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LEGISLATION

Legislation to Reduce Energy/Emissions 2001 to Present

Senate Bill 5 (77th Legislature, 2001)

Ch. 386. Texas Emissions Reduction Plan
Sec. 386.205. Evaluation Of State Energy Efficiency Programs (with PUC)

Ch. 388. Texas Building Energy Performance Standards
Sec. 388.003. Adoption Of Building Energy Efficiency Performance Standards.
Sec. 388.004. Enforcement Of Energy Standards Outside Of Municipality.
Sec. 388.007. Distribution Of Information And Technical Assistance.
Sec. 388.008. Development Of Home Energy Ratings.

TERP Amended (78th Legislature, 2003)

Ch. 388. Texas Building Energy Performance Standards
(HB 1365) Sec. 388.004. Enforcement Of Energy Standards Outside Of Municipality.
(HB 1365) Sec. 388.009. Energy-Efficient Building Program.

Ch. 388. Texas Building Energy Performance Standards
(HB 3235) Sec. 388.009. Certification of Municipal Inspectors.

TERP Amended (79th Legislature, 2005)
Ch. 382. Health and Safety Code

(HB 2129) Sec. 386.056 Development of Creditable Statewide emissions from wind and other
renewables.

(HB 965) Sec. 382.0275 Commission Action Relating to Water Heaters

TERP Amended (80th Legislature, 2007)

Ch. 382. Health and Safety Code
(HB 3693) Sec. 388.003 added subsection (b-1), (b-2), (b-3) that allows SECO to adopt new
editions of the IECC based on written recommendations from the Laboratory.
(HB 3693) Sec. 388.008 Development of Standardized report formats for newly constructed
residences.

Ch. 386.252 Health and and Safety Code

(SB 12) Section 388.03 added subsection (b-1), (b-2) allows SECO to adopt new editions of the

IECC based on written recommendations from the Laboratory.

TERP Amended (81%t Legislature, 2009)
Ch. 382. Health and Safety Code

(HB 1796) Section 23 amends Sec. 386.252 (a) and (b) extends date of TERP to 2019 and
requires Commission to contract with Laboratory for creditable EE/RE emissions reductions.

TERP Amended (829 Legislature, 2011)
Ch. 477.004 Health and Safety Code

HB 51 Section 2, b-2, establishes advisory committee, which including the
Laboratory

Section 3 & 4 amends review of municipal’'s amendments.
Ch. 388.003e & 388.007c,d Health and Safety Code

HB 51 Section 3 & 4 amends review of municipal’s amendments.
Ch. 388.006 Health and Safety Code

SB 898 Section 2, requires the Laboratory to calculate energy savings and
emissions reductions for political subdivisions reporting to SECO.

Ch. 39.9051 Utilities Code

SB 924 Section 1g,h and Section 2c,d requires the Laboratory to calculate energy
savings and emissions reductions for political subdivisions reporting to SECO.

NO new amendments were passed (83 Legislature, 2013)

TERP Amended (84t Legislature, 2015)
Section 388.003, Health and Safety Code

HB 1736 Section 1 Establishes the 2015 energy codes as the TBEPS effective Sept
1, 2016. The state may adopt new codes no sooner than every 6 years. The section
also adds Energy Rating Index as a voluntary compliance alternative.

NO new amendments were passed (85 Legislature, 2017)

NO new amendments were passed (86 Legislature, 2019)
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EPA CRITERIA FOR SIP CREDITS (2004) A8

Qo000 Q

Quantifiable: The emission reductions generated by measures to reduce
emissions must be quantifiable and include procedures to evaluate and verify over
time the level of emission reductions actually achieved.

Surplus: Emission reductions are surplus as long as they are not otherwise
relied on to meet air quality attainment requirements in air quality programs related to
your SIP.

- Enforceability: Measures that reduce emissions from
e electricity generation may be: (1) Enforceable directly against a
S e source; (2) Enforceable against another party responsible for
the energy efficiency or renewable energy activity; or (3)
Included under our voluntary measures policy.

Record Keeping: The measure should be permanent
throughout the term for which the credit is granted unless it is
replaced by another measure or the State demonstrates in a
SIP revision that the emission reductions from the measure are
no longer needed to meet applicable requirements.

et Address (URL) » hitp:iwwi.0pa gov
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EPA CRITERIA FOR SIP CREDITS (2004) A8

Qo000 Q

Quantifiable: The emission reductions generated by measures to reduce
emissions must be quantifiable and include procedures to evaluate and verify over
time the level of emission reductions actually achieved.

Surplus: Emission reductions are surplus as long as they are not otherwise
relied on to meet air quality attainment requirements in air quality programs related to
your SIP.

ESLTROS1ZD

Enforceability: Measures that reduce emissions from
electricity generation may be: (1) Enforceable directly against a

Estimation of Annual Reductions of NO, Emissions in

source; (2) Enforceable against another party responsible for
the energy efficiency or renewable energy activity; or (3)
Included under our voluntary measures policy.

Record Keeping: The measure should be permanent
throughout the term for which the credit is granted unless it is
replaced by another measure or the State demonstrates in a
e verems LAsomToRy SIP revision that the emission reductions from the measure are
JEER | o no longer needed to meet applicable requirements.

