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M&V as a Continuous
Whiteman AFB 4




e Lessons Learned at Whiteman AFB

—1 M&V through modeling — it’s all in the detalils

1 M&V surprises lead to understanding of
building dynamics

1 0Ongoing M&V aids ECM performance

1 Ongoing M&V builds customer relationship
and trust
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Objectives

e Multi-Phase Long Term Strategy
= Infrastructure and equipment upgrades;
— Improved facility environmental control;
1 Operations and Maintenance Reduction;
— Addition of energy meters;

1 Networking of additional buildings to facilitate
energy awareness.
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* Energy Management Control System (17 bldgs)

— Central Workstation
 Efficient management of HVAC Equipment

— Unoccupied Setup/Setback or Shutdown
1 Discharge Air Reset on Air Handler Units

— Hot Water/Chilled Water Reset

—1 Heating and Cooling Outside Air Temperature Lockouts

* Lighting
1 T12 — T8 lamps, Metal Halide — T5 lamps (15 bldgs)
— Motion Sensors (9 bldgs)
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(cont’d)

e Ground coupled-heat pumps (10 bldgs)

=7 Replaced aging DX units
1 29 GCHP Heat Pumps; 135 Total Tonnage

« 5 Well Fields + 1 Fluid Cooler

=1 Main Loop, 3 Sub-Loops (5 buildings)
— Temporary Lodging Facilities Loop (4 apt buildings)
— Building 59 Loop (1 building)

* Average EER =18.8, Average COP =4.2
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2. Install steam and electric meters on four typical, high-
energy usage buildings.

3. Post-calibrate eQuest models with Performance Year
measured steam and electric data.

4. Determine savings by retroactively backing out
Installed ECMs from Year 1 Calibrated Models.

5. Apply percentage of verified savings from four
metered buildings to remaining buildings, by energy
source, to determine project savings. &

1. Create eQuest models for 14 buildings to predict
baseline and post-retrofit energy use. !
o
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~2

e Energy actually saved as a percentage Baseline Energy

Usage)
Metered %06 Electric %6 Natural Gas
Building Energy Saved Saved
709 30% 41%
159 43% 43%
139 19% 34%
14 21% 55%

» Saved $312,477 in fiscal year 2008
 Reduced enerqgy consumption by 33,579,000 BTUSs.
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 Actual first year savings were short of
projections.

— Johnson Controls honored their annual guarantee.
— JCI Measurement and Verification team initiated

joint effort with WAFB to investigate.
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 Software modeling errors;
 |nappropriate default parameters;

 Failure to anticipate effect of adjacent
uncontrolled spaces on controlled spaces,

« Unexpected heat flow to spaces from steam
lines and steam-filled condensate lines.
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e Heat sources negate

- Tirme (hour) Row# Mo Temperat
n I g ht Setbac k Tue 2/19/08 5:00 AM 178
Outdoor Temp: | 67 |
11 73 High Bay
=1 Steam and
= Above drop

Condensate piping
= Central Mechanical

Room
~ Uncontrolled steam lj
unit heaters
~1 Computers and office B SN
equipment on 24/7
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« Mixed-Use Building

—1 Uncontrolled 24/7
unit heaters in
warehouse spaces
transfer heat to

adjacent office spaces.
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Bldg 139

Wed 2/20/08 6:00 AM
Outdoor Temp:
15
UNOCCUPIED |~ AHUS
74 76| 73
Increment
Time
Temp
72
72
72 \\H T™MO
i AHU-2
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« Knowledge and understanding of building
dynamics leads to targeted improvement

~1JCI: Replaced steam water heater to allow building
steam shut off in summer;

= JCI: Added controls to warehouse area unit
heaters:

—IWAFB: Steam trap repair/replacement;

—WAFB: Radiant heater installation in bays and ;@
shop areas. m—*\)_a
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eQuest Modeling:
FIVE LESSONS LEARNED
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eQuest is a graphical, Windows-based, front end for DOE-2.2

eQuest Input eQuest Output

Electric Consumption (kWh)
(=00

B eQUEST Schematic Design Wizard (x000)

