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" James, C., & Colburn, K. (2013). Integrated, multi-pollutant planning for energy and air quality (IMPEAQ). Regulatory Assistance Project (%8
AEE ) . https://www.raponline.org/knowledge-center/integrated-multi-pollutant-planning-for-energy-and-air-quality-impeaqg/
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AT AR AR E T R AR . ASCEL, AR R AE ISR DR T S5 B Y
s, B, T R AT TN S AT B E T AR, DB &R U
T ZR A AR a B A PRI o e e O AR AL 5

TR 3 P2 AL HE I 5 e I IR R . U AR R A e e 5 SRR i3 Oy 2R
fEt (T, AR S s G i DL A R AR B BT AT R ) o TR R s
WAL G ITER T — Rk, RIVE A P BORFIR 2 AEHE I ATl AN )5 4 Chnpi =<
By HeFEPEAEAIE FUE B AE e NBR A2 o BURIIERE I 78 7325 RE I/ 22 i G i it LA B
L BEYRAN S RE T AR BRI AR I A Rt 1A I < 1L DR B A IR A

XM A TR 5 9% ) B B A AR 2 T DACSCRE B0 & A O 22 S W R T AR M A R s . 38—
ANMFAL TP 10 AR B HER,  FERETE T KB

W

Hh E ARSI SR AR IS 7 B, (HIS AV AR AR ST B A T e dhs
(2013 £ 2018 ) KB, Ui LAE CRIIFEAR 1A X3 =0 YL 40 ok )
(PM2.5) ¥REE, FEULIHIE], —Ledf i BRI HE RO > 1 50%2. (H2, R Tk BIE KR
#E, LI E T PM2.5 T3 YR E KT 2011 SEAHELFEAR 90%634. kb — AL B HEBUT)
BERIEATPAT, (R TR, MR A X LA R BB G . RARE
Freetin, X F)d E bR 160 ug / m3 ISR T AR AE T R4S,

2 FRYIFNJE QBRI = A W VE 2 30T PM2.5 T BEas 21 7 oh Bl — bR (02 75 K355 e ). TELLINIA],  db 5t PM2.54E P-4k & QORI v/ 37 77 K T B 3
SR/ T oK

3 Jun, M. (2016, November). The economics of air pollution in China. Columbia University Press.

¢ HE R —ZR PM2.5 FFIGIREATA N 35ug /m’, XL FRXEFE 12ug/m? (U=1F, LR BABRBWH AR DEICESH 350%, HEELZR
THRKIOERSE 25 BOT/ K, —EEHT, LHERY, ELEHRTESSMEITK, SR 2025 FIAEF 25 He/SIITKME,  CRYIT
2016 - 2020 FFASSRMAERIER) . FYTARBREZERS, 2016 3 F 23 H,

5 Clean Air Asia. (2020). China air 2019: Air pollution prevention and control progress in Chinese cities. https://cleanairasia.org/wp-
content/uploads/2020/01/China-Air-2019.pdf
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Rilo TEAER AR EAD [ AT FUNL Q2T T IR, I RFA G R AR AR R RS AR g
AR, XS TN ELS T« 48 AN DX 2 U AL A, DRSS W RENRAT RE S0 H
XA YRI T, AL S AR AR & A
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HIFEREBEAT RS, RN 1 e S R AN R et B e, SEI R KA AU A A s
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R, DAAT BL AR5

o NRERONIT] FEAEREVRITH B — M HEUERE L (business-as-usual) o

o REURH) A MV B AR T B A ORAE FH B B .

o [EBAY RARERCRI AT AR RRUR T H B0k, Billn, ES IR R KA R ERAT
B, R R 0.3%RE R LS4 B 1%°. SR AMET 5 [ i A5 i A 3R RE
ROBRAEFITHE R AT AE R3S AT DATHEE ok . 6 T RT FEAE BRI, AR G2 AT UK K BH B

6 Clean Air Alliance of China. (2015, September). Final new PRC Air Law on air pollution prevention and control [English translation].

http://en.cleanairchina.org/product/7332.html

7 James & Colburn, 2013. See also Colburn, K., & James, C. (2016, September 15). Is it time to retool regulation for clean air, clean energy?
Regulatory Assistance Project. https://www.raponline.org/blog/is-it-time-to-retool-regulation-for-clean-air-clean-energy/

B A I TE N SR HAB I FEMTURG 5 Bl o [ 1) 2 BRG] T Sl ) 2 OB BT R, A AT AT DASRAS R B A o B i R . A
Christopher James & 5 4 K= 78\ 51— TAEFS 1.

