.41| 0.7276] YES
220: 600, Kionductance Window | 33.9900] 19.6999 60.01| 30.9652 YES 6.8499| 0.0000 5.70| 2.9412| YES
230: 220, w/ Infiltration 45.7854| 31.4133 83.41| 43.0396/ YES 7.8874| 0.0000 7.73| 3.9887| YES
240: 220, w/ Internal Gains 29.4200 15.2800 50.99| 26.3108 YES 8.2526| 0.0000 8.34| 4.3034| YES
250: Exterior SW Absorptance 27.9729 12.2152 48.29| 24.9176] YES | 15.5359 3.4301 20.10] 10.3716| YES
270: 220 w/ South Windows 24.20500 11.3926| 44.76| 23.0962] YES | 39.3246| 21.6931 73.55| 37.9518 YES
290: 270 w/ South Overhang 24.2800 11.6213] 44.92| 23.1787| YES | 31.6078 13.7613 59.86| 30.8878 YES
300: 270 w/ East & West Windowy 24.3551] 12.2493 45.96| 23.7154] YES | 28.2323 10.6827| 45.05| 23.2458 YES
310: 300 w/ E&W Window Shadin] 25.0411) 13.8193 47.86| 24.6958 YES | 22.6725 5.3243 35.23| 18.1787| YES
320: 270 w/ Thermal Deadband | 21.5462 9.1708 33.21| 17.1364| YES | 28.9286| 13.2732 44.62| 23.0239 YES
395: No Windows, Thermal Dead]] 23.9149 12.3790 40.19| 20.7380] YES 4.0546| 0.0000 0.02| 0.0103| YES
400: Hi Conductance Window 33.9320| 19.5497| 58.35| 30.1086/ YES 4.2082| 0.0000 0.11| 0.0568| YES
410: 400 w/ Infiltration 39.8570| 25.3381 69.90| 36.0684 YES 4.2867| 0.0000 0.18| 0.0929| YES
420: 410 w/ Internal Gains 35.2324] 20.9081 60.78| 31.3625 YES 4.6451| 0.0000 0.67| 0.3457| YES
430: 420, Ext SW Absorptance 30.7136| 14.5292 50.90| 26.2644| YES 6.9864| 0.0000 3.21| 1.6564| YES
800: 430, High Thermal Mass 28.6692 12.6145| 48.83| 25.1963 YES 5.1092| 0.0000 1.72| 0.8875| YES

Table2.Case that Could Not Be Run with HEED

195: 200, Solid Building Could not define interior infrared emittanceqas®26880)
200: 210, IR Could not define interior infeamgitnce (in base case A1@)entical to case 215
210: 220, Interior IR Could not define interior infrared emitadiestical to base case 220
215: 220, Exterior IR Could not defipaterior combined surface coefficient for high conductance wall that repla
280: 270, Int SW Absorptar; Could not define interior shortwave absdkpidenécal to case 270
440: 430, Int SW Absorptarnl Could not define interior shortwawepancd identical to case 430
810: 900, Int SW Absorptar; Could not define interior shortwave absopidenécal to case 900