25

Building Envelope Constructions

20 4
Roof Surfaces |
SR = | |
Ext Finish / Color: |'{ccr'. built up j |'I‘\1cu:|ium' l[al:j

15
10
5
L]
Exterior Insulation: |3 in. polyurethane (R-18) j Jan Feb Mar Apr May Jun Jul Aug S=p OctNov Dec
' 7 = - [ FERIEF =
Add | InSUlatan. | no batt 8 ad ba 12 ﬂ ] Area Lighting [ Esxterior Usage ]
= Task Lighting 5 Pumps & Aux. =
| 1 . Misc. Equi t Wentilati Fans
Intericr Insulation: DOE_Z isc. Equipmen entilation Fan
- Electric Consumption (kWh x000)
GI’I:ILII'ICI F|IZIIZII’ u Jan Feb Mar Apr May Jun
Spaz= oz 0.17 0.42 0.61 it e e
Exposure: |Ea~'t|" Contact j Interior Fin =
Construction: |E in. Concrete j :
. . . & = 1.98 -3
Ext/Cav Insul.: | no perimeter insulation - ﬂ 5 .06 1 1
7.58 7.04 7.95 7.ET 7.58 7.87
5.53 5.3 £.05 £.04 5.53 6.04

15.14 14,44 16.67 17.04 16,20 19.65
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eQUEST

...1s DOE-2.2
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~Y/ Dangerous

What eQuest does best ...

- Many defaults for each building-
type template allow quick and
easy evaluation of energy saving

measures

¢ Office Building Defaults: Common office
construction, windows, schedules,

occupancy, lighting ...

_~GovEnergy 16

www.govenergy.gov

Carl Wouden, Cindy Kuenzi
August 9-12, 2009



Required!

1. Modeling an existing building (especially an older
one) to be calibrated with measured energy data;

2. Complex buildings:
— Multi-use building with offices, shops,

warehouse or storage areas
— Library, Vehicle Maintenance, Training Facility, etc.
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Input and Output Files

e The .inp Is the actual input text file for DOE-2,
containing all of the DOE-2 commands.

e The Input File makes you smarter!
e Six-Chapter book inthe Help | = &
. Conterts | index | Search |
File T e e
e Complete explanation of system | -g::m==
types and commands, :§}§:§zi::: ot

e Pictures!
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mn S'LFF 1 ¥

FLOW/AREA: Sets the zone

Bdmin Computer Zn (G.E2)" = ZONE

vpE CONDITLORED flow rate as a ratio of zone area
MIN-FLOW-RATIC 0.3
FLCW/RRER 0.5
OL-FLCOW/ PER a0

LDESIGN-HEAT-T
HEAT-TEMP-5CH
DESIGN-COQL-T
COOL-TEMP-5CH
ZOME-FAN-T-5CH
STZING-OPTICH
TERMINAL-TYPE
REHEAT-DELTA-T

SEACE

"31 3ysl (PIU) Heat Sch”
75

"31 3ysl (FIU} Cool Sch”
"31 31 Sysl (PIU) ZFTemp"
ADJUST-LOADS
PARALLEL-PIU

i
"Supply Ldmin Computer (G.EZ)"
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OA-FLOW/PER: Zone Outside
Air Flow cfm per occupant
(Occupancy will default by

building and space type, if not
specified)
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(9] WAFB 139 AsBuilt14 - 9.pd2 - eQUEST Quick Energy Simulatio

* A “Gold Mine” of information,
but you may not be able to open
It!
—1 MS.DOS file format
1 Very large text file
— Will lock up on large projects

* Reduce Sim file size by deleting
the Hourly Report under Project
& Site
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File Edit View Mode REGHEE Help

== EN Schematic Design Wizard I F3
ﬁ Design Development Wizard
LR &
Project & Site Wa
Reevaluate aAll Components... mary ]

E Project: 'WAFE 132 | %" Check Building Description

=[] Glabal Parameter Quality Control Reporting. ..
Ltg Hi Bay
Ltg Office
Coal Avail aH Parametric Runs...
Heat Avail Bg Life-Cycle Costing. ..
Unoccupied L Perform Simulation
Unoccupied B
Occupied Ltg
Site Data -* Perform Savings By Design Analysis
% Standard US Holi @& Perform Skylight Parametric Analysis
23 Fixed Shades
= [Z3 Simulation Cptior]
Entire Year
=123 Simulation Cutpu