December 2008
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ENERGY SAVINGS & NOx EMISSION REDUCTION ReGiing
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International
B NN CODE
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SECO

State Energy Conservation Office

ESL Calculates & Reports NOx Emissions Reductions for:

1. Code-Compliant Construction: Energy savings from new construction
o ESL Single-family construction
o ESL Multi-family construction
o ESL Commercial construction

2. Green Power Production: Wind and other renewables

3. PUC SB7: Energy efficiency programs implemented by electric utilities under
the Public Utility Regulatory Act 839.905

4. SECO: Energy-efficiency programs towards school districts, government
agencies, city and county governments, private industries and residential
energy consumers

5. A/IC Retrofits: Installation of SEER 13/14 replacement air conditioners in
existing residences
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ENERGY SAVINGS & NOx EMISSION REDUCTION Rl

Qo000 Q

BN COMPLIANCE
NN CALCULATOR

|C3'ﬂ“”ﬂaé33ae' ESL Calculates & Reports NOx Emissions Reductions for:

Code-Compliant Construction: Energy savings from new construction

International

‘ = E CODE
I 3 HuE COMPLIANCE
W "W CALCULATOR

This is the publicly accessible energy code compliance software based
on the Texas Building Energy Performance Standards. SECO

Version 4 4 has been released.

— User Login

State Energy Corservation Orffice
Important: Version 4 4 has drastically changed the ERI algorithm. The
amount of calculation needed has more than doubled. An ERI .
calculation will now take up to 1 minute to complete.
: Q. % NCTCOG
in\- Zﬁ;’ Username- Please enter a username Morth Central Texas Councll of Gowernments
LY £
SR Password: Please enter a password

Login

Register New User Forgot Password
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© 2019 Energy Systems Laboratory, Texas A&M Engineering Experiment Station

Credits Help FAQ Manual [C3 v4.4.2 RESNET Test Results |35 2

Login Screen
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ENERGY SAVINGS & NOx EMISSION REDUCTION Rl
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International
B NN CODE
MW N COMPLIANCE
BN W CALCULATOR

ESL Calculates & Reports NOx Emissions Reductions for:

Code-Compliant Construction: Energy savings from new construction

Retumn to Project List Global Parameters
Project Name Texas Energy Summit
® Peri Path Number of Floors 1@ .
Simulation Mode E:‘Iosr.ma.r:ce- atp b Number of Bedrooms 4 @ Front Side ®
imulation Patl Vi
E Cod 3015 IECC Orientation of Unit Front Side South @ Linglh of Wall (f) s 5
nergy Lode Exterior Finish Type Brick @ Displayed Floor 1 ¥ Window Area (sq ) 9375
S.lreel Address 1100 Congress Ave Window Horizontal Shading (m) @& 0
County TRAVIS M SHGC ) Height of Wall (ft) @ 8
o AUSTIN .
City U-Factor 04 (@ Left Side Right Side
Zip o000 Insulation Length of Wall (ft) ® 50 Length of Wall (f1) @ 50
Builder Name ESL Wall Cavity Insulation Rfi5s @ Window Area (sq @ - Window Area (sq @
Wall Cont Insulat R0 ® o 93.75 Conditioned Floor Area @ P 93.75
Builder Email esl_s2calc_supperi@tees ta all Lontnuous Insuiation £) (sqft) 2500 )
Builder Phone ——— Studs Hor1zonta1 Shading @ i Bor1zonral Shading @ 0
2500 sqft, Single Stud Type 2x47 )@ e &
e AEiieeic Ducts Height of Wall () @ 8 Height of Wall (f) @ 8
Duct Systems Tested ¢ @ Back Side
Notes Supply Duct Insulation R @ Length of Wall (fr) ® 50
Return Duct Insulation R-3 ® Window Area (sq f) [)) 93.75
Testing Roof Foundation Horizontal Shading (in) @ 0
Z Height of Wall (f) @ B
Heating AIC Water Heater
Submit Project
When downloading the energy report. there are 1ssues with
[browser plug-ins converting the pdf to HTML3. See the link
for details. Help FAQ
© 2019 Energy Svstems Laboratory. Texas A&M Engineering Experiment Station
Credits Help/FAQ Manual IC3 w4 4.2 RESNET Test Results |3

Main Page
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BN COMPLIANCE 7 : : .
ssmaucuaor  Code-Compliant Construction: Energy savings from new construction

Icaprgrgagggag ESL Calculates & Reports NOx Emissions Reductions for:

Residential Energy Efficiency Certificate m ENERGY SYSTEMS LABORATORY
Window U-Value uU- 0.4 Duct Tightness (in CFM25) 100
Window SHGC 025 Cooling Efficiency SEER 14
Wall Cavity Insulation R-15 Heating Efficiency 8.2 HSPF
Roof/Ceiling Insulation R-32 Water Heater Efficiency  Electric EF 0.904
Floor/Foundation Insulation R-0 Builder Email oooxatamu.edu
Supply Duct Insulation R-8 Builder Phone H0O(-X00C-X000X
Return Duct Insulation R-8 Date Issued 10/2/2019
Blower Door [ln ACH50) 5 Certificate Number 1,138,738
l c 3 :E:a;;nMaPLIINCE
[M CALCULATOR Byjilder or Registered Design Professional
This certificate was generated by 1C3 in compliance with 2015 IECC

Prints Certificate for Electricl Panel
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60000

Ic3|| ESL Calculates & Reports NOx Emissions Reductions for:

M um CODE
MWW COMPLIANCE

semaucuuor - Code-Compliant Construction: Energy savings from new construction

« |C3 Prints Certificate for Posting
on Electrical Panel

« Records Certificate in IC3 Registry

o
.‘, .

