


























































































































































































































































































































































































































































































































































































































































lit J.il.OU· . 

z .l9£1' l 

z l.C1'0l 
x i?:89C2 

£08U 

..... (q 

lfl1 f>Ull OVN-f llO .,oAo X> (9 O 
enut uo peuopugqir Jllldey N 

··· 9?: dOO eo..lOC lfl1 :qun •oetdeti W 
_,.. f>Ull eJOl9q euo Aq dn-uuaM f>Ull 1 

JelltM uo daJM l l"1:1 fll8UI )I 

:...., 'J.leOOJ6UMM19qJOOP..,._. r 

x 89!R:l 

uo-ppe fll8UI , 

)I 

o't ··· n; dOO •M108 • pieui r 
UO!ll8IMUI .z ·....-. ...... dlt.w. 

UO!Plllll''I PU9 H 
uoppl8UI .IOOpf<i!ll• .... - PU9 :ipo 0 

. ...... .... .. · .. ·.·-:-:-:.:-:-:-:'. :'.:'. ;.:-" .. 
O.l 
s:eu 

0 
81Z!*P•M 

l:IV 3CISJ.nO 



HVAC 
ThermoetlJt 

~ 
K 

10l90 

OTHER LOADS 
w .......... 
Wr.ip 

K 

HVAC 
Eoonominr 
ln.w 
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SMALL RETAIL : EUGENE 

~= 
MOOEl.ER SOFlWARE 

U11JlV" . >:t99.i.~~:: .. 
$..¢All: :( : :)~~:: 
A AOM2 
B SEA 
J SEA 
D TRAl<LOAD 
E lRAl<LOAD 
D VCACS 
K VCACS 
F DOE2.1 
~: . . . . : :Mi;AA.fa.:(:. . ... . 

LARGE RETAIL : RICHLAND 

SOURCE: 
MOOAFR SOFlWARE 

COMPARISON OF ECM RECOMMENDATIONS (CYCLE 3) 

ENERGY CONSERVATION MEASURES (kWh savings) 

ENVELOPE 
Wlndowa 
Thermal 

c 
o.i.mp 

D 

·· ···• :: ·:·::·:::>:uu·<. ··· ··:: ::-:· ::.> · ::: :: .•• :::: .::: :·:· ·· ·. 
· · ··· ···· ... ....... . . . . 

82853 

88864 
81248 

aeeoo 
939e8 

eeeoo 
841153 
8'1087 

(...itMty dldy only) 
5314 
4433 x 

28818 

128115 x 
18183 

32180 

2204 x 
3745 x 42 x 
7'264 

'4648 x 
4406 x 
15728 x 
1929 
2139 x 
2102 x 
4886 x 

2192 

: :; :: : <~: .. :> /{ >:~ JI'.: . : ) 22isiJ . .·.· .. ·.· ·.·.· . .4034 x 

DESCRPTION 

OF MEASURES: 
A 
B 
c 
0 

E 

F 

in.w.e. oeiling/roof: add R1 O ... R1 9 

IMulcte w•: add R10 ... R11 

ir-.. doubi. ~norm windowe 

Reduoe ex- lighting: delamp 

Reduoe -age watta/sqt. lighting; lnstal EE lluor Mimpe 

Repleo9 balaeta with e6'lent elec:tromagn.tio 

ENERGY CONSERVATION MEASURES (kWh savings) : 

ENVELOPE 
~ 
L.oww 

A 

ENVELOPE 
RoolJCeiling 
lneulata 

B 

ENVELOPE 
Walla 

lneulate 
c 

UTU1Y :• : <1897~: :> .. : .. · <.'J31ti:3o0 . ·.·. ·: :< : .· .. 
aCAP:::: :· · ·. · 1;987,(~:: : : : . :> ::: : : : 13i:3S1~ : : .·. 
A 
H 
c 
J 
E 
F 
-eAE:u$> . : : 

AOM2 
AOM2 
SEA 
SEA 
1'W<LOAD 
DOE2.1 

::,.~~1: •: : :: · ·· 

x=not~lded 

z = replace at end of owl"ef1t .. oyole 

1388128 
1288238 
1288088 
144Z372 
11M988 
12198158 

othw entriM - -"'"* lded for lmnMdellle ac1lon 

1912937 x 

A 
B 
c 
D 
E 
F 
G 
H 

25747 81441 

L.oww oellng: reduce wel & lighting 
~ cellng: add about R'l 1 , making A27 to A30 

~wale to R'l 3 {With A8. 7 

~ ~ p-windowe with doubt. p­
Reduoe lghtklg with existing controls or delamping 
Relamp jnoandeecent with fluoreecent 

1513 

Rep&aoe ~with~ eftlclent lampe and ballu1a 
Repleoe et.dard balaeta with elecl1romagnetlo 



••don 
WMlh«tze 

G H 

OlHERLOADS 
Wtt!W Heater 
Wrap 

I 

HVAC 

HMtPurr1> 
lnatal 

J 



APPENDIX H page 2 COMPARISON OF ECM RECOMMENDATIONS (CYCLE 3) 

SMALL OFFICE : EUGENE ENERGY CONSERVATION MEASURES (kWh savings) : 

SOlft:E: ENVELOPE ENVELOPE ~ 
MOOEl..ER SOFTWAFE Roof Window Ruor-.nt 

~ nMmllll ~ 
A B C 

01iirV:: :):)}1jif~~? <:>:<:>>>>>jti2e~(:\: :>:<:>:<<<<<<<: :::::. · · · ·: : : : : · · · · · · · · · · . . . . . ......... ... ·. · 
la;_(:jf\f!';:: . . >)~1:~: : ... ::::::::· · : ·· · · :~) ··· :::-:::-:•·:::: ..... :· :.: • : : <<<··:::::>:»::::::::····· ···· ········ · 
H ADM2 1734&4 24418 

a SEA 1 eo7ee 11587 x 
G SEA 
D nw<LOAD 
I nw<LOAO 
F DOE2.1 
~ / ·<~~{ / .. :· 

185769 
142000 
197181 
1'48018 

OESCAP110N 
OF MEASU'ES: 

2782 x 

A 
B 
c 
D 
E 
F 
G 
H 

3172 4224 

2705 x 4282 5000 

9629 x 4194 z 8546 
5194 x 14387 14206 

!i833 z 
3480 

~roof, add - R19 ... 21 
in.tall thermal pane windows Of' storm wlndow8 
~ llghta with ...,.'3'/ efllclent lluor.ac:ent lamps 