Table3. Delta Heating and Cooling Validation Results

Annual Heating, Del
Bestest Range

Delta Caseg

HEED HVAC Total Heating
Loads Output

Annual Cooling, Deltg
Bestest Range

HEED HVAC Total Cooling
Loads Output

Max Min Max Min

Mbtu/yr | Mbtu/yr | kBtu/sflyl Mbtu/yr | PASS| Mbtu/yr | Mbtu/yr | kBtu/sflyl Mbtulyr | PASS
616600 4.3345 0.0000 0.20| 0.1032| YES 0.3413| -11.6008 -12.91| -6.6616] YES
620600 6.3277 0.0000 2.47 1.2745| YES -3.9898| -14.1025] -23.88| -12.3221] YES
630620 5.8806 0.0000 2.80 1.4448| YES 0.0000{ -10.2970 -7.16| -3.6946| YES
640600 -1.2731| -11.3926 -8.00| -4.1280| YES 0.0000 -5.0922 -0.34| -0.1754| YES
650600 -- -0.3823 -8.8430 -23.59| -12.1724 NO
900600 -6.6690| -17.0957 -24.05| -12.4098 YES -9.0820| -19.7817| -30.83| -15.9083 YES
9106900 5.5085 0.0000 2.09 1.0784| YES 0.0000 -9.3277 -8.87| -4.5769| YES
920900 12.5496 3.0649 18.26 9.4222| YES 4.0546 -5.1024 -3.04| -1.5686| YES
930920 7.6860 0.0000 4.75 2.4510| YES 0.0000] -8.0069 -4.82| -2.4871] YES
946900 0.0000] -6.4505 0.50| -0.2580| YES 0.0000] -4.5939 0.01 0.0052| NO
950900 -- -1.9557] -13.6451 -20.22| -10.4335 YES
230220 16.3380 7.7134 23.40| 12.0744 YES 5.0376 0.0000 2.03 1.0475] YES
2406220 0.1058| -8.5768 9.02| -4.6543| YES 5.4062 0.0000 2.64 1.3622| YES
250220 -0.9420| -11.4847 -11.72| -6.0475| YES 14.3312 1.9796 14.40 7.4304| YES
276220 -2.6485| -13.4233] -15.25| -7.8690| YES 36.4747| 21.0582 67.85| 35.0106 YES
326270 0.0000] -6.6587| -11.55| -5.9598| YES -4.4199 -14.5905 -28.93| -14.9279 NO
296270 4.2901 0.0000 0.16| 0.0826| YES 0.3789| -11.9318 -13.69| -7.0640 YES
306270 5.0137 0.0000 1.20| 0.6192| YES 5.6724| -15.0923] -28.50| -14.7060 YES
316300 5.6587 0.0000 1.90| 0.9804| YES -0.3209] -10.8055 9.82| -5.0671| YES
400395 14.0172 2.5393 18.16] 9.3706| YES 4.1536 0.0000 0.09 0.0464| YES
410400 10.1366 1.7884 11.55| 5.9598| YES 4.0887 0.0000 0.07 0.0361| YES
420410 0.1707| -8.6451 9.12| -4.7059| YES 4.3584 0.0000 0.49 0.2528| YES
430420 0.0000] -10.3789 9.88| 5.0981] YES 6.4983 0.0000 2.54 1.3106[ YES
606430 0.0000] -11.2287 -15.16| -7.8226| YES 28.8466| 15.0957, 49.25| 25.4130 YES
806430 0.0000] -6.2150 -2.07| -1.0681] YES 0.0000] 5.8772 -1.49| -0.7688| YES
906800 -8.6213| -22.2800 -37.14| -19.1642] YES 14.8977| 2.8908 19.91| 10.2736 YES
9106610 5.4881| -16.0547| -22.16| -11.4346] YES -6.5598| -17.3926| -26.79| -13.8236 YES
920620 -0.4267 -9.7646 -8.26| -4.2622| YES -1.0376] -10.5257 9.99| 5.1548| YES
9306630 0.0000] -8.3447 -6.31| -3.2560| YES 0.0000] -8.9932 -7.65| -3.9474| YES
940640 -2.3721] -12.1639 -16.55| -8.5398| YES -8.4472| -19.5974 -30.48| -15.7277] YES
950650 -- -11.1162) -24.3278 -27.46| -14.1694] YES

Night ventilation

Thermostatetback

Thermostatetback



Tabled. Validation Resulfsr Cases Retested with HEED 4.0 (Build 29, Sep 26, 2012)

