benefit-cost ratio values, which serves as test of cost-effectiveness for energy efficiency
programs.

Sensitivity analysis showed no difference in the overall impact of the lighting programs
in Michigan when studies with high and small effects size in turns were removed from
the analysis. In addition, removal of studies with less precision showed no difference in
the overall impact for lighting programs in Michigan.

The discount rate of 3% was used to run the COBRA model to reflect interest rate
consumers may be entitling to on government backed securities, and favors future
benefits to consumers. An interest of 7% reflects opportunity cost to private investors,
favoring immediate benefits, thus reducing the economic value of future benefits to such
investors (EPA, 2015). The latter result of using higher interest rates will result in higher
economic values than using 3% as the discount rate. However, social benefits programs
that benefit the society are viewed from a longer term and not purely on immediate
economic benefits. Energy efficiency programs interventions are designed for the
betterment of society, and a program with a lower interest rate stands to add more value
to the quality of life enjoyed by the society than one with a higher interest rate. An
assessment of the programs impacts shows that energy star program has more impact
than any of the other programs at a higher investment cost. It could be argued that the
goal of the programs is to save energy that brings about improvement in air quality,
which leads to avoided pollutants and health effects. The wellbeing of the society, and the
huge monetary savings might be good reason to continue investment in energy star
program as providing more social benefit. It could be that increase investment in other

programs with less impact may turn the programs for a huge impact. It is hard to make a
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conclusive statement in the face of variations in weather effects and natural disasters
situations, the failure to record energy saved during such times.
Results and Implications

The implication of the results is the core reason for a meta-analysis on lighting
programs in Michigan. The results show that lighting programs have an effect in
Michigan, and the impact of these programs vary in their level of impacts. The energy
savings lead to reduced amounts of pollutants as the air quality improves, thereby leading
reduced health effects and savings on disposable income, which can be channeled to
other areas of economic development in the state of Michigan.

The evaluations of energy efficiency programs in Michigan over the years has
been given separate energy saving results annually without comparing the programs
overtime to see how well a program does by certain measures of energy savings,
associated investment amounts, air quality and health implications for embarking on a
program versus not embarking, for instance. It also has implications for the type of
lighting efficiency program used for energy saving interventions, and not just the dollar
value invested, but how well the program would both save energy and reduce the amount
of pollutants in the air responsible for health impacts in Michigan. It is imperative that
utilities work in tandem with the Environmental Protection Agency to help engagement
of the social implications of the program, and not just structuring a program based on
engineering analysis that hardly captures the social implication of a program’s energy

saving.
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Contribution of the Research to the Field of Evaluation

The information available on methods for quantifying energy savings from
lighting programs have not used meta-analysis as a method of evaluation on lighting
programs in Michigan. This study is a pioneer in using the method of meta-analysis in
quantifying the impact of energy savings between the periods captured, as well as
quantifying the GHG and pollutants avoided and the health implications. To the best of
my knowledge, there has been no study that employs the use of comprehensive meta-
analysis (CMA) software, CO-Benefits Risk Assessment (COBRA) screening model and
eGRID2014 year 2017 to determine the impact of energy savings with respect to the
investment, or that determines the economic value of the health effects on a general basis
and specific health issues in Michigan. The study adds to the evaluation competences in
knowledge, skills, and abilities tempered with attitude to embark on evaluation
effectively using the method that bring results to the program beneficially. Hence, an

enhanced decision-making and quality judgment of a program is ensured.

Recommendations for Further Research on Lighting Efficiency

There are scant research studies at present on lighting in Michigan, and especially
ones that employ meta-analysis as a research method to quantify and determine the
effects size (impact) of energy savings on lighting. Lighting efficiency research should
employ meta-analysis as a method of evaluation in Michigan where the differences in
effect size (impacts) of programs are explored further. Hence, there may be moderating
variables like giving one program an incentive than another or providing more rebates
that explain the variations in a program’s impact, for example. In addition, there should

be further research in lighting programs that capture the cumulative savings of specific
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energy saving lamps, instead of programs over time, for proper utility of such energy
saving lamps for energy policy decision-making. Utilities, program administrators, and
evaluators should be encouraged to group energy saving values not just on the types of
lighting lamps, but on the baseline value of such lamps to help determine the savings

from such lamps.