A«rloY. ex- llllll>s/instal reftec:tors/ UH task lighting 
A.duce lighting, unoccupied periods; install motion det..::t 
Replace inoandeoc:ent ighta with lluoreecent 
Replace lluor-em ballam with high efficiency units 
Reduce exterior lighting i.ve61 Of' houra 

LARGE OFFICE : RICHLAND ENERGY CONSERVATION MEASURES (kWh savings) : 

SOFTWARE 

~:· .. . : ; ~:--7~: . 
EL.¢N!i• ...... •: •1•~· 
A ACM2 
B SEA 
I nw<LOAD 
D VCAC8 
K VCACS 
F DOE2.1 .. . . . .... . . ..... .. ... 

cR&tnv • • ~a1 • •. · 

x ~ not ,_OftWT* lded 

z = r.,,._ Ill end of owr.m .. cyole 

178179t 
1778888 
17!5e029 
1764320 
17e9874 
148'7983 

ENVELOPE 
Roof 

A 

24188 z 

48477 
36708 z 

· · · • . usen•< • • • 

OESCFW»TION 
OF MEASURES: 

other' er1lr1M - rM<>rm* lded for lrnrnedlaW ao1lon 

ENVELOPE 
Window 
Bind/Shade 

8 

ENVELOPE 
Windows 

c 

98942 x 
21025 z 

80655 
10Ji470· . 

A ~root, from .td-R7 .. to .--oti~ 

B lrwtal window bllnda W'td/Of' ahadee 

LIGHTING 
Occupancy 
Schedule 

D 

31024 

C lnetal thennllll panetnonn wlndoe, refte4tlve gi.. 

0 Oelmlp; reduoe houre °' llghtlng 
E Improve lighting .illciencyf.-gy elllc:ient low watt lampe 
F Replace lighting ftx1uree end lnetal more el'licient lighting 
G lneW lighting oontrole/daylighting 
H ~ weatt... ab ipplhg, 8 doore 

lnstal C02 vent oontrole to 20 ofm{pereon 
Jt lneW heat ,._.y from A/C (8436) Of' heat pump (8888) 
J2 in.tall eolw ~ tt..e.r 
J3 lnetel ~k control for OHW circulating pump 



o) 

9410 
3013 zd) 

21026 z 
79IYZ7 
798815 

L..IQHTl'IQ 

lnclandeeaent 

2088 x 

93418 
38IMl5 x 

.. :: :: ::;::.;:::>:,J:a7aa::: :.::>>>: ·:: ::<::: · . 

1643 x 

lnctw vetitldon,.... 
lnetall 'Z' or Rl 1 wrap on watw hMller 

lrlltllll * eoure• hellt pc.snpe 

I 
J 
K 
L 
M 
N 
0 

lrlltllll (.mtialpy] .oo1 IOITllZ* • on HVAC {R1U) equipment 
lrlltllll ~ 11'Mnno9tat/oontrol: Ntpointt.mp«aturea 
lnetall tirMr for «rtrvwfl'i ~ 
lrlltllll -SW~ and control syetem 

178a! 
11 l501 

. .. ·:· .. 18Q87':· 

K1 ~ 8'5'J(, ~ motore in fen col un1ti1 

OUTSl)E Mi 
Vent 
Control 

K2 lnetal tempenltLn oontrolll; ~ ~ 
K3 Modly for pe11lneew hMllrlg 

L1 Aft'oftt ...._, ohller oapaatty ea'!& to~ p.u.. loadlng 

L2 Rft'ollt higher ellloienay ~. COP 4.0 
M1 IWtl'oflt higtMr ~pump motors for cooing tow« 
M2 Aa at>ov. (3084) + "- oooiinWa1rainw oyote in tow.(~ 
N lrlltllll _..,.loop hellt pump COP 2.8 for mllin .yst19m {7'91780): 

sis hellt pump COP 2.8forb•1ment and~ (28073) 
01 A.f>alr-w ~and oontrol .yetiem 
02 .,.... ~ oonrol ~ 

OTl-ERLOAOS 

WatMHNter 
Wrap 

OllEALOADS 
WaterHMter 
Altemaiiv• 

J 

18324 {1x 

0 {2b) 



1-NAC 
HNt~ 
htall 

3l587'0 z 
47111 x 

871592 z 

HVAC 
Terminal& 
TempConlrt 

K 

104028 {1 

1153781 {2 

2!5041.1 <2-l 
·. 1ai:a {~<> 

HVAC 
EoonomlZllf 
in.tall 

1534812 

38138 z 
8367 x 

9fJZ1 x 

HVAC 
Thennoetat. 

~ 

17m:s 

!58387 
2009 x 

48380 

II) Mglllliw ~ dli9 to inol IM Id demand 

HVAC 
EntryH.atw 
Timer 

1880 

b) de-balMt (1 ~ Kwh) + ~lio (8303 Kwh)/z 
o) -1131 de&lmplng + 307'5tum off~~ 
d) - 2039: tum off at~ + 974 on W.-ende 

HVAC HVAC HVAC 
a.. CoolngTwr HNtP\.np 
Upg,'.ciee Upg,'adee AbmalhM 

L M N 

123838 {1 9'7833 

28M7 {2 181215 {1 

. ,:::·~< J;a:: >:<· 

II) Mglllllve dem.nd .... 
b) Model«: "Apf>Mr9 to~ bug In l/CACS ~routine 

- ehotAd tMlve eon'9 Mllinge" 

CONTROLS 

EMCS 
in.tall 

84832 

CONTROLS 
SwltotWtg 
&EMCS 

0 

99081 (1a) 
2'M8 .f2> 
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ANALYSIS 