Case Numbe gg’s‘t“eft';zfig”eg' HEED HVAC Total Heating Loads g gggt"eﬂtﬁé’ggge HEED HVAC Total Cooling Loads O
DeltaTest | Max | Min Build 27 Build 29 Max | Min Build 27 Build 29
Mbtu/yr| Mbtu/yr] Mbtu/yr| PASS| Mbtulyr| PASS| Mbtu/yr| Mbtu/yr| Mbtulyr| PASS| Mbtulyr| PASS
600 23.485] 10.662] 18.442] YES | 18488 YES | 31181 16.946] 27.069| YES | 27.069 YES
650 4.000] 0.000| 0.000| YES 0.000| YES | 26.338 12.437] 14.897| YES | 14.807| YES
900 10.966| 0.000| 6.032| YES 6.058| YES | 15655 3.277] 11.161| YES | 11.140| YES
940 8.816| 0.000] 5.774| YES 0.779| YEs | 15.062] 3.008] 11.166| YES | 10712 YES
270 24205 11.393] 23.006] YES | 23.107| YES | 39.325] 21.693] 37.952| YES | 37.952] YES
320 21546 9.171| 17.136] YES | 17.142| YES | 28.929] 13.273| 23.024| YES | 23.024 YES
650600 - - 0.382| -8.843| -12.172[ NO -12.172| NO
940900 0.000| -6451] -0.258| YES | 5.279| YES 0.000| -4.594] 0.005| NO -0.428| YES
320270 0.000 -6.659] -5.960| YES | 5.965| YES 4.420| 14501 -14.928] NO -14.928| NO




HEED Validated Against the HERS BESTEST Standard

Alicyn Henkhaus, EIT

August 18, 2012 (Updated October 2, 2012)

Background:

HEED (Home Energy Efficient Design) istausadygol that helps homeowners, builders, and architects design
more energy efficient homes.

HEED uses a program originally callesl, Sol@toped at UCKg¥its thermal analysis computation Kernel. |

uses an hourly heat balance similar to the method used in EnergyPlus. It calculates an hourly heat balance for
of the 8760 hours in a year using standard ASHRAE algorithms, the Mackey and Wright time lag and decremer
factor method of accountingefdrflow through opaque walls, the Admittance Factor Method to account for internal
thermal mass, and the California Energy Co@&wisklanethod to calculate the performance of basements. To

find the hourly heat balance it uses a successive amprogitnad to calculate the indoor air temperatures.

Thus it can integrate loads and energy calculatiom®atiyiach step, which means that the HVAC system

only adds heating or cooling energy if the indoor air temperature has floatedeb@ydad¢heamport limits.

HEED has been previously validated using the procedure specified in ANSI/ASHR2BD$;StdacthddO

Method of Test for the Evaluation of Energy Analysis Computer Programs (Tsai and Milne, 2003). This method
develope by the International Energy Agency Solar Heating and Cooling Program, Task 12, and was adopted b
DOHKU.S. Department of Energyfie accepted basis for verifying the credibility of computer simulation programs
This procedure involves calculatiagrihal heating and cooling energy for a series of 34 different test case
buildings, ranging from extremely abstract to quite realistic. In the ANSI/ASHRAE test protocols eight different
simulation programs were run to establish the maximum anduemiousactaltest building, including ESP,

BLAST, DOE2, SSRE/SUN, SERIRES,S3PAS, TRANSY SNachIT ARigrams were able to run alhtests.

the HERS BESTEST protocol, three different simulation programs were run to establish the range of reference
results for each test, including BLAST 3.0, DOE2.1E, and SERIRES/SUNCODEp&iice criteria defined

for HERS BESTEST, were used to calculate whether the HEED results fell within an acceptable range (HERS
BESTEST 1995, Appendiki$) HERS accepta range tefinedyy calculating the 90% confidence interval, or

by adding 4 Mbtu to the maximum value and subtracting up to 4 Mbtu from the minimum value, then using the
absolute value that is larger.

Current Test Results:

The current release of HEB@Build 27, Jul 31, 2012) was validated using the HERS BESTEST Standard, 1995.
The standard consists of 21 different building design cases that were originally run using three different building
energy simulation programs. The HERS BESTEST aciteptanegecused to calculate whether the HEED



results fell within an acceptable fidmgeesults tables includigidl the standasere used to establish

acceptable validation ranges for the annual heating and cooling data as well a€thvatietattefis.