Prints Certificate for Electricl Panel
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STATEWIDE SAVINGS FROM CODE COMPLIANCE

2019

TEXAS
ENERGY

SUMMIT
60009

How much electricity has been saved from residential code compliance for all

single-family housing 2000-2019?

Interanenal Inwr tional i T
EIJ’:,'ng Ener gy INTERNATIONAL i Nmskcvcousmvmou
BOSEIVation Conservation Extroy
Code Corle ERVATION NlE;;
g ‘ 2007 Supplemnent ) R
2000 1c). |
Number of Projects by Month and Type for 2018
1,400
) ERI
1,200 I
f_'_é - 2015 IECC
O 45 | L1000 |y
= N o
= Y 2
= SR R . A A N OB N OF N DTN RN D N S sy gy [ —
= O S 800
o Q| =
O | ° so0
D m| 8
= O £ 400
=2
G_J, c 200
O - —
a 0
C_DEE_}\CEU‘)D_B>U C_ﬂEE_}\CE U)D_E> UC_GE E_}CE U'Jﬂ_ﬁ > 0| o E‘Q—_>~c3 o) O
SL=<23°2230z288L=<23"280288L=<=3"3240288L=<=23">23
2016 2017 2018 2019
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How much residential code compliances have saved in
Austin, TX (Climate Zone 2A) from 1999 to 2019?

120

108.60 -9.8% -23.4% -29.2%  -30.8% -31.5%

2,500 ft2 SF House

g 100 U 98.00 M
=
Walll: R-11to R13 S 83.20
Rools 8 RiobiloiRas e s 7440
Win Uval: 1.11t00.40 3
Win SHGC: 0.7110 0.25 3 I
SEER: 10t014 & |
AFUE:  080t00.82 g = — = — —
HSPF: 6.8 10 8.2 Ué} o
DHW EF:  0.86t0 0.95
° Pre-Code, Austin IECC 2001 Code IECC 2009 Code, IECC 2012 Code, IECC 2015 Code, IECC 2018 Code,
{Amendment), Austin Austin Austin Austin Austin

W 5PACE COOL WSPACE HEAT DO DHW BMECHVENT EOTHER




ENERGY SYSTEMS LABORATORY 2019
ﬁ ‘ TEXAS A&M ENGINEERING EXPERIMENT STATION TEXAS
STATEWIDE SAVINGS FROM CODE COMPLIANCE R

SUMMIT
2000 - 2018 (ESTIMATED) ®0000

Savings (2002 to 2017)

Total: $6,737 million Increased Costs (2002 to 2018)

: Costs: $ 2,077 million
Savings (2002 to 2018) Sea :
Electricity (Envelope): $2,352 million (+10.0%) =
Electricity (HVAC Systems): $2,247 million (+19.5%) o e
Demand: $3,078 million (+13.2%) Emissions Reduction in 2018
Total: $7,677 million (+14.0%) (Equivalent to about 62,500 cars)

$9,000 ; ; ; ; ; ; ; : : : : : : ‘
$8,500 |- Elec. Savings_Envelope mmm Elec. Savings_Systems Capacity Savings === Cost
$8,000
7. 57500 fotal: $7,677 million
$7,000
$6,500
(.n $6,000
C $5500
o $5,000
$4,500
= $4,000
= $3,500
2 $3,000
$2,500
$2,000
$1,500
$1,000
$500
$0 20%0 202(,)1 2(:02 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Capacity Savings - - $79 $163 | $251 | $345 | $430 | $678 | $822 | $929 | $1,028 | $1,118| $1,327 | $1,563 | $1,814 | $2,057 | $2,377 | $2,718 | $3,078
== Elec. Savings_Systems $0 $0 $0 $0 $0 $55 $138 | $240 | $351 | $476 | $624 | $813 | $1,039 | $1,286 | $1,563 | $1,881 | $2,247
Elec. Savings_Envelope - - $16 $48 $97 $175 | $304 | $451 | $615 | $776 | $930 | $1,082 | $1,236 | $1,403 | $1,583 | $1,763 | $1,945 | $2,138 | $2,352
===Cost - - $64 $136 | $218 | $321 | $422 | $536 | $610 | $669 | $729 | $788 | $914 | $1,060 | $1,220 | $1,386 | $1,595 | $1,825 | $2,077
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STATEWIDE WATER SAVINGS AT POWER PLANTS EHFias

SUMMITS
2000 - 2018 ®0o0o0e

Electricity/Water Savings from SF (Code Compliance)