JUN 

4230 

5503 

!5!505 
17 

2273 
2886 

0 
116 

204 

JUN 

6114 

606 
2599 

2309 

197 

152 
251 

4960 

876 
1047 

2530 

507 

58n 
499 

2300 

2551 

261 

260 

5796 
891 

1888 

2196 

180 
642 

5449 

587 

1816 

2485 

180 

126 

255 

6874 

482 
3355 

2630 

507 

JUL 
4860 

5813 

5808 
1064 
1471 

2930 

0 
122 

221 

JUL 

6384 
103 

3275 

2386 

204 

107 

~ 

5249 
508 

1582 

2632 

6M9 

225 
3142 

2643 

270 
269 

6069 

108 

2843 

2268 

186 

664 

5706 
212 

2332 

2584 

186 

127 

265 

7962 

282 

4522 

2632 

526 

AUG 

5310 

5593 

5599 
1214 
1499 

2673 

0 
117 

196 

AUG 
6235 

141 

3088 

2386 

204 

157 

~ 

4916 

338 
1482 
2573 

6430 

248 
3000 

2643 

270 
269 

186 

664 

5704 

178 

2263 

2e&4 

186 

127 
266 

7614 

171 

4347 

2673 

523 

SEP 
4440 

5319 

5313 

1250 
1048 
2676 

0 
133 

207 

SEP 
6285 

912 

2464 

2309 

197 

152 
251 

5357 
1030 

1231 

2586 

510 

6201 
676 

2464 

~ 

260 

259 

4787 
145 

1625 

2196 

180 

642 

5367 

876 
1~ 

2386 

180 

126 

253 

7521 

652 
3774 

2586 

510 

OCT 
3450 

3601 

3596 

241 
31!{7 

2661 

0 
122 

205 

OCT 
7144 

2896 

1242 
2386 

204 

157 
~ 

7461 
3513 

797 

2626 

525 

6887 

2152 

1563 

2633 

271 

268 

50&4 

898 
1047 

2268 

186 

664 

7266 

2940 
11~ 

2584 

186 

127 

265 

7706 

2416 

2139 

2626 

525 

BASE BUILDINGS 

NOV 

6870 

7814 

7822 

2782 
2008 

2751 

47 
12!5 

109 

NOV 

9461 
5844 

708 · 

2309 

197 

152 
251 

10772 
6943 

792 

2530 

507 

81579 

4603 

921 

2536 

261 
258 

5740 

2205 
518 

2195 

180 
642 

9403 
5168 

1291 

2386 

180 

126 

252 

9511 
5124 

1350 

2630 

507 

DEC 
12480 

13756 

13755 

4443 
6231 

2672 
41 

124 

344 

DEC 
11940 

8164 

770 
2386 

204 

Hl7 

259 

13912 

9840 
910 

2636 

10085 

6102 
808 

2637 

270 

268 

81~ 

4705 . 

281 

2268 

186 

664 

11817 

7257 

1500 

2465 
186 
127 

262 

12221 

7653 

1406 

2636 
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ELCAP CATEGORIES 
H.ating - heat strip:i 
Heat pump I air conditioning 

Int.nor lighting 

Exterior lighting 

Wat.er heating 

Receptacles 

TOTALADM2 
Heating 

Cooling f. Auxiliaries 

Lights & Equip 

(included below) 

(included below) 

Total - Sum 

TOTAL SEA 

Heating 
Cooling 1 Auxilinnes 

Lights & Equip 

(included below) 

(included b'"low) 

Non+IVAC 

TOTAL TRAKLOAD 
Heating 
Cooling + Fons 

Lights 
(included in Lights) 

Hot Water 

Equipment 

TOTAL VCACS 

Heating 
Cooling 1 Auxits , F nna 

Lighting 

(included in Lighting) 

Hot Water 

Base-tlectric 

TOTAL DOE 2.1 
Spac .. Heating 

Spaoe Cooling > v .. nt 

Interior Lighting 

Exter1or Ughttng 

DHW 

Equipment 

TOTAL SEA 
Heating 

Cooling + Auxiliari"s 

Ughte & Equip 

(included below) 

(included below) 

Non+IVAC 



APPENDIX I SMALL RETAIL BUILDING : EUGENE SENSITIVITY 
END-USE DATA 

Af\lllUAL KWH JAN FEB MAR APR MAY 
UllJTYbihd 86-87AVQ 80280 12380 9900 6810 5100 4470 

8..CAP mast.r met.,. 1987 85563 12983 9096 7248 4212 4647 

EL CAP TOTAL ~ 12950 9094 7246 4216 4646 

.rlCi UM detail Heating 29128 9100 52157 3382 257 139 
MixedHVAC 19141 1115 891 568 451 1222 
Interior Lighting 33080 2333 2801 2971 3163 2966 

Ext.nor Lighting 141 28 27 0 0 0 
Wat« Heating 1508 1 !5e 127 123 122 121 
~tptacle• 2564 220 191 22!5 223 209 

NH.JAL.KWH JAN FEB MAR APR MAY 
ADM2 TOTAL 101519 12480 10285 10236 8109 6846 
Seneitivity Heating 46374 8702 6836 6302 3909 19159 
ModelerA MlxedHVAC 19751 772 733 9128 1291 1881 

Interior Lighting 28094 2388 2166 2386 2308 2386 
Exterior Lighting 2400 204 184 204 197 204 

Wat« Heating 1848 157 142 157 152 157 
~tptaclee 3CMSt 2!59 234 2'58 2e1 2'58 

SEA TOTAL 105887 15398 11542 11045 85'!0 8736 
s.neitlvity Heating 58159() 11298 7&fJ7 7084 4666 2&48 
ModelerC MixedHVAC 12099 982 801 833 780 882 

Lighting & Equip 31006 2616 2389 2824 2!586 2668 
(blank) 0 
{blllnk) 0 
Non-HVAC Eleo1rioel 6192 522 475 1524 508 537 

'llW<l.OAD TOTAL 93151 118o2 8678 8787 69152 8352 
Seneillvlly Heating ~1 78'50 !5063 ~ 2516 1358 
Model«E MixedHVAC 198'55 778 n2 933 1368 1818 

Interior Lighting 31013 2636 2358 2837 2569 2838 
Exterior Lighting 0 
Wat« Heating 31n 270 243 270 261 270 
Equipment 3155 288 2AO 288 280 268 

VCACS TOTAL 7T7Zl 8918 7080 7519 7013 6222 
Seneitivity Heating 27483 5843 3924 3903 3124 1928 
Mo<MWO MlxedHVAC 13820 155 3eo 488 872 1178 

Int.nor Lighting 28705 2268 2049 2268 2196 2268 
Exterior L.ighting 0 
Wat« Heating 2190 186 188 186 180 186 

Receptacle• 7815 664 599 664 642 664 

DOE2.1 TOTAL 97Z72 12461 10109 9800 7811 6389 
Seneitivity Heating 41821 ns1 5981 5293 3481 1881 
ModelerF Cool&V.m 18800 1604 1310 1346 1182 1346 