Summary

The disaggregated energy savings from lighting programs are captured with an
overall summary effect for the period considered for the programs, and the impacts for
the lighting programs differ in Michigan. The more the impact of energy savings from a
program, the more the avoided particulate matter concentration, and the more the avoided
health impacts in Michigan. The economic value on health-related impact is enormous,
and priority should be given to programs that give the most impact in energy savings for
at least five years irrespective of the initial investment. The economic impact of the
health implications would in the long run be more than triple the initial investment in the

energy efficiency of a program that failed to be implemented.
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Appendix B

Forest Plot for Overall Program Impact
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Forest Plot for the Overall Program Impact

Study name Subaroup within study. Statistics for each study. Hedges's g and 95% Cl
Hedges's  Standard Lower  Upper
F) emor  varance limit  limit Zvalue pValue
CE Energy 2009 CICFL_LED Pgm 0.105 o.118 0014 0127 0337 0.887 0.375 —|-—
CE Energy 2009 ClPres_Cust Prgm 0.500 0.100 0010 0304 0696 5000  0.000
CE Energy 2009 EnergyStar Prgm o.383 0.105 0011 0177 0589 3652  0.000
CE Energy 2009 ResCFL_LED Prgm 0.277 014 0013 0054 0500 2420 0015
CE Energy 2010 CICAL_LED Pgm 0.171 o.118 0.014 -0.061 0.403 1.445 0.148 +.-—
CE Energy 2010 CIPres_Cust Prgm 0.566 0.100 0010 0870 0762 5660  0.000
CE Energy 2010 EnergyStar Prgm o533 0105 0011 0327 0739 5082  0.000
CE Energy 2010 ResCFL_LED Prgm 0.237 o114 0013 0014 0460 2079 0038 —_—
CE Energy 2011 CICRL_LED Pgm 0578 o118 0014 0346 0810 4885  0.000
CE Energy 2011 ClPres_Cust Prgm 0.103 0.114 0013 0120 0.326 0.903 0.366 —H-—
CE Energy 2011 EnergyStar Prgm 0.422 0.105 0011 0216 0628 4024  0.000
CE Energy 2011 ResCFL_LED Prgm 0.145 0114 0013 0078 0368 1272 0203 N -
CE Energy 2012 CICAL_LED Pgm 0.101 0118 0014 0131 0333 0854 0393 A
CE Energy 2012 CIPres_Cust Prgm o.681 0.100 0010 0485 0877 6810  0.000
CE Energy 2012 EnergyStar Prgm 0.543 0.105 0011 0837 0749 5177  0.000
CE Energy 2012 ResCFL_LED Prgm 0.302 0114 0013 0079 0525 2649 0008
CE Energy 2013 CICFL_LED Pgm o333 o118 0014 0101 0565 2814 0005
CE Energy 2013 ClIPres_Cust Prgm 0.133 0.100 0010 -0.063 0329 1330 0184 +i—
CE Energy 2013 EnergyStar Prgm 0.500 0.105 0011 0204 0706 4767  0.000
CE Energy 2013 ResCFL_LED Prgm 0.342 0.114 0013 0119 0.565 3.000 0.003 —;
CE Energy 2014 CICFL_LED Pgm 0.492 0118 0014 0260 0724 4158  0.000 ——
CE Energy 2014 ClPres_Cust Prgm o.252 0100 0010 0056 0448 2520 0012 — -
