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Introduction (1/2)
]

Energy reduction goals as mandated by Executive Order

ESPC (Energy Services Performance Contract):
 DO#1: 58 buildings in 2004-05
 DO#2: 47 buildings in 2006-08

* Energy Conservation Measures (ECMs)
- HVAC control system upgrades
- Lighting retrofits
- Vending machine controls
- Cooling tower variable frequency drivers (VFDs)
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Introduction (2/2)
]

Laboratory’s Measurement & Verification (M&V) efforts
* Hourly electricity data collection

- 23 DO#1 buildings

- 10 DO#2 buildings

 Energy and demand savings calculations

- Liu et al. 2005; Cho et al. 2008; Kim et al. 2008
- Short-term basis (just after the installation of ECMs)

Hence, this paper examined
the persistence of energy savings from the application of M&V for the Fort Hood
Energy Services Performance Contract (ESPC).
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Methodology (1/3)
- J 5

Selection of Buildings

ESL-IC-11-10-66

®* 10 buildings (6 DO#1 and 4 DO#2) based on the availability of suitable hourly data for
the pre- and post-retrofit periods
* Post-retrofit periods: 2008-2010 data
Cd -
ID No. for ” En c ion M M \\\ Annual Audit-
Ten Sites o o Il ergy Conservation Measures ( S) \ Estimated
Building/ DO#1/ | Building 1 .
Analyzed | Bldg. # Thermal Plant Name DO#2 |Size (ft?) Cooli I Hlectricity
in this : HVAC Liahtin Vending _Ic_>o ng Savings
Paper 1 Controls g g Controls ower (kWhlyear)
i VFDs |
1 410  |Headquarters Bldg. DO#1 102,391 : \ \ \ H 931,344
2 87007 |Enlisted UPH Bldg. DO#1 31,470 : v v : 5,887
3 87012 |Enlisted UPH Bldg. DO#1 42,306 | Y \ : 9,719
4 87017 |Dining Facility DO#1 15,695 : v \ I 41,390
5 87018 |Physical Plant DO#1 3327 | \ \ \ : 522,971
6 91012 |Admin Bldg. DO#1 86,292 | \ \ Lo 39L 136

113
7051

Information Processing Ctr.
Child Development Ctr.
Simulation Bldg.

Chapel Bldg.

DO#2
DO#2
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Methodology (2/3)

Hourly Data Collection

® Pre-retrofit data
- DO#1 buildings: ACR loggers or manual readings
- DO#2 buildings: ACR loggers

* Post-retrofit data
- DO#1 buildings: Wattnode meter
- DO#2 buildings: ACR loggers

* Weather data
- NOAA NCDC data for WACO airport
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Methodology (3/3)
] 7

Savings Calculation Methods 4
* Development of baseline model using pre-rei?
- Calculate daily usage from hourly or 15-n 2
- Model with the ASHRAE’s IMT (Inverse M : _

) Regression Models Amblelz;;femperamre Ambleiigemperature
Mean model A a

Two parameter model
Three parameter model

Four parameter model ¢ o ¢ . g

Five p aramete r mo d el Ambient Temperature Ambieﬁ) ;’emperature
©

Eb Bl

Energy Usage

\

|

Bl B1

Energy Usage
Energy Usage

SN

* Prediction for the post-retrofit period using 1 4
- Using post-retrofit weather conditions ; L
- Electricity usage that would have been if the ref

(&

B2 B2

—_

B3 > B3
Ambient Temperature Ambient Temperature

* (Calculation of savings: Epredicted = Emeasured © @
- Epredicted: predicted energy usage using the base
- Emeasrued: measured post-retrofit energy use

Energy Usa
o]
Energy Usage
o]

Bl

>

B1
B2

Energy Usage
o]

B3 B4

Ambient Temperature
@

Energy Savings and Persistence from an ESPC at an Army Base 11t ICEBO Conference Oct. 18 - 20, 2011




ESL-IC-11-10-66

Savings Analysis: DO#1 410 (1/3)
1

410 Headquarters Building

*  Sum hourly data into daily totals

* Retrofits: HVAC controls, lighting, and vending controls

* Pre-retrofit period used in this study: Mar. 2003 to Feb. 2004
* Post-retrofit period used in this study: Jan. 2010 to Sep. 2010