Interior Lighting 30234 ~ 2298 2584 2584 2584 

Exterior Ugh1lng 2190 1118 Hl8 1118 180 1118 
Wat.,- Heating 1519 127 128 127 128 127 
Equipm.nt 3108 265 238 264 258 266 

altwnate 

SEA TOTAL 108888 13682 10163 9825 8183 7624 
s.tieitMty Heating 42162 9072 5992 5222 3279 1817 
ModelerC MlxedHVAC 29629 1471 1298 1455 1809 2603 

Interior Lighting 31002 2616 2388 2624 25615 2667 
Exterior Lighting 0 
WatM Heating 0 
~aci.e 6193 523 475 524 510 537 



SMALL RETAIL BUILDING : EUGENE 

SOFTWARE ADM2 SEA TRAKLOAO VCACS 
MODELER A -C E D 

annual energy consumption . !<Wh 
BASE BUILDING 101525 105888 93154 77754 

MEASURE Alternate Base 108888 77903 

CHARACTERISTIC CHANGE annual energy consumption , kWh 
Orientation rotate 90 degrees 100435 104044 99035 86156 

2 Floor loss decrease loss 23, 1 % 101166 104845 92233 79277 

3 Roof Insulation add R19 95787 99816 89028 75963 
4 Wall insulation add A11 86647 77792 73395 78038 

5 Glazing area increase/decrease 30% 101680 99685 96956 79864 
6 Glazing A value increase 30% 101307 102825 90421 78050 
7 Shading coefficient decrease 30% 102098 109949 94529 75434 

25 Building mass increase to maximum 99972 105960 95282 77754 

8 Outside air supply 50% more cfm 114834 112009 94641 . 79461 

9 Fan operate, unocc toggle on/cycle 84308 106515 155473 96964 
13 Economizer toggle yes/no 96876 106411 93215 72524 
14 Supply air increase 30% 101992 113512 95799 78597 

10 Lighting energy decrease 30% 99911 99578 88936 69627 
11 Lightg heat to space decrease 30% 97911 106462 92946 78783 
12 Water heating increase 100% 103375 107117 94925 80842 

15 Cooling COP increase 30% 98664 104601 90499 76890 
16 Heat pump change system type 81615 82892 78442 73299 
17 Multizone system change system type 146184 163451 127892 75907 
18 VAV system change system type 141288 100608 100610 76017 
19 Heating setpolnt increase 5 degrees 108266 116680 101137 81184 
20 Cooling partial load 50% more capacity 104544 110005 97737 77948 

21 Occupied hours Increase 2 hours 111946 115992 108602 85519 
22 Occupants increase 50% 100596 105101 96354 78472 
23 Vacation schedule add July vacation 95692 103417 86606 71844 
24 Weather files swap Eugene/Richland 120408 113508 100163 85361 

., determined from Alternate Base 



SENSITIVITY 'ANALYSIS 

DOE 2.1 ADM2 SEA TRAKLOAD VCACS DOE 2,1 ADM2 SEA 

F A c E D F A c 
annual energy consumption, kWh annual 

97293 101525 105888 93154 77754 97293 101525 105888 
108888 77903 108888 

annual energy savings, kWh percent 
97533 1090 1844 -5881 -8402 -240 1. 1 1.7 
96628 359 1043 921 -1523 665 0.4 1. () 

92493 5738 6072 4126 1791 4800 5.7 5./ 
75968 14878 28096 19759 -284 21325 14.7 26.5 
94949 -155 6203 -3802 -1961 2344 -0.2 5.9 
94943 218 3063 2733 -1296 2350 0.2 2.9 
98274 -573 -4061 -1375 2320 -981 -0.6 -3.8 
97105 1553 -72 -2128 0 188 1.5 -0.1 

101166 -13309 -3121 -1487 -1707 -3873 '-13. 1 -2.9 

108819 ** -17217 -2373 -62319 -19061 -11526 -17.0 -2.2 
97096 4649 2477 -61 5379 197 4.6 2.3 

101187 -467 -4824 -2645 -843 -3894 -0.5 -4.4 

92455 1614 6310 4218 8127 4838 1.6 6.0 
97430 3614 -574 208 -1029 -137 3.6 -0.5 
98948 -1850 -1229 -1771 -3088 -1655 -1.8 -1.2 

96121 2861 1287 2655 864 1172 2.8 1 2 
72857 19910 22996 14712 4455 24436 19.6 21.7 

119555 -44659 -57563 -34738 1996 -22262 -44.0 -54.4 
96101 -39763 5280 -7456 1737 1192 -39.2 5.0 

111611 -6741 -10792 -7983 -3430 -14318 -6.6 -10.2 
112010 -3019 -4117 -4583 -45 -14717 -3.0 -3.9 

113393 -10421 -10104 -15448 -7765 -16100 -10.3 -9.3 
96540 929 787 -3200 -569 753 0.9 0.7 
98010 5833 2471 6548 5910 -717 5.7 2.3 

113490 -18883 -7620 -7009 -7607 -16197 -18.6 -7.0 

** = ADM2 and SEA signs reversed for consistency 



SENSITIVITY MEASURES 

TRAKLOAD VCACS DOE2.1 
E D 

energy consumption, kWh 
93154 n154 

n903 

annual energy savings 
-6.3 
1.0 
4.4 

21.2 
-4.1 
2.9 

-1.5 
-2.3 

-1.6 
-66.9 

-0.1 
-2.8 

4.5 
0.2 

-1.9 

2.9 
H5.8 

-37.3 
-8.0 
-8.6 
-4.9 

-16.6 
-3.4 
7.0 

-7.5 

-10.8 
-2.0 
2.3 

-0.4 
-2.5 
-1.7 
3.0 
0.0 

-2.2 
-24.5 

6.9 
-1.1 

10.5 
-1 .3 
-4.0 

1.1 
5.7 

. 2.6 
2.2 

-4.4 
-0.1 

-10.0 
-0.7 
7.6 

-9.8 
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F 

97293 

-0.2 
0.7 
4.9 

21 .9 
2.4 
2.4 

-1.0 
0.2 

-4.0 
-11 .8 

0.2 
-4.0 

5.0 
-0.1 
-1.7 

1.2 
2~.1 

-22.9 
1.2 

-14.7 
-15.1 

-16.5 
0.8 

-0.7 
-16.6 





APPENDIX K: APPROVED COMPUTER PROGRAMS - CALIFORNIA ENERGY COMMISSION 





Building Energy Efficiency Standards 

California Energy Commission 

Approved Computer Progr.ams.:· 

March 22, 1990 

TO ALL INTERESTED PARTIES: 

The following list of energy analysis computer programs includes aJI Alternative 
Calculation Methods approved by the California Energy Commission, in accordance 
with Title 20, section 1409, of the California Administration Coda, for use in complying 
with the energy budgets of Title 24, Part 2, Chapter 2-53. The individual programs are 
listed below under specific categories as follows: 

Residential Buildings, Second Generation 
Solar Water Heating 

Nonresidential Buildings, First Generation 

Nonresidential Buildings, Second Generation 

These are the only programs that should be used under the energy budget alternative 
methods of compliance. 