Colorado Springs, Colorado, were used for the heating tests, and climate data for Las Vegas, Nevada, were us
the cooling tests

HEED passed all 28 (100%) of the Annual Heating and Cooling Tests. HEED also passed six of the seven Pas:
Heating and Cooling cases (86%). The only case that did not pass was a passive heating building with no glass
(P140). Ovdla97% of the annual heating and cooling cases that HEED ran fell within the acceptance range. All
results are included @bles, and displayedrigures andFigures.

Delta tests, which isolate the effects of the changes made betvaealsadesed to evaluate annual

heating and cooling restitliese tests show th&o8Btheheating and cooldejta cases fallthin the

acceptance rangdwe four cases that failed tothastelta tests were heated building that-hremlilatsd

walls andbof, no internal loads, slab on grade or insulated slab, and uninsulated basement or insulated baseme
Delta test failures were all for comparisons of annual heating$o#tdsanecluded iMable3, and displayed

inFigure@ andFiguret.

Updated Test Results:

Cases that did not pass in the initial validation were thtektsbt version of the software (HEED 4.0, Build 29,

Sep 26, 2012). Changes made between Build 27 and Build 29 were designed to allow more accurate user inpu
change the calculation process. Of the five failed tests (one individualdé#attestsfahree now pass. All

cases used in the delta tests still pass individually. HEED has now passed 100% of the Annual Heating and Co
Tests, for 28 active and 7 passive cases.

The failed delta tests both compared annual heating loadd. tbaefiest of insulation on slab on grade floor
constructions; the other tested the effect of insulation on finished basements. Overall, HEED passed 92% of the
heating and cooling delta tests.

The results of the retested cases are incliad#eBin
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Table5. Annual Heating and Cooling Validation Results

Annual Heating, . Annual Cooling ) )

Bestest Range Annual Heating Loads, Colol] gestest Range Annual Sensible Cooling Log
Case Number Max Vin Springs Max i Las Vegas

Mbtulyr | Mbtulyr| kBtu/sflyr| Mbtulyr | PASS] Mbtul/yr| Mbtu/yr | kBtu/sflyr| Mbtulyr | PASS
L100 Base Case 79.48| 48.75 41.92| 64.5149 YES 64.88 50.66 40.40| 62.1756 YES
L110 High Infiltration 103.99| 71.88 57.54| 88.5541 YES 68.50 53.70 43.83| 67.4544 YES
L120 Well Insulated Walls 64.30| 37.82 37.28| 57.3739 YES 60.14 47.34 38.80| 59.7132 YES
L130 Double Pane io®@lass 53.98| 41.82 28.37| 43.6614 YES 45.26 32.95 27.14| 41.7685 YES
L140 Zero Windows 56.48| 43.24 30.42| 46.8164 YES 30.54 19.52 17.77| 27.3480 YES
L150 All South Glass 71.33] 40.95 33.89] 52.1567| YES 82.33 62.41 50.73| 78.0735 YES
L155 Overhang on South Gl 74.18| 43.53 36.64| 56.3890 YES 63.06 50.08 40.94| 63.0067| YES
L160 All E+W Windows 81.00| 48.78 43.09] 66.3155 YES 72.99 58.61 46.65| 71.7944] YES
L165 E+W Shaded Windowy  84.65| 55.08 46.50| 71.5635 YES 63.59 48.60 40.96| 63.0374 YES
L170 No Internal Gain 92.40| 61.03 44.45| 68.4086) YES 53.31 41.83 33.44| 51.4642) YES
L200 Energy Inefficient 185.87| 106.41 79.05| 121.658Q YES 83.43 60.25 50.12| 77.1347| YES
L202 Light Exterior Color 190.05] 111.32 82.58| 127.0906 YES 75.96 52.32 45.36| 69.8090 YES
L302 Slab On Grade 86.90| 56.12 40.07| 61.6677 YES
L304 Insulated Slab 73.15| 46.11 37.93| 58.3743 YES
L322 Uninsulated Basement] 111.69| 73.71 29.40| 90.4932 YES
L324 Insulated Basement 77.47| 46.38 23.87| 73.4719 YES