Annual Electric Savings Annual Water Savings
2,200,000 - 900,000,000 -
805,389,366
—~ 2,000,000 - 1,872,999 800,000,000 -
= —_
< 1,800,000 =
£ < 700,000,000 -
S 1,600,000 3
@ 1,400,000 g 600,000,000 -
£ £
S 1,200,000 £ 500,000,000 -
2 A
£ 1,000,000 & 200,000,000 |
§ 800,000 =
= ’ Z 300,000,000 -
< 600,000 §
= i
2 | £ 200,000,0086,498,370
P TIR <
200,000 - 100,000,000 -
0 o -
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Year Year
Seaholm Power Plant, Austin -
EEEEHE 2018 Total 2018 Total
AL
Fg wie Electricity Savings Water Savings
> (MWh /fyr) (gal/yr) (acre-ft/yr)
1,872,999 805,389,366 2,472

Conversion Factors: 430 gal/MWh
325,851 gal/acre-ft
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Blue Wing Solar PV Array, San Antonio, TX Sunmaxx Solar Thermal, Fort Hood, TX Dam at Elephant Butte, El Paso, TX

Solar Thermal
Aspen Power plant in Lufkin, TX Ground Source Heat Pump
ul.il

Biomass | Landfill Gas Geothermal




TEZE | enenoy systems LasonaroRy fEXasy
SAVINGS FROM RENEWABLES SUMMIT

Qo000 Q

Blue Wing Solar PV Array, San Antonio, TX Sunmaxx Solar Thermal, Fort Hood, TX Dam at Elephant Butte, El Paso, TX

: “3 Source Texas Rene)qable Energy Industires Alllance

SR -

S

e -
il 6 s Ao ot 5 iy s S

Biomass | Landflll Gas Geothermal
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WIND PROJECTS IN TEXAS (2018) SUMMIT

Qo000 Q

Completed Wind Projects in Texas, as of Dec. 2018

Hangford Dchilfree
bore hutetinsor ERCOT: Electric Reliability Council of Texas
NUMBER OF WIND PROJECTS COMPLETED Oldham| ~ Crson Gray WSCC: Western Systems Coordinating Council
Deaf Smjth ATStrong
ERCOT sPP WECC ponie SPP: Southwest Power Pool
1-2 1-2 1-2 Pgrmer (Castr riscoe \
34 34 -4 . Floyd \Wilbargm
5< 5< 5<
Clay|
\ CrpsbyDickeps  Knox|  Archer 00
Lynn Kent askell  Ypung|Jack
‘ Borden @) Sha%elfofd
Wartin MigChe' raymT r
owar olan rath
ol Haso ‘ Ectorﬁ;lass,.ock terling Coman
ulberso| Uhon r?ergn onclls Mills
Pecos

Val Verde

inne

[ ap, Patrigjo,

Webb ueces

ERCOT Power Grid and -
- - 99 |Kenei
Wind Farms in Texas tar

/ illac:
idalgo|
amerqn
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Announced and Retired Wind Projects in Texas, as of Dec. 2018

hermfan deiitlee ERCOT: Electric Reliability Council of Texas
Hartley Moore WSCC: Western Systems Coordinating Council
NUMBER OF WIND PROJECTS ANNOUNCED Oldham Cars#gray SPP: Southwest Power Pool
Randall
A 5 ’
ERCOT SPP WECC MISO T r”.{s"ong MISO: Midcontinent Independent System Operator
Brisgoe
1-2 1-2 1-2 1-2 ‘ i 4 % \
3-4 3-4 3-4 3-4 L
5< 5< 5< 5< al
ulberso ‘
X (2) Retired

ERCOT Power Grid and
Wind Farms in Texas
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WIND PROJECTS IN TEXAS (2018) SUMMITS

Qo000 Q

ERCOT Capacity 22,246 MW Total Capacity 24,154 MW Total Wind Power 69,898 GWh

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
32,000

6,118 on Dec. 2018 ‘ 28,000
22,246 on Dec. 2018

Installed Capacity (MW)

Sep-05 Sep-06 Sep-07 Sep-08 Sep-09 Sep-10 Sep-11 Sep-12 Sep-13 Sep-14 Sep-15 Sep-16 Sep-17 Sep-18 Sep-19

—eo—ERCOT Data - GWH —=—ERCOT Capacity Data - MW
——Total Installed Capacity in Texas by 2018 ——Total Installed Capacity in ERCOT Area by 2018
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NOx REDUCTIONS USING eGRID

IEES

* Residential

)

SUMMIT ¥
60009

* Commercial e
: —_— Commercial
° IndUStrIaI Residential Users Users Industrial
\A\‘ .N
\ a & &
A b Y
| éé \ [EEE
é' N\
TRANSMISSION P : : Distribution
& * Tran5m|SS|On LlneS Transmission Lines Substation
° - i 1
DISTRIBUTION Sub-Station K L
\
LW, 5.
I| |III |I |' ,I “3““ T T J— P
) —= -
Thermal Power| | Hyd lectri — e =
power Plant Solar Power