Note: Price listings of proprietary programs are available from the vendors. at 
addresses and telephone numbers listed. 

P400-00-012 



•• 

Program Namt 

**CALRES 1.0 

**MICROCHECK 1.0 

CALPAS 4/T AKE OFF 1.10 

EASY CALC 010189A 

MICROPAS 3.0 

F-Chart 4R 
Version 2.00 

F-Chart 3 & 5 Series 

Solargy-F 

F-Chart 4.0 & 4.1 

Residential Bulldlngs 
Second Generation 

Contact Pt[IQD 

P400-88-009 $17.00 

P400-89-001 $22.00 

Energy Hotline 
(916) 324-3376 
caoo> n2-3300 
Bruce Wilcox 

Eric Tomey 

Ken Nittler 

Solar Wattr HHtlna 

Rick Rodgers 

Sytvia Beckman 

Tom Rotchford 

Adclreg and Telephone 

California Energy 
Commission 
Publications, MSQ 13 
P. 0 . Box 944295 
Sacramento, CA 94244-2950 

BSG Software 
2560 9th Street. Suitt 212M 
Berkeley, CA 94710 
(415) 841-5735 

Energy T oolworks 
207 Kent Avenue, #1 
Kentfield, CA 94904 
(415) 925..()847 

Enercomp 
123 C Street 
Davis, CA 95616 
(916) 753-3400 

California Micro Utility 
1195 Park Ave. Suite 202A 
Emeryville, CA 94608 
(415) 658-1273 

F-Chart Software 
4406 Fox Bluff Road 
Middleton, WI 53562 
(608) 836-a536 

Solargy, Inc. 
22028 Ventura Blvd., Ste. 207 
Woodland Hills, CA 91364 
(818) 34 7-<5096 

Solar Energy Laboratory 
University of Wisconsin 
Madison, WI 53706 
(608) 263-1589 

Microcheck and Caires are energy budget compliance tools which have the same goals and fixed 
assumptions. They do virtually the same calculations, yet their input stytes are different Both programs reference 
the Energy Conservation Manual (P400~2). 

Microcheck has a tutorial and color screen option. Also it was originally designed to be a plan 
check tool using input information of other certified programs. Thus, one can input information from a 
CF1 R form to verify compliance. 

Caires has pull down screens. 



NONRESIDENTIAL STANDARDS 
FIRST GENERATION 

Approved Energy Analysis Computer Programs for "Old" Nonresidential Energy Standards (Tltl9 24, Part 2. Olapter 2-53. Sections 2·5321 through 2·5333) for 
use with Energy Budgets in Section 2-6322. 

P!ocnm Narnt 

AC PAOG 1, REV 1.4 
and Energy 1, REV 2.4 

July 19, 1979 

DOE 2.0A 
hAatcn 30. 1978 

DOE 2.0A 
Sept9mber 1. 1980 

DOE2.1A 
February 1982 

DOE 2.18 
October 19815 

DOE 2.1C 
$eJ>t9mber 1987 

DOE 2.1C 
September 1. 1980 

ESAS 
August 3. 1981 

MICRO-DOE 2. 1 C 
September 1987 

PC-DOE 
January 1987 

TEMPMASTER 
September 14, 

1979 

Trace II 
April IS, 1983 

Trace II 
August 3, 191!11 

Trace 500 
July 13, 1978 

EP 3.3 
hAatcn 1, 1979 

Axcess VI 
April 1, 1978 

Westingl:louse Energy 
Study Program 

May 21. 1979 

Pcbert Z. Gibson, P.E. 
31 18 Fulton Avenue. SUite 1 
Sacramento. CA 96821 
(916) 484-8715 

Programs and service are no 
longer available. 

National Energy Software 
Center 

9700 South Casa Avenue 
Argonne. IL 50'38 
(708) 972·7~ 

Zuliflkar Cumall 
Consultants Computation 

Bureau 
1 'Mid Wood Gardens 
Piedmont CA. 94811 

?.oss F. Meriwether 
Consulting Engin .. ring 

331 s Outrider 
San Antonio, TX 78247 ~ 
(S12) 490-7081 

Acrosoft lntematlonal. Inc. 
97 45 East Hampton Ave. 
Suite 2JO 
Denver. CO 80231 
(303) 36Pr~ 

Program and services are no 
longer available 

Jim Dean 
Tempmaster Corporation 
1222 Ozane StrHt 
N. Kansas City, MO 54115 
(816) 741~ 

Mick Schwedler 
The Trane Company 
3600 Pammel CrHIC Road 
~ Crosee. wt ~t 
(eo8) 787~ 

Boeing Computer Service 

Energy Management Service 

Edison Electric Institute 

Westinghouse Electric Corp. 

O!!lsNtloft Cod! Nulllber 

CP003 

CP01S , , 
CPO HS 

CPO 19 

CPOOIS 

CPOC» 

CPO 13 

CPO 17 

CPO 10 

CP008 

CPO 11 

CPO 04-11 

CP004 

CP0-08 

CP0-10 

CP0-12 

1.000 

0.780 

1.000 

1.00CJ 

1.020 

1.0.. .. 

1.CXX> 

1 2-40 

1.020 

1.080 

1.000 

1.000 

1.000 

1.000 

1.080 

1240 



NONRESIDENTIAL STANDARDS 
SECOND GENERATION 

Approved through December 31, 1990 

Approved Energy Analysis Computer Programs for New Office Energy Efficiency Standards (Tit» 24, Part 2. Chapter 2-~. Sections 2-~ 1 through 2-5343) 
for use with Energy BudQeta in Sec:tiOn 2-~ 1. · 

* 
+ 

P!osnm Nam Contact Person AddrMI !!!51 O..laNtlon Code Num0er 
T!l!pbont Numb«! 