Tableb. Annual Heating and Cooling Validation Results, Passive Cases

Annual Heating,
Bestest Range

Annual Heating Loads, Colof

Annual Cooling
Bestest Range

Annual Sensible Codliogds,

Case Number Mo Min Springs Max Min Colorado Springs
Mbtu/yr | Mbtu/yr| kBtu/sf/yr] Mbtu/yr | PASS] Mbtu/yr| Mbtu/yr | kBtu/sflyr| Mbtulyr | PASS

P100 Passive Solar Base Ca

South Glass 18.40 6.02 10.37| 15.9594] YES 27.03 14.11 14.62| 22.5002] YES
P105 Better Overhang 20.97 8.10 11.56 17.7908 YES 17.63 7.95 10.04| 15.4516 YES
P110 Low Mass 27.79| 16.19 17.41 26.7940| YES 40.49 25.36 23.42| 36.0434 YES
P140 No Glass 3342 21.82 21.74| 33.4579 NO 6.84 0.00 1.44 2.2162| YES
P150 Glass on All Walls 31.99| 18.58 20.62| 31.7342| YES 19.03 8.42 8.95| 13.7741] YES
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Table7. Delta Heating and Cooling Validation Results

Delta Annual Heatin . Delta Annual Coolin . .

Bestest Range Delta Annual _Heatlng Loads,| gestest Range Delta Annual Sensible Cooli
Delta Test | pax Min Colorado Springs Max Min Loads, Las Vegas

Mbtu/yr | Mbtulyr kBtu/sf/yr | Mbtu/yr | PASS| Mbtu/yr | Mbtu/yr | kBtu/sflyr | Mbtulyr | PASS
L110 L100 28.12 19.36 15.62 24.04| YES 7.84 0.98 3.43 5.28| YES
L120 L100 -7.67 -18.57 -4.64 -7.14| NO 0.68 -8.67 -1.60 -2.46| YES
L130-L100 -5.97 -27.5 -13.55 -20.85| YES -13.71 -24.4 -13.26 -20.41| YES
L140-L100 -4.56 -24.42 -11.50 -17.70| YES -27.14 -38.68 -22.63 -34.83| YES
L150 L100 -3.02 -12.53 -8.03| -12.36] YES 20.55 8.72 10.33 15.90| YES
L155 L150 6.88 -1.54 2.75 4.23| YES 9.64 -22.29 9.79| -15.07| YES
L160 L100 5.1 3.72 1.17 1.80| YES 12.28 3.88 6.25 9.62| YES
L170-L100 17.64 7.12 2.53 3.89| NO -4.83 -15.74 -6.96 -10.71| YES
L200-L100 107.66 56.39 37.13 57.14| YES 21.39 6.63 9.72 14.96| YES
L202-L.200 9.94 0.51 3.53 5.43| YES -2.03 -14.86 -4.76 -7.33| YES
L302- L100 145 -3.29 -1.85 -2.85| YES
L302 L304 17.75 5.66 2.14 3.29] NO
L322 L100 39.29 15.71 -12.52 25.98| YES
L322-1.324 38.22 21.25 5.53 17.02| NO

Table8. Validation Resulfsr Cases Retested with HEED 4.0 (Build 29, Sep 26, 2012)

Case Numbol Ao e | pnnuat Heatgads, Colorado pr] 4140l Aonual SensleCoolng Loacs, L

DeltaTest | Max | Min Build 27 Build 29 Max | Min Build 27 Build 29
Mbtu/yr| Mbtu/yq Mbtu/yr | PASS| Mbtulyr| PASS| Mbtu/yr| Mbtu/yr] Mbtu/yr | PASS] Mbtu/yr| PASS