O X LLHR I L AFIR . S8 S HEIN A BE RO A R A T 1.5%212% (B 2 . P ETTCUINRTH /B2, DUE BRI T AT 28U
SRS AR 53 — ANV TE A 35 T R YA A N K B I o e s SRR P28 B AR ME SRS 10 75 S0 R R 3 S A2, R B IS 8 28 R FH b e

P 1. James, C. (2014). Building energy efficiency power plants: Cutting through the fog [Presentation]. ACEEE Summer Study, Asilomar, CA.
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FrRETHRIT, B, A PM2.5 / RAETHRI — #8045 IXEME MMESEK GEF A
(K1) BT R S REAT PR R SE LR 75 AR H A AR R SR AR D 7

SSERMNAT—REK
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0 U.S. Environmental Protection Agency. (2018, November). Modeling guidance for demonstrating air quality goals for ozone, PM.s and regional

haze. https://www3.epa.gov/ttn/scram/quidance/guide/O3-PM-RH-Modeling_Guidance-2018.pdf. Greenhouse gas reductions are calculated as

tons reduced. China’s air quality agencies use many of the same ambient models as those used by the U.S. agencies.
RR AR AT P A R YR () 1N R S B HE A T B AL S BB OC R, TJE AL SR e AR R R S s . BRI, DR e e e

1 FO B ) 2R GE AT R LR B
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o fEFZRE @AY G X 2 MG G AR B ARG R BT IS, 2T G WA fiE
VRN I3 TG AR5 RS B . B I 45 FROVBURIE R TE 8, AT fe e
L6 DLt /N BRASSATH e KPR 5 3t B o

2004 4F, EEEZFFEFE (National Academy of Sciences) E K W5 Zs 24> (National
Research Council) P 7ER & TP, SEE S BTETHRIRIFE [m) 2 T XU ) 275 Qe s Ui B
BITES . AL A4 IR 56 B — B8N SUARAT ST RINE ] 1 XA R AL . X B R
B FEANIE R 22 T G Ie) REAE R R e e HE s 3 B AR M, AT
TR R BERGR I, KRN — IR A & AT R . R HEBEE RIS 2R
TEFORAERIR RS G o SR, SR AbSR AL B s B[ iR 1 38 G = AR HE IR A 7V

JEVF 2 S SRR BIOR B AT R AR SN, (H S AR X B A A 2B 65T, Lo dnpir
A REONTA] A4 REVR AR Y/ PM2.5 ATHILX 22 58 F) TRl

FEAREAAREERIOH P A EEEEM . GEETUE) ZREMONIEE I E T
AUFRARER IR, (A AT DR S R NI H L& B AR R IGO0 o % AT LA S it B ™
REHER, R BTG QLR ), AT DALk AR BUR A AR TR T A2 R

2 NPT DL AR AT R, BT UK SR A O, S B2 ] 7 NE-MARKALZEIE 6 0 WX 2 AU S BLIX PR T H ORI ERE
. I Northeast States for Coordinated Air Use Management. (2015, May). Multi-pollutant planning exercise for Maryland.
https://mde.maryland.gov/programs/Air/ClimateChange/Documents/2015GGRAPIanUpdate/2015GGRAPlanUpdateAppendices/H Multi-

PollutantPlanning.pdf. 8 1] UL %% 4 G J5 %4 &, IMPEAQ process. https://www.raponline.org/knowledge-center/integrated-multi-pollutant-planning-

for-energy-and-air-quality-impeaq/
13 Scheffe, R., Hubbell, B., Fox, T., Rao, V., & Pennell, W. (2007, May). The rationale for a multipollutant, multimedia air quality management
framework. EM Magazine.