Plant Power Plant Wind Power
» Conventional o
* Renewable e N A )
— L) ] Ll
T — L S N
e e e
\_ | Nuclear PowerPlant =/ \  Tidal Power Plant
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NOx emissions reductions calculation from electricity savings

| . I"__=
) ) Commercnal
Resndentlal Users Users Industrial

Energy Savings from
EE/RE Programs

b T aaa
N B —
%]
2
e Distribution
Transmission Lines Substation
1
\ g \
i uilllmll -" 2
| /,P/ - [ -
Thermal POWET Hvdro electric —— I
Plant Power Plant Wind Power Solar Power
NNENEE I._I l". |'_lI
e— L) ) N
o ,"w*--__‘ ? _”__'Qa',__‘
O
\__ Nuclear Power Plant | /) \ Tidal Power Plant )
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EE/RE Programs Wy - i | I

| Commerecial
Residential Users Users Industrial

[Tk

it:-

| =N=0=
S i
‘:\1 f\ lg]l%”ﬂ;
ET N
& Distribution
Substation

0 ) / . = \

WK

s [ 7
Thermal Power = Hydro electric — l
. Plant Power Plant Wind Power SOI r Power
Energy Production & - B
Emissions Reductions e S
\_ | Nuclear PowerPlant =/ \  Tidal Power Plant .
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New 2016 eGRID for NOx Emissions

New 2016 eGRID (Annual) for NOx Emissions — ERCOT Region

Unit: Ibs of NOx/MWh

o e
NOx Emission Ibs/MWh e . FOLLY TN
=0 L] s *
[ ]
m o < 0.0002 : . ‘ e

0.0002< 0.0004 . . w
0.0004 < 0.0008 ., o ‘

0.0008 < 0.0016 %e *

L * -
0.0016 < 0.0032 ML LA™ ~{ ‘ i, o

0.0032 < 0.0064 % e
0.0064 < 0.0128
00128 < 0.0256 * @

0.0256 < 0.0512 2
T oeize 0024 | \West Zone - North Zone A
—

0.1024 h h

™ [
i -
‘ll..
0‘ “
.. (3
. o
- ]
. ‘ n
LJ
S K
*
* *
Yenans®

South Zoné., Houston Zone

®agpast®
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New 2016 eGRID for NOx Emissions
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SUMMIT ¥
SO00Q

New 2016 eGRID (Annual) for NOx Emissions - New Regions

Unit: Ibs of NOx/MWh .
*
NOx Emission Ibs/MWh ,: - “‘
—] =0 - N .
Ml o < 00002 . :
0.0002 < 0.0004 \‘ Ry - ambg
0.0004 < 0.0008 2 K %o,
0.0008 < 0.0016 aapnt : .
0.0016 < 0.0032 . !
0.0032 < 0.0064 % .
0.0064 < 0.0128 X R
0.0128 < 0.0256 hELL e
0.0256 < 0.0512
Bl 00512< 0.1024
El 01024< SPP SERC
ERCOT: Electric Reliability Council of Texas
"-I-.
o % SPP: Southwest Power Pool
| . . . .
., s SERC: Southeastern Electric Reliability Council
...-“ - - - - -
WECC: Western Electricity Coordinating Council
WECC
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NOx REDUCTIONS FROM WIND POWER  RAUSiNy

Qo000 Q

OSP Power Generation and NOx Emissions Reductions (2008 base year)

OSP Wind Power Generation
300,000 - :

: Measured : Projected

.'T‘ ........................................................................................... wl rassnasssannnannnannnennnunnnunnnunnnnnnnn
250,000 A: - 18.5%/year
g : 218,126 :
= : :
9 200,000 - /
(1] :
2
150,000 - 145064
= + 50.4% »I '
O 100,000 - 20,430
r=
=
S 50,000 -

0 l. I T T 1 -
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Year

Source: 15-min Wind Generation Data from ERCOT
OSP: The Ozone Season Period (OSP) was changed from the period of Jul 15 - Sep 15 to the period of May 1 - Sep 30
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NOx REDUCTIONS FROM WIND POWER RIS,

Qo000 Q

OSP Power Generation and NOx Emissions Reductions (2008 base year)

OSP NOx Emissions Reductions from Wind Power
180

: Measured Projected :
160 _,1 ............................................................................................ pq ........................................... p

- )
a0 | 1 8.5% / year

120 | / 118

100 4

80 | R

1 56.8% —>
50

60

Tons/Ozone Season Day

40 4
20 |

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Year

Source: 15-min Wind Generation Data from ERCOT
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SAVINGS FROM OTHER RENEWABLES
(2001-2018)

Renewables: Biomass, Hydro, Landfill Gas, Solar, Wind

v' Wind energy is the largest portion

Annual Electricity Generated in Texas by Renewable Sources
90,000
‘ Wind = Solar m Landfill gas ® Hydro = Biomass‘ 77,900 GWh (2018)
80,000 - :
12.1% =

- 0
Z  70.000 4 69,473 GWh (2017)
U] ' .
-
= 60,000 1 —
QL
W)
S 50,000 - —
C —
1] _
© 40,000 - —
4? _— |
2 30,000 - = B
5 —
[N I
i 20,000 - —

10,000 - — =

0 T I= T =I T T T T T T T T T T T T T
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Year

Source: Renewable Generation Data from ERCOT-REC (Renewable Energy Credit)
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(2001-2018)

Renewables: Biomass, Hydro, Landfill Gas, Solar, Wind
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Wind = Solar mLandfill gas = Hydro = Biomass
80,000
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v' Wind energy is the largest portion

50,000

30,000

Electricity Generated in GWh

Excluding Wind

20,000

Annual Electricity Generated in Texas by Renewable So

4,500

® Biomass = Hydro mLandfill gas Solar‘

4,000 - = Biomass (287 GWh)
E— Hydro (205 GWh)
3,500 1 N = Landfill (395 GWh)

3,000 A

2,500 .