P140 33.42| 21.82] 33.4579 NO 27.794| YES 6.84 0.00 2.2162| YES 2.201| YES

L100 79.48| 48.75] 64.5149 YES 64.684| YES 64.88] 50.66] 62.1756| YES 62.099| YES

L120 64.30| 37.82] 57.3739 YES 51.049] YES 60.14| 47.34] 59.7132] YES 59.636] YES

L170 92.40| 61.03] 68.4086] YES 77.165| YES 53.31] 41.83] 51.4642] YES 51.387| YES

L302 86.90| 56.12] 61.6677] YES 61.822| YES

L304 73.15| 46.11] 58.3743 YES 58.513| YES

L322 111.69] 73.71] 90.4932] YES 76.858| YES

L324 7747 46.38] 73.4719 YES 67.224] YES

L120-L100 -7.67| -18.57 -7.14| NO -13.635| YES 0.68 -8.67 -2.46| YES -2.463| YES

L170-L100 17.64 7.12 3.89| NO 12.481| YES -4.83| -15.74 -10.71| YES -10.712| YES

L302- L304 17.75 5.66 3.29| NO 3.309] NO

L322-1.324 38.22| 21.25 17.02| NO 9.634| NO




Comparison of HEED and EnergyPlus Validation Results

Alicyn Henkhaus, EIT

October 2, 2012

Background:

The current release of HEED 4.0 (Build 27, Jul 31, 2012) was validated using ASHRAE Standard 140, 2007. TF
standard consists of 34 different building design cases that were originally run using seven different building en
performance programs includin R@EESP. These same cases were also run using EnergyPlus, and the
results were published separateee t he original validation report
ASHRAE/ BESTEST Standard 1400) for complete resul:t

Comparing HEED and EnergyPlus:

This document compares results from HEED 4.0 (Build 27, Jul 31, 2012) with results from EthergyPlus 2010 fo
validation cases in ASHRAE Stand&@0I4®Both programs produce acceptable results for all (100%) of the

basic low mass (600 series) and high mass (900 series) cases. Annual heating and cooling results for the low n
cases are showrTabl€9; the results for the high mass cases are sratviel ihMore informatiam o

determining the limits of acceptable annual heating and cooling ranges for each case can be found in the origin
validation report.

The annual heating results for both low and high mass cases are &igre§ak¢iED consistently
producedreateresults than EnergyPlus (fr6riviBtu/yr) except in the cases where annual heating was 0
MBtu/yr (650 and 950, cases testing night vantilakdimed as having no heater).

FigurelOcombines the annual cooling results from both the low and high mass cases. Neither HEED nor
EnergyPlus produced consigtgaateresults. The difference between results from the two programs varied from
04 MBtu/yr. With the exception of cases 620 and 920, the program thagperatiresdittier the low mass

case also produceddheateresult for the corrasgimg high mass case. (For exdengleyyPlus reported

greater annual cooling results for the low mass, night ventilation case 650 as well as for the high mass, night
ventilation case 950.) The differences between HEED and EnergyPlus resultsxtbO28sesréfoth less

than 0.5 MBtu/yr.
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Tableo.

Comparison of HEED and EnergyPlus Validation Results using @itard 140

Using HEED 4.0 (Build 27, July 31, 2012) witst@pleten, CO, USMY-23062).EPW weather file

Low Mass Building

Case 600 610 620 630 640 650
5.2.1 5.2.2.1.1 5.2.2.1.2 5.2.2.1.3 5.2.2.1.4 5.2.2.1.F
Base Cast South Shadin East/Wes East/Wes Thermostat Setba Night Ventilatic
Window Orientatit Shading
Annual Heating (MBtu/
Maximum 23.485 23.748 24.287 26.079 16.980 4.000
Minimum 10.662 10.864 11.744 13.236 5.389 0.000
EnergyPlus 14.894 15.010 15.399 16.427 9.102 0.000
Pass YES YES YES YES YES YES
HEED 18.442 18.545 19.716 21.161 14.314 0.000
Pass YES YES YES YES YES YES
Annual Cooling (MBtu/y
Maximum 31.181 23.720 21.079 16.632 30.659 26.338
Minimum 16.946 9.362 7.662 3.266 16.314 12.437
EnergyPlus 23.911 16.983 14.963 10.075 22.901 18.901]
Pass YES YES YES YES YES YES
HEED 27.069 20.408 14.747 11.053 26.894 14.897
Pass YES YES YES YES YES YES