https://www.researchgate.net/publication/237287941 The Rationale for a_Multipollutant Multimedia_Air Quality Management Framework

4 For a current list of state climate action plans, see Center for Climate Strategies. (n.d.). State and local climate.
http://www.climatestrategies.us/policy_tracker/state/

S, ER19904F ALY IBIERSER — 5y, SREFFRELIRIERMITE B, S HINOXF RSOz, IXIFARTRLI 215 it
R. REFREX-DAMREZE, Enafgbat (AR R THREES, RHBEEA LSRG Qe r s, 2 E Rl
VTR R Z BT RSRE AT HES R HE 2 8 AR HE (B AL AT ), e SO V5 Qe A 54 B 22 36 A0 B, DUSEE G of L R 7K i B2 1
V2 AT RV R JHER B QR 538 AT, BT T 38— A A R AL 8 5 i H -

16 Arkansas Office of Air Quality. (2019). Accounting for energy efficiency measures in regional haze planning.

https://www.adeqg.state.ar.us/air/planning/sip/pdfs/regional-haze/energy-efficiency-rh-pp2-emerge-concept-paper-final-with-cover-letter.pdf
7S E IR T B DA OR TR TR A — B, R ORI 5 R T AT I
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SR T 42 ) 8 e [ I B AR 0 I AR AR HE TS RV HESCR, R B RT3 (i
NOx Bl SO,) HURHFRE A EAE Hrrh, LA S SAEAGRRUR Y i) 2 st brite,  JF i Se A
DRE BEAT i A AHEAE

BREVaE L IR B 2 255

Ty B 22 3 34 T (0 B R0 H SEBIL 1 2 Fis Qe sk e e, IR T BoA . R
2008 4= K Afi 1 “Empower Maryland Act” 2, X G820 H # 5% BRH1540 1 il 800 J5JK FLR
HL B 2,335 JR LI ), 3XAH 24 Tl fo gl A KA 2. 3] 2015 4F, AU ERGE
e el il 5 SRR 1900 T3, Bz NOK FIFECE: 17,000 B, /b SO, HFSUE 39,000 M2,
AR R, B R AR E A PM2.5 ¥R 433 R RS T 0.60 ppb A1 0.10 ug/m®. T
MBI H I 1 AR A U ER,

ZIM 2019 AFSUEARARAE I BORT R AIE S, 2013 4 S AR 2 000 B2 AR A Bl A R ORI AT
FHAE RGN H (4 BT RARA o B ARIZ L] R R AS K, (EONIE B R A 7K
2R VAR AN E — sl b o (0 8 AR i 2 1 15 T RE AR & 5%
(R B — MR R T 2 2.5 J3 3080 17.5 iU AN o BbAh, BlSE S5 5 2 1 Re a0y
Jits UL SO e BE 22 AT FRAE RIS, AU AR AR e B 2 . X H S A
AR S, D> T E RIS, SR T KB T IR KR A (7S AV

8 U.S. Environmental Protection Agency. (2012, July). Roadmap for incorporating energy efficiency/renewable energy policies and programs into
state and tribal implementation plans: Appendix C- Existing EPA energy efficiency/renewable energy guidance.
https://www.epa.gov/sites/production/files/2016-05/documents/appendixc_0.pdf. ({FiE e, _EiR PUANSBRAEE FH TP 181 ob 0 B A 428 1) 1 it . 3 L 5
FIRIEPASCA i RE T RERCRT A FRAE e s 0 H i 2. )

19 AT R IO AR M O [ S R s R . AR, A OB AN RV LR A SL L 2R D S R R VR, AR S i
fI BT 5 €2 H P 517

20 The Maryland Legislature extended the law in 2017. History and program descriptions are available at

https://energy.maryland.gov/Pages/Facts/empower.aspx.