12,000

11.000 A Pre-Retrofit Data_Used
I Post-Retrofit Data 2006-2007

10,000 7 Pre-Retrofit =i £
9,000 A _"->. Post-Retrofit

8,000 A
7,000 A

6,000 -
5,000 A w
4,000

3,000 -
2,000 -
1,000 -
0 : . . . ; ;
9/1/02 1/14/04 5/28/05 10/10/06 2/22/08 7/6/09 11/18/10 4/1/12

Pre-Retrofit Data Not Used - Post-Retrofit Data 2004-2005
Post-Retrofit Data 2010

L
craEEEEET— o ess
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Whole-Building Electricity [kWh/day]

Date
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Savings Analysis: DO#1 410 (2/3)
-39

410 Headquarters Building
® Three parameter baseline models for weekdays and weekends

= 12,000
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= 10,000

? 9,000
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Savings Analysis: DO#1 410 (3/3)
]
410 Headquarters Building
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10

* Increased electricity usage of —11.3% of the audit-estimated savings

* Audit-estimated savings: 640,458 kWh
* Measured savings: -72,123 kWh

300,000
250,000 A
200,000 A
150,000 -

100,000 -

50,000 -

0 7 T T T T

Whole-Building Electricity [kWh]|

-50,000
Jan-10  Feb-10 Mar-10 Apr-10 May-10 Jun-10 Jul-10 Aug-10
= Baseline C— Post-Retrofit =—O— Measured Savings

Sep-10  Oct-10 Nov-10 Dec-10
—{J— Audit Estimated Savings
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Savings Analysis: DO#2 113 (1/3)
1 11

113 Child Development Center

*  Sum hourly data into daily totals

* Retrofits: HVAC controls and lighting

* Pre-retrofit period used in this study: Oct. 2005 to Oct. 2006
* Post-retrofit period used in this study: Sep. 2008 to Sep. 2010

4,000

""""" Pre_Retrofit Data Not Used
3500 1 T Post-Retrofit Data 2008

Pre-Retrofit Data Used
Post-Retrofit Data 2008-2010

Construction Period

3,000 Pre-Retrofit —> Post-Retrofit
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Savings Analysis: DO#2 113 (2/3)
I I T

113 Child Development Center
® Three parameter baseline models for weekdays and weekends

— 4,000 . . . . . . . : : : T ! T ! T
g 4 Pre-Retrofit Weekday Data i i < Pre-Retrofit Weekend Data
= 3,500 14— @ Post-Retrofit Weekday Data - T [ T B Post-Retrofit Weekend Data
E 3000 4 | === Pre-Retrofit Weekday Model ___i _______ P e Pre-Retrofit Weekend Model
= >
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Savings Analysis: DO#2 113 (3/3)
] 13

113 Child Development Center

*  73.0% of the audit-estimated savings
* Audit-estimated savings: 244,438 kWh
* Measured savings: 178,318 kWh

80,000

70,000
60.000

50.000
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Whole-Building Electricity |[KWh]|
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Savings Analysis: Summary
T

Electricity Savings For the Measured Period
ID No. for (2010 for DO#1 and 2008-2010 for DO#2)
Ten Sites -
Building/ DO#1/ . . Pre-Retrofit | Post-Retrofit Pre-Retrofit Audit- .
[0) -
A_nalyged Bldg. # Thermal Plant Name | DO#2 Baseline Period Data Data Model No. Estimated Meas_,ured % ofAudlt
in this of Savings Savings Estimated
Paper D - kWh/peri i
p! ays (kWhiperiod) ( /period) Savings
B T T TR T T T —— —\ T —— _-_-- g__-_--
ourly data from|15-min data frc?h" P Weekday and
. . -Feb. | - -119
1 410 |Headquarters Bldg DO#1 jMar. 2003-Feb. 2004 ACR logger Wattnode Weekend Models| 251 640,458 72,123 11%
: |
Kkt 1 |15- fi
2 | 87007 |Enlisted UPH Bldg. | DO#1 [Dec. 2000-Mar. 2003 cekly manual |15-min data fromg, 400 voded| 234 3774 24,905 660%
readings Wattnode |
. 1
3 87012 |Enlisted UPH Bidg. | DO#1 jDec. 2000-Mar. 2003 eekly manual |15-min data fromy, 420 Model | 251 6,683 -8347 -125%
readings Wattnode |
. |
.. . 1 [15-min data fi
4 | 87017 Dining Facility DO#1 |Feb. 2001-Mar. 2003 eckly manual |15-min data fromf ) 000 Model| 253 28,689 236,290 -126%
readings Wattnode i