CE Energy 2014 EnergyStar Prgm o618 0.105 0011 0412 0824 5892  0.000 .
CE Energy 2014 ResCFL_LED Prgm 0.273 0.114 0013 0050 0496 2394 0017 —i—
CE Energy 2015 CICFL_LED Pgm 0.359 o.118 0014 0127 0591 3.034 0.002 —a1
CE Energy 2015 CIPres_Cust Prgm o523 0.100 0010 0827 0719 5230 0000
CE Energy 2015 EnergyStar Prgm o546 0.105 0011 0340 0752 5206  0.000
CE Energy 2015 ResCA._LED Prgm 0.204 0.114 0013 0019 0.427 1.789 0.074 — -
Kema Inc 2012 CICAL_LED Pgm 0.527 0.105 0011 0321 0733 5025  0.000
Kema Inc 2012 CIPres_Cust Prgm 0.566 0138 001 0206 083 4106  0.000
Kema Inc 2012 EnergyStar Prgm 0.224 0.126 0016 -0.024 0472 1771 0.077 |—-—
Kema Inc 2012 ResCFL_LED Prgm 0.461 0164 0027 0139 0783 2806  0.005
Kema Inc 2013 CICFL_LED Pgm 0517 0110 0012 0302 0732 4720 0000
Kema Inc 2013 ClIPres_Cust Prgm 0.583 0.152 0023 0286 0.880 3.844 0.000 —.—
Kema Inc 2013 EnergyStar Prgm 0.379 0.152 0023 0082 0676 2.499 0.012 —
Kema Inc 2013 ResCFL_LED Prgm o.e88 0176 0031 0643 1333 5611  0.000 —
DTE Energy 2011 CICAL_LED Pgm o0.166 0.134 0018 0097 0420 1237 0216 —+ -
DTE Energy 2011 ClIPres_Cust Prgm 0.119 0.130 0017 0137 0375 0913 0361 — .
DTE Energy 2011 EnergyS tar Prgm 0.156 0.118 0.014 -0.076 0.388 1.318 0.187 -+
DTE Energy 2011 ResCFL_LED Prgm 0.278 0.122 0015 0038 0518 2.270 0.023 ——
DTE Energy13 2015 ClPres_Cust Prgm 0.307 0105 0011 0101 08513 2927 0003 — -
DTEE nergy13 2015 EnergyStar Prgm 0.500 0.105 0011 0204 0706 4767  0.000
DTEEnergy13 2015 ResCFL_LED Prgm 0.121 0.105 0011 0085 0327 1154  0.249 |-
DTEE nergy14 2015 CIPres_Cust Prgm 0.287 0.105 0011 0081 0493 2736  0.006
DTEEnergy14 2015 EnergyStar Prgm 0.500 0.105 0011 0204 0706 4767  0.000
DTE Energy14 2015 ResCFL_LED Prgm 0.230 0105 0011 0024 0436 2193 0028 — -
DTE Energy15 2015 ClPres_Cust Prgm o0.148 0105 0011 0058 0354 1411 058 1=
DTE Energy15 2015 EnergyStar Prgm 0.500 0.105 0011 0294 0706 4767  0.000
DTE Energy15 2015 ResCFL_LED Prgm 0.165 0.105 0011 0041 0371 1573 0116 .
EMI Consulting 2015 CICFL_LED Pgm 0.152 0.158 0.025 -0.158 0.462 0.961 0.336 — -
EMI Consulting 2015 ClPres_Cust Prgm o0.761 0158 0025 0451 1071 4813 0000 -
The Cadmus Inc 2015 EnergyStar Prgm o613 0.274 0075 0076 1150 2238 0025
The Cadmus Inc 2011 CICFL_LED Pgm 0.207 0.179 0032 0144 0558 1157  0.247 -
The Cadmus Inc 2011 ResCFL_LED Prgm 0.459 0173 0,030 0120 0.798 2.650 0.008 —
Cadmus09 2014 ResCFL_LED Prgm 0.303 0.105 0011 0097 0509 2889  0.004 —i—
Cadmus10 2014 ResCFL_LED Prgm 0.427 0105 0011 0221 0633 4071  0.000
Cadmus11 2014 ResCFL_LED Prgm o.761 0105 0011 08555 0967  7.256  0.000 — -
Cadmus12 2014 ResCFL_LED Prgm 0.520 0.105 0011 0314 0726 4958  0.000
Cadmus13 2014 ResCFL_LED Prgm 0.265 0.105 0011 0059 0471 2527 0012 —i—