21 Public Service Commission of Maryland. (2019, July) The EmPOWER Maryland Energy Efficiency Act Report of 2019.
https://www.psc.state.md.us/wp-content/uploads/2019-EmPOWER-Maryland-Energy-Efficiency-Act-Standard-Report.pdf

22 Baatz, B., & Barrett, J. (2017). Maryland benefits: Examining the results of EmPOWER Maryland through 2015 (Report U1701). American

Council for an Energy-Efficient Economy. https://www.aceee.org/sites/default/files/publications/researchreports/u1701.pdf

23 Aburn, T. (2013). Building energy efficiency and renewable energy programs into the clean air planning process: Taking credit for nontraditional

programs [Presentation to ACEE Market Transformation Workshop]. https://aceee.org/files/pdf/conferences/mt/2013/Tad%20Aburn_D2.pdf

24 T. Aburn, personal communication, 17 December 2019.
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215 gk e B — Mk BB, B B IR (Arkansas Department of
Environmental Quality) Fl/A3EARS5Z% 514 (Public Service Commission) & 1Efil5E 7 —IEHT ]
AR EERZM A I RAL (BAAFD PATHTREIE M, JEREA R
i, DAJRIR TS BEAE A i/ X 438 25 58 RN AR ASORE ) 07 TR (R R o 380 A5 FH 26 A OR2E 1)
AVERT HEBCEAL T H, Bl H (o (0 RERCH H IZHTH AN SO, NOx AT PM2.5 S HEE . 7£ 2018
SEHAME], bR =S fenHE R 2 s> 1 505, 594 Fl 67 M, TiLHE] 2028 4, X LLEL{E K
73 TH A 927 W, 1,088 WA 122 W67, FERAGSE FE A CREHLAE N L AT R, B2 2064 4
PR RE WL SR AR /KF B K, IR e o B ) A R Y o IR S B 1 Bz N I T
R PM2.5 B8 SORIEAE, s/ = AU e i HEBEE R o A ) B U
A, TEPAT TR BIE M, ARG A I AL (RAARD SR,
2 2 T A I 7 1) 26 5 T B B S FH e R0 E R e T L AR, AR, IEANBAT S AR i
Y, BEROH R 7 VF 2 AL SRR A e, RN T BT TR el
AR B TR, BRAR T R R AE s X PR AR A ) A W) R ST R YERRS

=

KRG, I i AR S R R R IR R A B AR EREN . R
2019 £, CF 23 ML L AR BRI X BOE IS U E FRs A 10 M CIXR = A
RHEAT B T B DL INRIAR FE XL ) AR E T 23K 39 AN A AT F- A= BE U O A0 i BT 3 RE VR
FOR?. AL, A 15 ASPHANSE BT X e ROhR A (1 EESRGE 1 E K EER0, AER P 2 A
BB TRB M, BeUE B E LA AEHE T Xeel Energy (— XK AHFLAF]D S0 BE 8048 It 225 X he
AMUKFHBE A FBITHRI . 2005 £ELIK, Xcel HYPREE L A IR = U HFBOR D> T 38%, —%
WHELE A T 77%, BEAYID T 78%, FRIBA T 91%. Xcel H)—FBRBE A rNLALR 72
2026 SFIBM, MLIRIEAEZ . FrHI IR HLALRACE R IR BN

25 U.S. Environmental Protection Agency. (n.d.). AVoided Emissions and geneRation Tool (AVERT).

https://www.epa.gov/statelocalenergy/avoided-emissions-and-generation-tool-avert. The AVERT tool uses regional emissions factors from power

plants to provide the emissions benefits from energy efficiency and renewable energy policies.

26 Arkansas Office of Air Quality, 2019.

27 [ N A 2 ISR BRSO, MR R T i N R . (L2 i) BOi il 7 53— AN B s, A7 13822 1 e B RHR (Krakow) 7E 245 Ui
ST 8% 7). AR AR ISR B, 3T AR R RS RER AN [ AR S LA 22— 2. The New York Times. (undated). 52 places

to go in 2020. https://www.nytimes.com/interactive/2020/travel/places-to-visit.html

28 Arkansas Office of Air Quality, 2019, p. 2 for a list of all benefits provided by energy efficiency.

29 Center for Climate and Energy Solutions. (n.d.). State climate action maps. https://www.c2es.org/content/state-climate-policy/