2,000 - - =
1,500 -
1,000 - = Eal l

#== Solar (3,183 GWh)

Electricity Generatedin GVWh

— | I
“ coaamnnnnnlis
O_M, i B § = 1§

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Year

Source: Renewable Generation Data from ERCOT-REC (Renewable Energy Credit)
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Renewables: Biomass, Hydro, Landfill Gas, Solar, Wind

v' Wind energy is the largest portion

Electricity Generated in GWh

Excluding Wind

Annual Electricity Generated in Texas by Renewable So
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Annual Electricity Generated in Texas by Renewable Sources

Wind = Solar mLandfill gas = Hydro = Biomass
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® Biomass = Hydro mLandfill gas Solar‘

4,000 -
3,500 A

3,000 A
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2,500
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Source: Renewable Generation Data from ERCOT-REC (Renewable Energy Credit)
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RENEWABLE PROJECTS IN TEXAS (2018) RAsey

Solar PV Renewables*:
Solar PV - non utility scale

the circles represent the
ty FIPS Numb d th 7 =

omber witin brackets (4,794 projects) +8 projects

represents the number of

projects in the county.

77

277

T 77
g

275 9 3) 337 97 181 387
1) ® o N\ J\@ o N )
soa [ 237 Y[ 497 W izt Y 85 NP 2ar X 2233\ 199 449 Yz
67
QYN 357(2) NG e \OL DO o
363\ (9) (;ig) 113\ (16)
o 221 39)yer 43; 183\ 203
251 2
227 353 W 441\ 50 \f 133 ™ 3 a0 |12 (5) (43233) w2) A\ @
@ @ N N@ D44 ) [ a2 @3 213 e
@) 217 349 ©) = P
301 Y7 495 329 %5 ®) (5)
141 @ N\ @ ®) 49 193 (" (;) © = 21?
20 i
(207) ©) (3) - 309 2&)3 @
17)
280\ @ 0 s s s
113 &l 51) S e "
@ Y 471 373\ 457
o &) o/ ®
185
(59
453 @ )/ 339 (™
%0 (2256) 21 (34) NE) o

2 1 473 (1) (13)
(1) (48) (16) (5)

o\ g Solar Pv - non utility scale

39 (12)
321
)

(1)

* Included renewable projects if their information/data are available
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@000Q
Solar PV Renewables*:
NOTE:The numbers e Solar PV - non utility scale
e s (4,794 projects) +8 projects
projects in the county.

| Solar PV- utility scale
(49 projects) +18 projects

|

Blue Wing Solar PV Array ,San Antonio

* Included renewable projects if their information/data are available
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Biomass Renewables*:
mszig:gl%?ggr::{;ftr:;d: Solar PV - non utility scale
v (4,794 projects) +8 projects
- ' Solar PV- utility scale

(49 projects) +18 projects

Biomass (14 projects)

el

2.5 Miles Southwest of Woodville, TX

3 e

S———

R T

https://openpv.nrel.gov * Included renewable projects if their information/data are available
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Hydro Renewables*:
Solar PV - non utility scale
rpervim ke (4,794 projects) +8 projects
projects in the county.
. || Solar PV- utility scale
T (49 projects) +18 projects
- L Biomass (14 projects)
Hydro (29 projects)
| 1l_|
‘ B @ Dam at Elephant Butte, El Paso, TX

https://openpv.nrel.gov * Included renewable projects if their information/data are available
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Geothermal Renewables*:
Solar PV - non utility scale
et tee = (4,794 projects) +8 projects
| R Solar PV- utility scale
f (49 projects) +18 projects
Biomass (14 projects)
T Hydro (29 projects)

Geothermal (286 projects)

Ground Source Heat Pump
LTS I L
v

https://openpv.nrel.gov * Included renewable projects if their information/data are available
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Landfill Gas Renewables*:
e Solar PV - non utility scale
etk (4,794 projects) +8 projects
- LR Solar PV- utility scale
™~ (49 projects) +18 projects
Biomass (14 projects)
_ Hydro (29 projects)

Geothermal (286 projects)
Landfill Gas (37 projects)

Aspen Power plant in Lufkin, TX

https://openpv.nrel.gov * Included renewable projects if their information/data are available
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ENERGY SAVINGS FROM PUC SB7/

PUC SB7 Savings and Projections

« The Public Utility Commission of Texas (PUC) Senate Bill 7 program includes
their incentive and rebates programs managed by the different Utilities for Texas.

« These include the Residential Energy Efficiency Programs (REEP) as well as the
Commercial & Industrial Standard Offer Programs.