ADM2 Tagl'li Alereza CP003 
Version 4.1 ACM Associates 

3299 Ramos Clrcle 
Sacramento, CA W27. 
(91e} JeJ..3383 

I 

Compty 24 Mike Gab!I Of Martyn Codd cPO'a7 
Version 2.1 Gabel Dodd Associates 

1818 Harmon Street 
Bertceley, CA 9'703 
(41S) 428-0803 

DOE 2.1A BruceT. ~ CP001 
DOE2.18 Califomia En!l'gy Commission CPO-OS 
DOE 2.1C 1S18 9th Street MS 2S CPO-al 

Sacramento, CA 96814-5e12 
(9HS) 324-3383 

Or Oata Gln!l'al Version The National En!l'gy 
Software Center 

9700 South Cass Avenue 
Argonne. IL 50439 
(708) 972-72!i0 

HAP James A. Hall CPO 11 
Version 1.1 Carrier Corpcration 

1900 Embarcadero. ~ite 101 
Oakland, CA 94&>15 
(41S) 53e-S2!i0 

MIC~DOE Acrosoft International, Inc. CPO 10 
Version 2. 1 C 97 4S East Hampton Ave. 

Suite 230 
Denver, CO 80231 
(303) 368-9225 

PC-DOE Program and services are no CPO ()I 
longer available. 

SCM Jay Roman CP002 
VersiOn 2.0H California Energy CommiSlion 

1S18 9th Street. MS · 2S 
Sacramento, CA 96814 
(918) 324-3378 
1~n2-33eO 

OR TO PURCHASE OFU)EA: 

SCM 2.0H 
P400-*-013 ($19.98) 
Califomla En!l'gy Commission 
Publications. MS - 13 
P.O. Box 9"296 
Sacramento, CA 9'244-~ 

Trace~ Mick Schwedler CP005 
Trace II The Trane Company CPO 06-11 

3600 Pammel Cr!ele Road 
u Crosse, WI ~1 
(608) 787~ 

911mate Dependent Energy Use Multlpli!I' applied only to Heating, Cooling, Fans. and Pump Energy lJs!I. 
Program internally uses this Multipli!I' to prOduce adjusted results. 

~ Cornc:Uon Faeto 

1.030 

1.027 

UXlO* 
1.020 
1.°"' 

1.012 

. 1.044 

1.020 

1.ro:r- + 

0.980 
0.980 



APPENDIX L: GLOSSARY 

1. average energy end-use divergence: A statistical measure of how far the 
monthly energy simulated for a building on an end-use basis departs from 
a defined standard, such as metered end-use consumption data. 

2. average monthly divergence: A statistical measure of how far the total 
monthly energy simulated for a building departs from a defined standard, 
such as the energy billed by the utility 

3. base building: An energy simulation model representing an existing 
building o,r an initial design concept for a new building, and used as a 
•'base" for comparisons with other models that simulate ECMs. 

4. BPA--Bonneville: Bonneville Power Administration 

5. a. building energy simulation model: A computer-based mathematical 
model of the way energy is consumed in a building 

b. building energy simulation software: Computer software used to 
simulate the energy consumed in a building represented by a building 
energy simulation model simulation software 

6. CAP: Commercial Audit Program, a commercial-sector energy 
program sponsored by Bonneville. 

conservation 

7. CFM: Cubic feet per minute 

8. COP: Coefficient of Performance. The ratio of how much energy is 
extracted from an equipment compared to the energy needed to perform the 
work, expressed in the same energy units. 

9. CREUS: Commercial Retrofit and End-Use Study, 
conservation program sponsored by Bonneville, 
predicted and actual energy savings achieved 
measures are installed in existing buildings 

a commercial sector energy 
focused on comparing the 
when energy conservation 

10. ECM/ECO/energy conservation measure: Energy Conservation Measure. A 
specific effort to reduce the building energy consumption, involving a 
change in a building or equipment component, or their operation and 
maintenance 

11. ELCP: End-Use Load 
conservation program 
measurements of energy 

and Conservation Assessment 
sponsored by Bonneville, 

used in various buildings 

Program, 
focused 

an 
on 

energy 
field 

12. end-use data: Energy consumption data categorized by "end uses" - the 
way the energy is used within the building, such as heating, cooling, 
lighting, water heating, and miscellaneous equipment 

13. end-use energy profile: A graphic representation of a building's energy 
use by end-use categories, for each month of the year. 

L-1 



14. input data file: One or more computer files, usually on disk, containing 
information that defines a building energy model. 

15. latent heat: Thermal energy associated with changes in state, usually 
evidenced in the amount of water vapor present in air. 

16. Level l/Level 2/Level 3: Building types, by size and complexity, defined 
for the Cormnercial Audit Program.. Level 1 is a small, simple structure 
approximately comparable to a residence. Level 3 is a large, compl ex 
s truc ture usually in excess of 5000 square fee t and/or with central air 
distribution often of more than one type. 

17 • . MCS: Model Conservation Standard. Reconunended practices for design and 
construction of energy efficient buildings. 

18. modeler: A user of building energy simulation software. The person who 
constructs computer models and conducts simulations to obtain estimates 
of building energy consumption and savings 

19. OSA: Outside air. Air brought into the building through the HVAC system. 

20. sensible heat: Thermal energy evidenced in changes in temperature 

21. tweaking: Changing the values of input parameters to achieve a 
particular output from an energy simulation model. Changes may be 
related to rea.1-world conditions, or simply whatever is necessary to get 
the desired result. 