30 Center for Climate and Energy Solutions, n.d.
31 Xcel Energy. (n.d.). Reducing air and other emissions.

https://www.xcelenergy.com/company/corporate_responsibility report/library of report briefs/reducing_air_and other emissions
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o fhTHEHIERERD (B SRR

o MEH] 4 A HLSR 4 2 B HIRBURAN BSR4 ] 15 i T e 51 A2 (K75 S I BT AR
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o AEFMFERITEAR AN, AR BEACE N 2R R AL o

32 Bay Area Air Quality Management District. (2017). Spare the air, cool the climate. http://www.baagmd.gov/plans-and-climate/air-quality-

plans/current-plans
33 Bay Area Air Quality Management District. (2010). Bay Area 2010 clean air plan. https://www.baagmd.gov/~/mediaffiles/planning-and-

research/plans/2010-clean-air-plan/cap-volume-i-appendices.pdf
34X ICO. SO2. NOxFIETFTF & B KB AR IX TUPIAT B3 75 G 08 M52 8 il 12008475 e 4 R pkidk sk o
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B NIRRT FE RV RSO EE . A~ S RRANIA S I AR A AL, N SR T
[FIRE, R iRl SN 52 52 Al (0 S A5 Bl o 9 XA AU AR R X VP i R T R B A 22

NI BEVEZE B3 22 (CEC) A REIR A E A N AR HE, I DTl e AN S ft 4 R . ikl o
0 2 B MR R Rk R AR I BE YRR % 2 eV AR AN RE R EE AT PP, DA L3
B O3 29 A2 224 T AN R R BRI SR ANAR HE D RE

S5 V5 PPN T VAR TE20094EHF R 1, T35 Bl 52 201 043 [X 3 i s A R bl i it . 07 i O 3 2R s MU E T RN F &
A3 9% 1H 4 L X R A (0 52 807 1R T FE I VR4 3, 7 UL Fairley, D., & Burch, D. (2016, November). Multi-pollutant method technical
document 2016 update. Bay Area Air Quality Management District. https://www.baagmd.gov/~/media/files/planning-and-research/plans/2017-

clean-air-plan/mpem_nov_dec 2016-pdf.pdf?la=en
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i, FEXPHAS BRI AT TR (RS Py @) X T R I EE, fE3ET 20 A
100 (I EAEZE T, R 76 BUR v Qe HUI R gl & - S BPE AT ML U (ROG) 7 &AL
). PM2.5. SO2. NH3 R =T, FHXEERSEHI s 0BT 7o br.  GEEES
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GG, T PM2.5 TEHLER 2 7T RE S A AR A A B (E AT B A ) o

T = AN S U R R R R A A S S SE AR o I 02 U R vk SR TR BT A 22 5 A
PR EAAT s itk g 2 AU R . A IR AR R — &2, TR A A YA TR AR
HEYS G T A T AT 3% 2RI B SR G VPAl 1 366 MATREMIFEHITE I, YHE 1 AR B
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AREATATHIRE . RIS, EXORR T 85 IULaa 147t LA 2 4/l A4
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(Climate Technology Review) [ 5B &%, i 1 vl o B4 (0 o ool Ji == AR HE R

36 Bay Area Air Quality Management District, 2017, Appendix H.

37 ROG is a California specific regulated pollutant. Typically, these are referred to as VOC in other jurisdictions.

38 Bay Area Air Quality Management District, 2017, Appendix G.

3% Bay Area Air Quality Management District. (2018). Climate technology review. https://www.baagmd.gov/~/media/files/strategic-

incentives/climate-tech-finance/baagmd-climate-technology-review-20181011-pdf.pdf?la=en
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Cost Effectiveness and Ease of Adoption