18,000
16,000
14,000
12,000
10,000

8,000

MWh/OSP

6,000

4,000

Integrated OSP MWh Savings

T 6.5% / year ;s g0

1 9.5% (2017 to 2018)

11,532

10,534

2,000 A

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
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ENERGY SAVINGS FROM SECO SUMMITHF

Qo000 Q

SECO Savings and Projections

» The Texas State Energy Conservation Office (SECO) funds energy-efficiency [ SECO
programs directed towards school districts, government agencies, city and

county governments, private industries and residential energy consumers.

State Energy Conservation Office

* The annual electricity savings are obtained from SECQO’s energy conservation
projects reported by political subdivisions

6,000

5,000

4,000

3,000

MWh/OSP

2,000

1,000

Integrated OSP MWh Savings

1 5.8% / year : o8

+ 8.2% (2017 to 2018) — 0l

\ 3.841 | || || || |

3,551

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
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Integrated Emissions Savings Across Agencies To Report Savings To TCEQ and EPA

(MWh/County) | | MWHICounty) | |\ nwh/County) fhiodub Do) (MWH/PCA) (MWh/County) | | (MWh/County)
Yy y A A A y A\ y

)

2016 Annual NOx eGRID
(Projection Emissions Reduction till 2023)

4

Combined Energy and NOx Savings Summary
(All Programs for the 254 ERCOT Counties)
Base year, Projected year and Adjustment factors

4

NOx Emissions Reduction
by Program

A

NOx Emissions Reduction
by County

NOx Emissions Reduction
by SIP Area

NOx Emissions Reduction
For ERCOT Counties excluding
Houston/Galveston Area
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Integrated Emissions Savings Across Agencies To Report Savings To TCEQ and EPA

ESL-Single ESL-Multifamil ESL-Commerci PUC-SB7 SECO Renewables- SEER13-Single SEER13-
H H . Family y Buildings ERCOT Family Multifamily
State agencles included: I (MWhiCounty) | | MWHCOUNW) |1 \yiycounty) (VAP (Mhpe (MWh/PCA) (MWh/County) | | (MWh/County)
- TEES/ESL
- PUC | | |
- SECO
- ERCOT/Wind (Projectiicr)lllgrrﬁggizilsNRoe);SgiF;:Dtill 2023)
- SEER 13/14 |
Sin g le/Multifami |y Combined Energy and NOx Savings Summary
(All Program_s for the 254 ERC_OT Counties)

Total savings across agencies f

Annual €emIssIons reductlonS: NOx Emissions Reduction | NOx Emissions Reduction | | NOx Emissions Reduction | |FoPgégg;séfgstizgii?lfging
- By p rog ram by Program by County by SIP Area Houston/Galveston Area
- By county
- By SIP area

- By ERCOT counties

\VsEco “ERCOT

State Energy Conservation Office
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INTEGRATED NOx EMISSIONS REDUTION

(2008 Baseyear)
2018 Integrated OSP NOx Emissions Reduction Using new 2016 eGrid

150
140 B ESL-Single Family
130
. 120 B ESL-Multifamily
S 110
S 100 B ESL-Commercial
2]
8 90 e
ﬁ 80 OPUC (SB7)
<
g 70
= B SECO
G 60 59-tons/day (2017) - mp-
2 50
O Renewables-ERCOT
40
30 ) )
B SEER13-Single Family|
20
10 — 1L 0 SEER13-Multi Family
O T T | | T T T T T T T __r; T T T T T
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 (2019) (2020) (2021) (2022) (2023)

2017 integrated OSP NOx Emissions Reduction
« ESL Code Compliance (3.51 tons/day)
« PUC SB7 programs (3.75 tons/day)
« SECO Political Sub.* (1.14 tons/day)
»  Green Power (Wind) (50.25 tons/day)
» Residential AC Retrofits (0.56 tons/day)
» Total (2017) (59.21 tons/day)
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INTEGRATED NOx EMISSIONS REDUTION ENERGIS

SUMMIT
(2008 Baseyear) ®000e

2018 Integrated OSP NOx Emissions Reduction Using new 2016 eGrid

150
140 : B ESL-Single Family
137 tons/day (2023
130 y (2023) mlpp —
§ 18.8% I year =Sty
S 110 >
g 100 .| | BESL-Commercial
2]
g 90 90 tons/day (2018) *--—
v 80 o . |/|opPuc(sB7)
Ewl —1524%- —|
194 B SECO
@ 60 59-tons/day (2017)" —>
e 50
O Renewables-ERCOT
40
30 B SEER13-Single Family|
20
10 N
o = o B BB I=N=E=0 0 0§ N s
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 (2019) (2020) (2021) (2022) (2023)

2018 integrated OSP NOx Emissions Reduction 2023 integrated OSP NOx emissions reduction

« ESL Code Compliance (4.85 tons/day) « ESL Code Compliance (10.25 tons/day)

« PUC SB7 programs (4.21 tons/day) « PUC SB7 programs (5.78 tons/day)

+ SECO Political Sub.* (1.30 tons/day) + SECO Political Sub. * (1.75 tons/day)