-Nov. 2001; May-Nov. tHourly data from 15-min data f
ar.-ov. 2008, Viay-mov. grioutly data from| [ o=l cata oM, 5 Al data model 173 247874 170,867 69%

12002; and Apr.-Dec. 2003 BACR logger Wattnode
{Hourly data from|15-min data from{3P Weckday and:
/I Weekend Modelsj

5 87018 |Physical Plant DO#1

6 91012 |Admin Bldg. DO#1 [Dec. 2002-Feb. 2004

251 268,973 -322,858 -1209
\ ACR logger Wattnode > ; %

PN

7 13 gff“mtm Processing | 1 ,ﬁ:v.-zzoz-(;c: ;)0-6- oS g‘}':%if;ﬁo_m fg“gig:r-ﬁm{ 3P All data Modei 518 101318 -357,110 73;20-/.,
8 113 |Child Development Ctr. | DO#2 {Oct. 2005-Oct. 2006 g‘}‘:lfozz from iocugo‘;agt; from 3;63(2‘:11;‘1%32&5 744 244438 178,318 73%

9 7051 |Simulation Bldg. DO#2 [Nov. 2005-Aug. 2006 Ocu;}fo::rfmm ioculgozzfmm Q;g{:l;d&yﬁii 754 138914 939,767 677%
10 | 10041 |Chapel Bldg. DO#2 |Dec. 2005-Dec. 2006 | g“;li'ozzz from I:OC“;TO‘:; fm’;‘j 3P All data Mode,: 571 72,184 175,858 244%
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P b D b D =~
¢ Electricity Savings (KWh/period) “ ¢ Electricity Savings (kWh/period) %]z Hectricity Savings (kWh/period) .
lll':;rll\lg.i::: DO#1 | for 2004-2005 for 2006-2007 for 2010 (DO#1) and 2008-2010 (DO#Z):
i i i i ) 0, o)
Ainnag?:d Blgg. The rmBalIJ I;’?;:%/Name D O/ 4 g quleld(lflzg I\(I)of. Es':l::ziatt-e d Meastu red A_ﬁodc;:- l\éof. Esﬁl::;tt-e d Meastu red A;Ocﬁ:- l\éof. Es':‘il::ziitt;e d Meas_u red A;odc:];- :
Paper Days Savings Savings Estm"nated Days Savings Savings Estlrr_'nated Days Savings Savings Estlrr_lated
I Savings Savings Savmgs!
194 |NCO Club DO#1| 19,023 335 469,829 53,620 11% lr
I 1 410 |Headquarters Bldg. DO#1 | 102,391 | 202 515,429 -11,190 -2% 335 854,795 129,611 15% 251 640,458 -72,123 -11%
1001 |Headquarters Bldg. DO#1 | 312,800 § 365 821,700 787,465 96% .
i
5764 | Officers Club DO#1| 36,649 335 293,328 113,722 39% 1
33001 |MEDAC DO#1 | 20,240 § 212 22,307 68,660 308% 699 73,550 135,350 184% :
33003 | MEDAC DO#1| 20,240 [ 212 21,928 -36,228 -165% |
52024 |Comanche Child Bldg. DO#1| 34,779 1 100 103,251 71,568 69% 212 218,892 164,917 75% i
87003 | BN HQ Bldg. DO#1| 12,314 74 10,405 15,839 152% !
87006 | Health Clinic DO#1 | 4,073 28 847 740 87% 46 1,392 2,460 177%
2 87007 | Enlisted UPH Bldg. DO#1| 31,470 365 5,887 25,138 427% 234 3,774 24,905 660%
87008 | BN HQ Bldg. DO#1| 6,371 28 1,412 2,173 154% 46 2,320 5,949 256% !
87009 | BN HQ Bldg. DO#1 | 12,381 28 3,773 2,760 B 4 i
P e ‘
[ Tl T am T farma | L byosite variation: 4—-—-"
nliste: . . 24 - )
87014 |CO HQ Bldg. DO#1 | 14,162 335 30,11I _352% t0-6770/0 Of tl:le E i =
$7015 | Enlisted UPH Bidg w1 15 audit-estimated savings
87016 |CO HQ Bldg. DO#1 | 25,168 182 25,030 40,993 164% i
4 87017 | Dining Facility DO#1 | 15,695 28 3,175 4,755 150% T T T T T E s cerm s meene s mmnr=me | -126%
s [87018|Physical Plant DO#1| 3,327 ! « Higher savings than audit- | eo%
91002 |Headquarters Bldg. DO#1| 38,462 115 68,728 31,010 45% X estimated savings i
6 91012 | Admin Bldg. DO#1 | 86,292 § 110 117,877 -57,119 -48% '::::::::::::::]__’25__1::5632_7)’22:::25?:53§|
* Less savings than audit-
7 13 |Information Processing Ctr. | DO#2 | 22,000 215 42,05 estimated SaVingS
8 113 | Child Development Ctr. DO#2 | 23,100 216 70,96'0' TU0UL,ZYD T 8DV | 144 244,458 118,315
7012 | AC Maintenance Hanger DO#2 | 54,706 262 67,3 3:
9 7051 |Simulation Bldg. DO#2 | 24,908 216 39,79:_ —— !I}SI_‘(_E??(_EEI_EI}(_%I_‘%}_’ _ll_s_a_g_e_ I —
10 10041 | Chapel Bldg. DO#2| 6,659 189 23,893 44,513 186% 571 72,184 175,858 244%
23001 |Physical Fitness Center DO#2 | 58,841 216 76,696 -2,343 -3% .
50004 | Exchange Main Store DO#2| 307,336 Y 468 363,595 -17,769 -5% |
88030 | Repair Bays DO#2 | 171,957 \\ 4 &{7 171,767 76,232 44% 4 \\ 1 /