g Regulate of Top Mitigation Measures by Sector
Incentivize . i .
[ CI Possible Action Easj of Adopt;on - \ .
Agriculture Soil Testing (@ 7.6(6.7)
Biochar Use [ CJ 7.3(2.5)
Dietary Design L CJ 6.4(7.5)
Buildings Heat recovery ventilation system [ CJ 2.7(6.7)
Commercial Variable frequency drive for chillers [ C ] 2.1(8.3)
HVAC High-volume, low-speed ceiling fans L CJ 2(5.8)
Buildings Building Energy Management Systems [ C ] 5.5(7.5)
Commercial Solar water heater [ CJ 3(5.8)
non-HVAC Low-emissivity window coatings/tints/films [C) 2.7(8.3)
Buildings Mini-split Air-source heat pumps ) 4(7.5)
Residential Air-source heat pumps for HVAC ') 3.5(8.3)
Tankless water heater () 3(7.5)
Cement Supplemental Cementitious Materials .)‘ 7.6(6.7)
Belite-Rich Cement [ C ] 5.1(2.5)
Fuel Switching &% 35(5.8)
CHP and Second-life batteries )‘ 6.3(5.8)
Power Allam Cycle Turbines (Power plants) & 3.9(6.7)
Generation Hydrogen Fuel Cells and Electrolyzers i‘ 3.7(1)
Iron and Walking beam furnace [C ] 5.7(2.5)
Steel Electrolytic pickling line insulation [ ] 3.9(2.5)
Combustion air fan control/optimization [ ] 3.7(5)
Petroleum Steam system maintenance g 6.9(5.8)
Boiler - Maintenance g 6.9(7.5)
Motor & pump optimization I 6.7(7.5)
Semiconductors Leak detection and elimination J=¢ 3(6.3)
NF3 plasma cleanout of CVD chamber E 2.3(2.5)
Process Optimization @ 1.4(7.5)
Waste Shortcut nitrogen removal (anammox) }‘ 4.8(5.8)
Composting/ Adjustments to reduce GHGs in sludge path [ CJ 3.8(2.5)
POTWs Aerated static piles 5 3.4(8.3)
Waste Landfill gas energy systems ’* 2.6(2.5)
Landfills/ Active LFG recovery systems =P 2.2(1)
Other Biochar from agricultural and forest waste L C ] 2.1(2.9)
4 6 8 10

Cost Effectiveness Il

Figure ES-1. Cost Effectiveness, Ease of Adoption, and Possible Action for Top Mitigation Measures by Sector

Source: Bay Area Air Quality Management District. (2018). Climate Technology Review.

40 Bay Area Air Quality Management District, 2018.
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PI3. BB 4 R = AR Bl

Annual GHG Emissions by Source Catetgory
(in 100-yr GWP CO, Equivalent Metric Tons per Year)

®mBAAQMD(2015) = National Estimate (2015)

15,000 1,500

District Emissions
Thousand MT CO2e
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Agriculture Buildings EM Metals Minerals|  Petroleum Heat and Waste
Systems Power
Generation

Source: Bay Area Air Quality Management District. (2018). Climate Technology Review.

RJEs RTEADENT, KRR am AN o TR, JFemlE—4> 2 3f 2 MFERE &, f#
PN FERE X R B8 it AT O e Ry -

B 4 X peg b A SRR RS T HEAT T B2

41 Bay Area Air Quality Management District, 2018.
42 Bay Area Air Quality Management District, 2018.

MMT CO2e

National Emissions
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Buildings — Commercial

Mitigation Measure Comparison
High
Building Energy
Management Systems
ﬁ (EMS) LED lighting - new
S LED lighting - retrofit
2 Heat recovery ventilation (HRV) system 'Y
E Tankless water heater
b+ Commercial Automated Low-emissivity window
'g CO2 electric Solar water heater window shades coatings/tints
o heat pump
water heater - Variable frequency
Dynamic windows -9 » . drive (VFD) for chillers
High-volume, low-speed 4 ¢ g Conden:ng hot water
° (HVLS) ceiling fans eater
L] e [
. . ! ) - Variable refrigerant
Hybrid/heat-pump Magnetic-bearing T P ﬂOIW o I/%SHP
ow water heater chiller compressors control system
Signifcant Ease of Very Favorable
Barriers Adoption

Figure 2-5. Commercial Buildings—Mitigation Measure Comparison

17 commercial building measures not shown. See Appendix C.

Source: Bay Area Air Quality Management District. (2018). Climate Technology Review.
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