Cadmus14 2014 ResCFL_LED Prgm o.108 0.105 0011 0098 0314 1030  0.303 .
Cadmus15 2014 ResCFL_LED Prgm o.108 0105 0011 0088 0314 1030 0303 1
OptimalE nergy Inc. 2013 EnergyStar Prgm 0.222 o0.1s8 0025 0088 0532 1404  0.160 -
Kema Incoe 2012 CICRL_LED Pgm 0.2091 0.286 0082 0270 0852 1016 0310
Kema Inco9 2012 ResCFL_LED Prgm 0.598 0.170 0029 0264 0932 3.512 0.000 —.—
Kemallincoe 2012 CIPres_Cust Prgm 0213 0170 0020 0121 0547 1251 0211 -
Kema10 2012 ResCFL_LED Prgm 0.320 0.247 0061 0155 0813 1332 0183
Opinion Dynamics etal 2012  ResCFA._LED Prgm 0.111 0.184 0.034 0250 0.472 0.602 0.547 — .
MP S C# U-15885 2011 CIPres_Cust Prgm 0121 0.205 0042 0281 0523 0590 0555
MP S C# U-15885 2011 ResCFL_LED Prgm 0156 0.202 0041 0241 0553 0770  0.441
MP S C11U-15885 2011 ClPres_Cust Prgm 0.241 0.205 0042 0161 0643 1176 0240
MP S C11U-15885 2011 ResCFL_LED Prgm 0.107 0.202 0041 0200 0504 0528 0597
MPSC# U-16275 2014 CIPres_Cust Prgm 0.202 0.205 0042 0200 0604 0986 0324
MPSC# U-16275 2014 ResCFL_LED Prgm 0.239 0.202 0041 0158 0636 1180 0238
DTE Energy 2012 CICFL_LED Pgm 0.809 0.105 0011 0603 1015 7.714  0.000 —i—]
OpinionDynamics Corp. 2012 ClPres_Cust Prgm 0.092 0.145 0021 0192 0.376 0.635 0.526 —.—
OpinionDynamics Corp. 2012 E nergyStar Prgm o.102 0110 001z 0023 0407 1753  0.080 -
GDSAssociates14 2013 CICA_LED Pgm 0.111 0.152 0023 -0.186 0.408 0.732 0.464 — .
GDSAssociates14 2013 CIPres_Cust Prgm 0.300 0192 0037 0077 0677 1560 0119 -
GDSAssociates14 2013 EnergyStar Prgm 0156 0.315 0099 0461 0773 0496  0.620
GDSAssociates14 2013 ResCFL_LED Prgm o113 0313 0098 0501 0727 0361 0718
GDSAssociates15 2013 CICAL_LED Pgm 0113 0152 0023 0184 0410 0745 0456 —-
GDSAssociates15 2013 CIPres_Cust Prgm 0.300 0.192 0037 0077 0677 1560 0119
GDSAssociates15 2013 EnergyStar Prgm o.285 0318 0101 0338 0908 0897 0370
GDSAssociates15 2013 ResCFL_LED Prgm 0.240 0313 0098 0374 0854 0767 0443
CEEnergy[Amended14] 2013 CICFL_LED Pgm o0.182 0118 0014 0050 0414 1538 0124 1=
CEEnergy[Amended14] 2013 ClPres_Cust Prgm 0.447 0.100 0010 0251 0643 4470  0.000 ——
CEEnergy[Amended14] 2013 EnergyStar Prgm 0.254 0.105 0011 0048 0460 2422 0015 —;—
CEEnergy[Amended14] 2013 ResCFL_LED Prgm 0.955 0114 0013 0732 1178 8376  0.000 —
CEEnergy[Amended15] 2013 CICFL_LED Pgm o318 o.118 0014 0086 0550 2688  0.007 ——
CEEnergy[Amended15] 2013 ClPres_ Cust Prgm o.664 0100 0010 0468 0860 6640  0.000 -
CEEnergy[Amendedi5] 2013 EnergyStar Prgm 0.254 0105 0011 0048 0460 2422  0.015 — -
CEEnergy[Amended15] 2013 ResCFL_LED Prgm 0.955 0114 0013 0732 1178 8376  0.000 —i
0360 0023 0001 0315 0405 15613 0000 P’
“1.00 050 0.00 0.50 1
Favour s B aseline Favour s Inter vention