Energy Savings Persistence

I N T

Three groups
* Unmet savings for Group 2 and Group 3 buildings: unknown reasons

Measured Electricity Savings (Wh/ft2-day)
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Audit-Estimated Electricity Savings (Wh/ft>-day)

ADO#1 Sites
(2004-05)

ADO#1 Sites
(2006-07)

ADO#1 Sites
(2010)

ODO#2 Sites
(2006-07)

ODO#2 Sites
(2008-10)

Note: The numbers in
the figure are the
building identification
numbers in the first
column of Table 3. ID
No.5 (87018 Thermal
Plant) was excluded in

ESL-IC-11-10-66

the figure due to its very

large numbers of

savings (431 Wh/ft’-day

of audit-estimated

savings and 297 Wh/ft’-

day of measured
savings: Group 2)

compared to other sites.
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Recommendations
]

Three Recommendations

* Blink Test
- Staged shut-down sequence for the systems of interests in the building
- Quick way to identify the size of various loads

* Energy Sub metering
- Sub metered energy data by major end-use
- Helpful to identify the reasons of improved /deteriorated energy performance

* Lab Testing of Individual Measures
- Testing in an independent lab before applying measures in the field
- Helpful for a more accurate estimate of savings
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Summary
I

Analysis of Long-Term Energy Savings from an ESPC at an Army Base
® 10 buildings at an army base

* Weather-dependent and weather-independent linear and change-point linear models
calculated with the ASHRAE’s IMT

* Results
- For all 10 buildings: 40% of the audit-estimated savings
Site-by-site variation: -352% to 677% of the audit-estimated savings
3 buildings: higher savings than the audit-estimated savings
2 buildings: less savings that the audit-estimated savings
5 buildings: negative savings (increased energy usage), overwhelming the total
savings
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Thank You!
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