TablelQ

Comparison of HEED and EnergyPlus Validation Results using @itard 140
Using HEED 4.0 (Build 27, July 31, 20f@&nwéstapleton, CO, USA (F2B0N62).EPW weather file

High Mass Building

Case 900 910 920 930 940 950
5.2.2.2.1 5.2.2.2.2 5.2.2.2.3 5.2.2.24 5.2.2.2.F 5.2.2.2.€
High Mas: High Mas: High MasBast/Wes High Mass East/W: High Mas: High Mas:
Base Buildin South Shadin ~ Window Orientatir Shading Thermostat Setba Night Ventilatic

Annual Heating (MBtu/y
Maximum 10.964 11.786 18.672 25.516 8.814 4.000
Minimum 0.000 1.374 7.304 10.136 0.000 0.000
EnergyPlus 3.973 4.870 10.536 12.918 2.481 0.000
Pass YES YES YES YES YES YES
HEED 6.032 7.110 15.454 17.905 5.774 0.000
Pass YES YES YES YES YES YES

Annual Cooling (MBtu/y
Maximum 15.652 10.387 14.550 11.636 15.058 7.142
Minimum 3.274 0.000 2.278 0.000 3.094 0.000
EnergyPlus 9.157 4.608 9.157 5.956 8.894 1.949
Pass YES YES YES YES YES YES
HEED 11.161 6.584 9.592 7.105 11.166 0.728
Pass YES YES YES YES YES YES




Figure9.
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HEED and EnergyPlus: Annual Heating

mmm RANGE MAX i RANGE MIN - =O=EnergyPlus  ==C==HEED

30

25

MBtu/fyr

900: 600 w/910: 900 w/920: 900 w/930: 920 w/940: 900 w/950: 900 w/
High South East & E&W Night Night
Window Setback Ventilation

Shading Thermostat

T T T T T T

600: Low 610: 600 w/620: 600 w/630: 620 w/640: 600 w/650: 600 w/

Mass South East & E&W Night Night
Building  Window West Window  Setback Ventilation Thermal Window West

Basecase  Shading Windows Shading Thermostat Mass Shading  Windows

BESTEST Case




FigurelQ

ASHRAE 140-2007 Comparison
HEED and EnergyPlus: Annual Cooling
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Validation of PV Power Generation Simulation in HEED

Alicyn Henkhaus, EIT

August 20, 2012

Background:

The current release of HEBMBuild 27, Jul 31, 20&?2) validated using ASH&&kdard 140, 2007 and

HERS BESTESThis documettétails the validation of photovoltaic (PV) power generation in HEED, which is not
covered by either of the previous validation stan
compared to results from the CEdl&Wator; batise thdivepaameter model an@Rart algorithm developed

by Bill Beckman

Validation Methodology:

HEED, developed at the UCLA Department of Architecture and Urban Design,-paemzetieemodel to

calculate photovoltaic (PV) system performance. The PV algorithms in HEED were developed by Bill
Beckman at the Solar Energy Laboratory of the Uniwdrgitisconsin and David Bradley at TESS, Inc. To
validate the PV systems simulated by HEED, results were compared to output from the CECPV Calculator,
published by the California Energy Commission (CEC). This calculator uses thesaraméter model

to simulate PV performance, which is then used to calculate and qualify for incentives through the New Solar
Homes Partnership in California. The user interfaces and specific list of inputs to each program are slightly
differentTablel4(page34) is included as reference to compare inputs to the CECPV amadndahe

location of the corresponding input in HEED.

Commercialkavailable solar kits were used to define the test systems for validaimhelped ensure

that the inverter in each system was properly matched to the size of the PV arragt lonilisystem

size, panel models, and inverter models were varied. Other specifications of the system and the site
remained constant. The PV array was defined as fi
roof), and facing true south withilt angle of 34° (equivalent to a roof pitch of 8:12). The site was defined as

a onestory, singldamily residence in Los Angeles, CA, falling within CA Climate Zone 9 at latitude 34° N.