Overall Summary Effects Size for the Lighting Programs in Michigan
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Appendix C

Forest Plot for Individual Impacts
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Forest Plot for Individual Program Imp acts
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Appendix D

Subregion Emissions — Greenhouse Gases (eGR1D2014) Summary Table
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1. Subregion Emissions — Greenhouse Gases (eGRID2014)
Carbon dioxide (CO:) Methane (CHi) Nitrous oxide (N20) £aruon di‘('::;:“““’a'e“‘
su:Gr:Ig:m eGRll::::eresion Total ol.'uput Tobal-o?tput ] Tolal'm{tput Tntal_m.nput
Aoy (tons) rate (Ibs) rate (Ibs) rate (tons) rate
(Ib/MWh) (Ib/GWh) (Ib/GWh) (Ib/MWh)

AKGD | ASCCAlaska Grid 2,271,327 950.5 235,717 493 36,09 7.6 2,279,397 053.9
AKMS | ASCC Miscellaneous 431,829 682.3 46,590 36.8 7,717 6.1 433514 685.0
AZNM | WECC Southwest 58,722,243 8785 | 8,885,668 66.5 | 1,246,386 93| 59,008,733 882.8
CAMX | WECC California 58,517,758 619.9 | 6,937,645 367 | 846,220 45| 58708429 621.9
ERCT | ERCOTAIl 182,296,859 11032 | 21,994,474 66.6 | 3,056,622 92 | 183,000,174 1,107.5
FRCC | FRCCAI 119,182,697 1,0887 | 19,362,545 884 | 2,656,146 121 | 119,797,706 1,094.3
HIMS | HICC Miscellaneous 1,347,592 946.3 286,274 100.5 45,308 159 1,357,621 953.4
HIOA | HICC Oahu 5,948,003 16171 | 1,289,024 175.2 198,057 26.9 5,992,237 1,629.2
MROE | MRO East 21,264,234 1,675 | 5,059,440 1508 | 744,455 22| 21,432,749 12775
MROW | MRO West 133,211,094 1,2485 | 31,672,607 1484 | 4,580,399 215 | 134,240,219 1,258.1
NEWE | NPCC New England 32,009,498 5782 | 10,854,765 980 | 1,457,118 132 | 32340975 584.2
NWPP | WECC Northwest 156,526,173 9157 | 33,824,194 989 | 4,918,566 144 | 157,643,705 9223
NYCW ::E;Westches - 13,351,441 699.4 955,968 25.0 116,269 30| 13379501 i
NYLI NPCC Long Island 6,941,550 1,2291 | 1,502,503 133.0 194,935 173 6,987,541 1,237.3
NYUP | NPCCUpstate NY 15,874,045 377.2 | 2,719,026 323 | 367,664 44| 15959583 379.2
RFCE RFC East 115,641,481 852.9 | 20,491,528 756 | 3,121,875 115 | 116,340,504 858.1
RFCM | RFCMichigan 65,795,773 15539 | 14,486,516 1711 | 2,081,552 246 | 66270522 1,565.1
RFCW | RFCWest 391,005,851 14971 | 84,252,343 1613 | 12,367,250 237 | 393,807,342 1,507.8
RMPA | WECC Rockies 74,633,546 1,7740 | 15,595,812 1853 | 2,257,672 268 | 75147281 1,786.2
| sPNO | sPPNorth 41,178,975 1,4586 | 9,076,955 1608 | 1,316,804 233 | 41478388 1,469.2
SPSO | SPPSouth 133,299,588 155863 | 25,225,795 150.1 | 3,671,417 218 | 134133529 1,596.3
SRMV f,i:gyM PR 107,443,349 1,160.0 | 16,725,200 903 | 2,400,141 130 | 107,950,986 §i6s8
SRMW | SERC Midwest 152,730,744 1,606.8 | 35,647,560 1875 | 5,183,070 273 | 153,908,419 16192
SRSO | SERCSouth 153,297,552 1,445 | 28,221,764 1054 | 4,189,225 156 | 154,240,455 1,151.6