22. user: A user of building energy simulation software. A modeler 

23. weather data file: A computer file containing weather data (such as dry 
bulb temperatures, by bin or hourly) in a format compatible with the 
progranuning requirements of building energy simulation software 

L-2 



INDEX: EVALUATION OF SOFTWARE 

acceptance 9-6; 10-13,15,20; 11-4,5; A-9 
ADM Associates 7-6 
ADM-2 5-2,8,47,55; 6-3,17,18,36; 7-7,8,12,13; 8-10; 9-4 
air supply 5-12; 6-17,19,25.,28 
ASEAM 2-5; 4-30; 5-2; 9-1; 11-1,13 
ASHRAE 2-3; 4-1 •• 3; 5-9; 7-8,15; 9-1,4; 10-17,19,22; 11-17; B-4 
assignments 5-4,5 
audit D-2,6 
average divergence see divergence 
average energy end-use divergence K-1 
average monthly divergence K-1 
averaging 4-23 •• 25, 8-10; 10-6,17, 11-4,12 

base building/model 4-2; 7-17; 8-8,10; 9-10; 11-14 
5-1,5 •• 7,35,45,51,55,58; 6-1..19,24,36,37; 10-2,3,7,17; K-1 

Battelle-Pacific Northwest Laboratories (PNL) 2-4,5; 4-23,26 
benchmark 8-10 
billing history 4-12,14,15,17,20; 5-13,15,22; 7-17 
billing interval 4-1 
billing variability 4-13 
bin models 4-6; 10-16,18 
Bonnevi!le Power Administration (BPA) 1-1 •• 3; 2-1,5; 4-23,26; 5-2,4; 9-1; 

10-1,15,22; ll-1,4,7,13,17; ~-1,2,10; K-1 
BPA see Bonneville Power Adminisration 
Building Description Files 4-30; 5-1,3,4,6,61; 8-8; 10-6; D-1 •• 6 
building energy consumption 8-10; 9-9,10,14; 10-10,14 
building energy simulation 2-1,6; 4-1; 5-1,4,5,7,20,22,56,57; 6-1,9; 8-8 •• 9; 

9-14; 10-17; 11-13 ,15 
building energy simulation models 5-13,15,25,35,55; K-1 
building energy simulation software 1-1, 5-2,7; 7-19; 8-1,7 •• 9; 9-2,11; 

10-5,15; 11-6; C-7 

calendar 
CAP 

4-12 ,13 ,17 ,20 ,26; 5-35 ,47; 11-12 
2-1,3,4; 3-2; 4-12; 5-3,6,7,51; 9-9 •• 12; 10-3,19; 11-13 ; 
B-1,3,4; C-4,7,9; A-3,4; K-1 

capacity, plant and equipment 5-12; 9-10 
checklist 7-1, 8-2; A-3 
comments 5-6,7,56 •• 61; 6-36; 7-6 •• 19; 8-9; 10-22 
Commercial Audit Program see CAP 
commercial buildings 1-1; 2-1. .3 ,5; 5-34 ,56; 9-1; 10-3 •• 5 
Commercial Retrofit and End-Use Study see CREUS 
computerized models 2-3 
conclusions 3-4; 5-13; 6-36; 8-2; 9-12; Ch 10; C-11 
conforming, programmed 5-57,58; 10-13 
COP K-1 
cost 

CREUS 

2-5,6; 3-2; 4-4; 5-51; 7-16,17; 9-2,6,7; 10-13,14,16 •• 19; 11-2,5; 
A-2,4,5,10; C-9 
2-1,5; 4-30; 5-2,3; 6-2; 11-1,13; D-1; K-1 



Cycle 1 
Cycle 2 
Cycle 3 

5-3,9,10,13 •• 15,18 •• 20,47,59,60; D-1 
5-12 •• 15,20,25 •• 35,45 •• 47,55,59,60; 10-4 
5-6, 13, 20, 35 •• 50, 61; 6-2 •• 4,9,37; 10-3,4; 11-16 

data see input data 
data logging 4-12 
degree days 4-10,11; 5-9,58,60 
demand 2-4; 4-8,12,17; 5-60; 7-14,18; 10-19,20; 11-14,16 
descriptive building data files see building description data files 
divergence 5-46,47; 6-16; 10-3,13 
documentation 7~6,10,12; 9-7,8; 10-15; 11-4,5,8,9; A-6,9 
DOE 2.1 4-9; 5-2,9,12,47; 7-1,11,18; 8-3,8,10; 9-1,8; 10-3,6 

ECM see 
ECO 
ELCAP/data 

Energy Conservation Measures 
K-1 
2-1,4; 3-3; 4-6,12,23, 4-26 •• 29; 5-1,3,22 •• 25,34,35,45,47; 
6-2 •• 4,9,17,37; 8-10; 10-10; A-9; C-7; K-1 

end-use categories 4-23,26; 5-6,22,23,45; 9-8,10,13; 10-10; 11-5,12 
end-use data 4-26,27,30; 5-1,12,25,35; 6-3; 9-10,13; 10-7,10; 11-1,5 

K-2; A-5,8 
end-use energy profiles 5-22 •• 45,48-50,55; 6-9 •• 15,17,18,36,37; 10-20; 

11-4 ,5 ,12; K-2 
energy audit 2-3;5-3,15,56; 10-3,10; 11-2,5; A-3 
energy conservation 5~1,4006; 9-13; A-8 
Energy Conservation Measures 2-1,2; 4-30; 5-6,35,51 •• 61; 6-3,24,36; 7-9; 

8-10; 9-1,2,4, 10,11,14; 10-2 •• 4,7,14,16 •• 19; 11-3,5,12,12,16; 
A-1 •• 5,8; C-8,9; K-1 

energy conservation programs 1-1; 2-1,5; 5-2,6,56; 6-36; 10-1,4; 11-2,7,13 •• 15 
energy consumption 1-1; 2-1,3,4,6; 3-2; 4-1,4,8,17,20; 

5-6,13,15,25,34,35,56 •• 61; 11-12,14; C-1,5,10 
energy efficiency 9-8 
energy simulation model 4-4,7; 5-25 
envelope 6-24 •• 27; 9-12; 10-14; D-2,3 
error 4-1..6,12,.27; 5-8,13,56; 6-9,17,36,37; 7-13,14,16,17; 

9-1 ,3 ,5-7. 9 ,10 ,12 ,14; 10-2 ,4, 8 •• 11 ,14; 11-7 ,14; 
A-6 •• 8 , 11 ; C-6 , 7 , 10 

estimated savings 2-1; 5-51 
experience 

field audit 

glossary 
goals 

1-2; 2-5,6; 4-4,13,20; 5-4,5,7 ,55,58; 6-2; 9-2,12; 10-5,6,12,18,20 
11-3,5; B-1; C-5,9,11 

4-3 

K-1 
2-1,5,6; 3-3; 4-13,17,23; 5-9; 6-9,37; 7-19; 8-10; 9-7; 
10-1 ,11 ,20; 11-2 

hourly models 4-6; 7-11; 10-13,16,18 
HVAC/auxiliaries 4-20; 5-22,25,47,58,60,61; 6-17 ,25,36,37; 9-2,9; 10-14,17,19; 