All obstructions were assumed to meet the minimal shadingcritieich state that the closest an

obstruction can be to the array is a distance equal to twice its height. The followifigd&ldsnd

Table12) will show the inputs specific to each calculator, indicating fixedréatdesinputs.

1Wholesale Solattp://www.wholesalesolar.com/cosysitas.html



Tablell Relevant inputs to HEED.

HEED Screen Field Input
Initial Design What is your Zipcode or location? 90024, Los Angeles (Westwood)
Latitude 34°

Advanced Climate, Site, and Start

CA Climate Zone

9[cannot be edited on this screen, is determined by HE
based on Initial Design input]

PV Panel Varied
Inverter Varied
. Number of Panels in Total Array Varied
Advanced PV Power Design - — -
Number of Parallel Strings in this set of { Varied [generally
Panel Tilt 34°

Array Orientation degrees from South

0° [true south]

Tablel2 Inputs to CECPV Calculator.

Field Input

Number of Sites with Solar 1

Number of Inverters per Site with Identical | Varied [generally 1]
California Flexible Installation No

PV Module Varied

Standoff Height

Roof Mounted (greater than 3.5 inches from 1

Mounting Height OneStory

Number of Series Modules in each String | Varied

Number of Parallel Strings per Inverter Varied

Tracking Fixed

Roof Pitch 34° [equivalent to 8:12]
Azimuth 180° [true south]
Inverter Varied

City Used in Calculator Run

Los AngelésClimate Zone 9

Project Description

Single Family, Marked Rate, Tier | EE, Dwelli{

Minimal Shading

Yes

Fifteerdifferent systems were selected from the list of coranadiatiddi\solar kits at WholesaleSolar.com.

Each solar kit consists of specific panel and inverter models in specific quantities, from various manufacturers. -
were used to define the dpatiiins of the test systems in order to ensure that the panels and inverters were well

matched, under the assumption that manufacturers would not be mad€tngingdsistems. However,

according to the HEED and CECPV outputs, not all systetimsatered. If the monthly or daily maximum

performance of a system is flat for a number of hours (rather than peaking at a higher value) then it is likely that
inverter is undersizédygrel 1). In the worst case, a system with poorly matched panels and inverter would actually
draw power from the grid. Both HEED and CECPV results indicated, by flat daily performance or negative annu

output, that components in some of the smaller companagigty systems were nemagthed. Different

inverters were selected for these systems and results from HEED and CECPV showed that the new system

components were well matched.



Figurell HEED output showing examples of alpowatched system (a, left) and a-meliched system (b, righithe only change
between the two systems is the inverter. Note that the heights and colors of each plot are normalized, i.e., the same color
corresponds to a different range of values on glathExamining their respective legends shows that the entire system on the left
would be contained in the lowest (blue/black) range of the system on the right.

a. Schott Solar, 240 W DC pane3Ex8300 (240 V) b.  SchotBolar, 240 W DC panel3 SETTSS2003240 V)
Poorly matched panels and inverter. Adequately matched panels and inverter.
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Validation Results:

The specific test systems for all cases and their results afableh@amnidFigurel2

Figurel3shows a comparison of the monthly output results for one system. The HEED results were between 5%
and 9% higher than the CECPV results for all systems tested.

Some PV systems are large enough to requizgdmaeitigrs. This is rarely the case for residential installations,

and HEED assumes a singkrter system. However, an approximation-oheertargystem output can be

achieved by modeling the portion of the PV modules that are serneztebprhéhien scaling the reported

output by the number of inverters. For example, a system that equally distributes 40 panels across two inverter:
be modeled in HEED as a 20 panel system with one inverter. The annual output reported byne&ED would the
to be multiplied by 2 in order to get an approximation fontliemsitstem. This was done for the largest

system modeled. The results for annual energy production were then doubled before comparing with the output
CECPV, which morecgsely modeled the system. In this case the approximate results from HEED were 6% great
than the CECPV results, which is comparable to the difference in other cases.


