SRTV SERG Terinessee 164,450,131 13681 | 34,172,508 1421 | 4,985,828 207 | 165,577,158
Valley 1,377.4

SERC
SRV | \irginio/Carolina 124,094,377 8623 | 28,696,177 99.7 | 4,134,405 144 | 125,021,386 —
Us. 2,331,467,711 1,143.0 | 458,218,597 112.3 | 66,181,198 16.2 | 2,336,478,012 1,150.3
Map of eGRID Subregions
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Appendix E

Subregion Emissions — Criteria Pollutants (eGRID2014) Summary Table

116



2. Subregion Emissions — Criteria Pollutants (eGRID2014)

Nitrogen oxides (NOx) Sulfur dioxide (SO2)
eGRID
subregion €eGRID subregion name Annual Ozone Season Total output
acronym Total output Total output issions (tons) ion rate
(tons) rate (tons) rate (Ib/MWh)
(Ib/MWh) (lb/MWh)
AKGD ASCC Alaska Grid 4,919 2.1 2,039 2.2 1,596 0.7
AKMS ASCC Misc 1S 6,103 9.6 2,101 8.8 614.724 1.0
AZNM WECC Southwest 44,154 0.7 20,055 0.6 21,800 0.3
CAMX WECC California 48,701 0.5 21,833 0.5 3,891 0.0
ERCT ERCOT All 112,966 0.7 51,780 0.7 212,177 1.3
FRCC FRCC All 69,228 0.6 31,783 0.6 90,415 0.8
HIMS HICC Miscellaneous 9,845 6.9 4,474 73 5,466 3.8
HIOA HICC Oahu 12,025 3.3 5,242 3.3 35,633 97
MROE MRO East 17,016 1.0 7,193 1.0 42,349 2.5
MROW MRO West 143,376 1.3 58,554 1.4 217,659 2.0
NEWE NPCC New England 26,429 0.5 9,229 0.4 13,337 0.2
NWPP WECC Northwest 206,134 1.2 88,036 1.2 108,765 0.6
NYCW NPCC NYC/Westchester 6,135 03 2,872 0.3 901.075 0.0
NYLI NPCC Long Island 5,230 0.9 2,013 0.8 2,547 0.5
NYUP NPCC Upstate NY 17,504 0.4 5,941 0.3 19,079 0.5
RFCE RFC East 114,682 0.8 41,480 0.7 263,911 1.9
RFCM RFC Michigan 60,056 1.4 26,609 1.4 148,572 3.5
RFCW RFC West 351,300 1.3 141,276 13 820,643 34
" RMPA WECC Rockies 65,616 1.6 27,511 1.6 64,362 L5
SPNO SPP North 32,775 1.2 15,367 1.2 40,185 1.4
SPSO SPP South 101,918 1.2 46,813 1.2 241,092 2.9
SRMV SERC Mississippi Valley 92,588 1.0 43,127 1.0 120833 | 14 |
SRMW SERC Midwest 108,113 1.1 43,987 1.1 249,718 2.6
SRSO SERC South 101,960 08| 41,305 07 268,212 2.0
SRTV SERC T Valley 122,535 1.0 49,906 1.0 264,542 2.2
SRVC SERC Virginia/Carolina 86,316 0.6 35,553 0.6 101,773 0.7
U.S. 1,967,626 1.0 826,081 0.9 3,369,074 1.7

== USEPA, eGRID2014, January 2017
at an area fabs wihin overlapping
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Appendix F

Input — Output Diagram for Energy Savings from Lighting
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