11-12; A-8; D-2,3 



implementation 4-2,4; 10-18,19 
implementation variables 4-3; C-9 
index see Performance Index 
index, energy A-6 
informed simulations 5-13 ,1 •• 57 
input data and parameters 2-2; 4-2,4,6; 5-6 •• 9,47,55; 6-3,4,7,37; 

7-8,11; 9-11; 10-7; 11-3,4,7; A-3 
input data file K-2 
input requirements 9-8 
input variables 4-3; 6-2,7,9,16,17; C-4 •• 7 
interactive ECMs 4-1; 5-51; 7-9; 10-14,18; 11-5; A-2,5 
interfacing, modeler/software 5-8; 10-17,22 
interpretation variables 4-4; 10-20; C-11 
interval variability 4-12,13,16,18,19 

latent heat K-2 
levels, audit 5-3; K-2 
lighting 2-4; 4-8,27; 5-7,12,25; 6-25,30; 10-14; A-5; D-2,5 
literature review 3-3; 9-1,14; 10-6,7,17; c~5,8 

manuals 
MCS see 
metering 

7 -1 , 6 ; 9-8 ; 11 -1 , 5 , 8 ; A-2 •• 4 , 7 
Model Conservation Standard 

2-1,4,5; 4-4,12,17,23,26,27,30; 5-22,35~45,61; 9-S •• ib; 
10-9 •• 11; C-7 ,10 

methodology 3-1; 6-1,2; 9-1,6,8; 10-5 •• 7,15; 11-12 •• 17; A-3,5,7 •• 9,11 
Model Conservation Standard (MCS) 2-3; 6-2; 10-6; A-1 ,2; 'K-2 
model selection 6-3 
modeler assignments 6-4 
modeler choices/interpretations 3-2; 4-2,3,6,9,20; 5-1,3,7,8,20; 6-9; 8-10; 

9-12; 10-14,16; 11-15,16; C-4,5,9 
modelers 1-1; 2-5,6; 3-1,3; 4-3, 6 •• 9,12,13,17,20; 

5-1,3 •• 15,20,21,25,35,47,51,55 •• 61; 6-1 •• 4,·7 ,9,17 ,19,25,37; 
7-10,11,19; 8-2; 9-4,6,10 •• 14; 10-1..6,9 •• 21; 11-3 •• 5,12,16,17; 
A-4,5,9 •• 11; B-1; C-4 •• 7,9; K-2 

modeler variables C-4,5,8 
modeling .. 2-2; 3-1; 4-4,13,17; 5-l.~13,34,51,56 •• 61; 6-1,4,17,25; l-19; 

9-1,2,8,11,13; 10-1..5,7 ,10 •• 14,16 •• 20; 11-2 •• 5,13 •• 17; C-5 
modeling goals 4-1 ,13,17,23 
modeling process 1-2; 2-5,6; 4-2,4,13; 5-4,6,58; 7-9; 10-1 ,18 
modeling software 2-4; 5-2,58; 7-1,19; 11-3 

objectives 2-5 . 
occupancy · 2-4; 4-3,4,17,20; 6-34,35; 10-6,10; 11-3; D-2,5 
opinions 1-2; 3-4; 6-1; 7-1; 11-3 ,16 
output results 4-5; 6-2,3,16,17 
output variables 4-3; C-10 





parameters 4-2,3; 5-6 •• 13,47,55,59; 6-2 •• 9,16,37; 8-2,8; 10-6 •• 12; 11-16; C-7 
performance: index ' 3-4·; ~ 6-37~ , 9-13; 8-1. .11; 10-6,17 ,20 . ;.22; r· 1J:-2 ,6 ,15 ,17 
pertormance standard 2-6'.' · . . ··I, : ; ~.;; . : : , ;? , :.-· 

plant 5-12; 6- 32,33; 11-9,12,16 S.- X ;,.;, ; , , 
policy 9-11; 11-2 ::: ',, J , • • ~ ' " .' CJ " 

practices 5-2; 11-2 •. 5 ;., 
prescriptive path 9-13; 10-14,18; 11-1; A-2 
prime contractor 1-2, 5-4; B-1 
project team 1-2; B-1 •• 10 

;,.._' .... .... ; . ~ -~-- 1 \ f .._ (· · · ~ 

,.. ' 

qualifications 2-6; 6-1; 10-12··; -u-3; B-1; c:..5_·, - · ·· 
quality 10-8,11,12; 11-2,3,13; ~-1 
quality assurance/control 9-5 •• 7; 10-15; 11-7,9; A-6 
quality, software 2-2; 3-2; 4-2 •• 4; 5-57 •• 59; 9-5 •• 7 

·: • .:.J ' 7~ ,. ~: - ;, •· ; .~· :. .. • _- I " ,• ~. ·~ .,, -

'·"" 

t j .... '. .... . . .... . ~ 

:: I .µ,...,.~ ; ;.._, "' ~ ·v ·.,' J 1. l.~i : .. ~ .J 

ranking 8-3,5,7 •• 10; 11-7 · 
recommenaat ions': · :~i(, ,f ,12 ·,51 ,55 •• 57 ,60 ,61; 6:..36; 10-14 ,18; :.Cha'pt"er. 11 .. 
references 2-1; ~9-'9 

residential s imulat'iort 2-3 ;' 5-56 
response profiles 6-19 
review 8-9; 9-1; 10-11; 11-5,15 

\ ·:_.;; 6 · ~ ... .'.S 

"1 . · .. 
~ .,,) ~ · -· ~· 

round robin simulations 3'-2,3; 5-3,6; 6-2 •• 4; 10-5; 11-15,16; A-5 

sample selection 5-1 •• 3 C:l. 1 . . · ·. 

sEA · >s-2,;a;9~47,55' ; 6..:4;1 ,11 ,19;··1•7';13,14;' s--3 ,1 ,10 , (J · : • .', 

sensible heat K-2 ·\ .·) 
sensitivity analysis/study 3-2,3; 5-7,9; 6-1 •• 9,17,19 •• 37; 8-2,8,9; 9-5; 

10-3,7,20; 11-12,14,16; C-4 
sensitivity measures 5-57; 6-7 •• 9,16,19 •• 37; 8-3,8; 9-2; 10-3; 11-16 
sensitivity profiles 6-20 •• 23 
sensitivity simulations 6-4,19; 11-16 
significance 2-4; 4-2,4,5,9; 5-25; 6-25; 8-7,10; 9-1 
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