* Green Power (Wind) (78.80 tons/day) *  Green Power (Wind) (118.49 tons/day)
* Residential AC Retrofits (0.63 tons/day) * Residential AC Retrofits (0.49 tons/day)

> Total (2018) (89.79 tons/day) » Total (2023) (136.77 tons/day)
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REPORTS AND PAPERS: TERP SUMMIT

Reports: 2002 through 2018

A Growing Knowledge Base

e = Wy

25 P, S
TERP _CC® IAC - REEL CONFERENCES

4 History

Code Compliance
Calculator

. Data
Letters & Reports
Workshops

" Links

SEE OUR PUBLICATIONS

Recent Reports:

Statewide 2018 Air Emission Calculations from
Wind and Other Renewables (Vol | and Vol I1)
TCEQ 2018 Annual Preliminary Report: Integrated
NOx Emissions Savings from EE/RE Programs
Statewide

TCEQ 2018 Annual Report Volume I: Technical
Report

TCEQ 2018 Annual Report Volume II: Technical
Appendix

ESLTR 10702

ESLTRAS-XXXX

ENER
INT]

ESLTR18XXXX

ENEH

ESLTR19.XX.XX

ENERGY EFFICIENCY RENEWABLE ENERGY IMPACT
IN THE TEXAS EMISSIONS REDUCTION PLAN (TERP)

VOLUME II-TECHNICAL APPENDIX

ENERGY SYSTEMS LABORATORY

TEXAS ABM ENGINEERING EXPLREMENT STATION

EEs
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Dissertation 2018:

P u b I i Catl O nS : 20 1 8 * Shin, M. “Development of a Procedure for Automating Thermal

Zoning for Building Energy Simulation",PhD., Department of
Architecture, August 2018.

7 Papers 2018:
DEVELOPAENT OF A PROCEDURE FOR AUTOMATING THERAL S ? + Liao, J., Wang, L., Claridge,D.E.,2018. "Analysis of Whole-
Z0NING FOR BUILDING ENERGY SBULATION L ierature revicns ot bidine ek confine load method i Building HVAC System Energy Efficiency”, ASHRAE
ll::;.\ ure review of building peak cooling load methods in TranSaCtiOn.
- = *  Wang, L., Sakurai, Y., Bowman, S.J., Claridge, D.E., 2018.
Analysis of Whole-Building HVAC System - & Encrgy Surategy Reviews h "Commissioning an Existing Heat Recovery Chiller System at a
Energy Efficiency . — Large District Plant", ASHRAE Transaction.

* Mao, C., Baltazar, J., Haberl, J.S., 2018. “Comparison of
ASHRAE Peak Cooling Load Calculation Methods”, Science
and Technology for the Built Environment, Vol 25, pp.189-208.

* Fu, H., Baltazar, J., Claridge, D.E., 2018. “Identifying Peak and
Base Energy Consumption Hour Ranges for Commercial
Buildings Using a Non-Parametric Method”, ASHRAE Winter
Meeting.

* Mao, C., Baltazar, J., Haberl, J.S., 2018. "Literature Review of
} ‘ Building Peak Cooling Load Methods in the United States",
i = - MEASUREMENT AND .V ERIFIGATION OF ENERGY SAVINGS Science and Technology for the Built Environment, Vol 24,
Identifying Peak and Base Energy s 2 228-237
4 H Consumption Hour Ranges for o ; i o pp. .
L g 5 Commercial Buildings Using a Non- L
B Parametric Method

Ci18-008

Commissioning an Existing Heat Recovery
Chiller System at a Large District Plant

L Comparison of ASHRAE peak cooling load
caleulation methods

Stephen A. Roosa
Steve Doty
Waniee Tiirme

*  Weijermars, R., Burnett, D., Claridge, D.E., Noynaert, S., Pate,

e : ; M., Westphal, D., Yu, W., Zuo, L., 2018. "Redeveloping

' = K i kb o et g s T Depleted Hydrocarbon Wells in an Enhanced Geothermal

‘ g e o e e g e e System(EGS) for a University Campus: Progress Report of a

e it o g s, ond et e e et B e Real-Asset-Based Feasibility Study”, Energy Strategy Reviews.

Tttt 7 « Chen, W.j., Claridge, D.E., Liao, J., 2018. "Using a Chain

Recooling System on Buildings in Hot and Humid Climates",
Building and Environment.

Chapters Written and Volumes Edited 2018:

e Haberl, J.S., Culp, C., 2018, “Measurement and Verification of
Energy Savings,” Chapter 27 in Roosa, S., Doty, S. and
Turner, W.C., eds., Energy Management Handbook, 9th
edition, Fairmont Press.




U.S. AIR QUALITY IMPROVEMENT FROM
2005 - 2018

Nitrogen Dioxide Level

LOW HIGH

Source from NASA: http://www.nasa.gov/content/goddard/new-nasa-images-highlight-us-air-quality-improvement/#.U_-CNxzKbxQ
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Contact Information:

Jeff Haberl: jhaberl@tamu.edu
Juan-Carlos Baltazar: jbaltazar@tamu.edu
Bahman Yazdani: byazdani@tamu.edu

http://esl.tamu.edu/terp