=23 Mon-Hourly R View Simulation Qutgut...
E Loads Re k

Geometry Data Listing...

rrently de

DEER Analysis 4

Systems
Plant Rey Import Window4/S Report File. ..
Ecanomig
(23 Hourly Repaor
(23 Hourly Repan
—-E2 Annual Scheduled Reinit DOE-2 Property Dialogs
Bl ExtLtg TC 7y Reinit Air System Disgrams
B Frac Off 5ch
gl Frac On S5ch
Bl Ltg Sch
B Eq Sch
B Occ 5ch
B Occ Shop Sch
Bl InfFIM
B Inf Shop -
< ¥

Actions Compaonent Tree

Reinit Wizard Screen Data
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* Over 50 reports in the Sim File e gt ven Wndon teb

Report: |EEPS Euilding Energy Performance j
E DOE'Z Help, V0|ume 4’ Reports’ BEPS Building Energy Performance k ~
Report Map

BEFU Building Utility Performance
ES-A& Annual Costs and Savings
ES-8 Life-Cycle Mon-Energy Costs
ES-C Life-Cycle Investment Savings
ES-D Energy Cost Summary

ES-E Summary of Utility-Rate:

ES-F Elock-Charges and Ratchets for
W-A Life-Cycle Costing Parameters
L5-& Space Fealk Loads Summary

LS-B Space Peak Load Components
RePort Map L3-C EuiLu:!ing Feak Load Components
This section consists of four tables, one each for LOADS, SYSTEMS, PLANT and EONOMICS, L5-D Building Monthly Loads Summary
that show in which reports you can find various calculated quantities, like space loads, LS-E Space Monthly Load Components

LS-F Building Monthly Load Component
LS-K Building Input Fuels Summary
| 5-K Spare Tnpot Fuels Summary

cooling peaks, temperatures, etc.

8 E 8 L3-L Management and Solar Summary
£ % S| E|E W-& General Project Parameters
g glu|s E E Lv-B Summary of Spaces
2lz|S|2|El=|= Lv-C Details of Space
3|58 | % %‘ =| £ LW-D Details of Exterior Surfaces
FlE|ls|Z|= E & Lv-E Details of Underground Surfaces
R é Elz|E LV-F Details of Interior Surfaces I
N T T Lv-G Details of Schedules
Hidg Level | = oo w Lv-H Details of Windows
Infle | 4% I 4 V-1 Details of Constructions
LOADS SUMMARY REPORTS Smcelovel | « | = " - L\ur-J Details of Building Shades
nfe | & | & P % Lv-M DOE-2.2 Units Conversion Table
THERAMAL LOAD Total (Sers&lat) Heat'Cool Space Load ele rlr Lv-N ELIIlEIII'Ig CDDI’dIITI.EtE .GEDmEtr?
Senzible Heat'Cool Space Load [ad [l P |eT| T T P3-A Plant EI'IEI’Q',." UtlllZatan
Latent Cooling Space Load 7 | e iy P5-E Utility and Fuel Use Summary
HeathC ool Space Load Components eflF F FS-C EqLIII:IITIEI'It Loads and Energ',-' Use

FS-0 Circulation Loop Loads
FS-E Energy End-Use Summary for all
FPS-F Energy End-Use Summary for b
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* Cryptic warnings all mean something ... review carefully

3

Report: |A‘I‘I’N Simulation Mes=sages For Review

= =11k}

j Component: |

REPOAT - ATTH

*HHRRNING* +*

*HFRERNING*

GovEnergy
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WATE 14 Lightingd

Simulzticn Messa

Frogram

A AR A AR A R A AR A R A R AR A R R R AR R R AR AR AR R R AR R R R R R
FREHEAT/HEATING—CRPACITY in SYSIEM HVU-1

is too low to provide the requested supply temperature for

the celculated mixed air temperature using total ZMME loads

fon L5-2&/ z2nd S5YSTEM design parameters, plus cutside air
conditions (on LS-C), and specified capacities & sir flows.
Requested tempersture is 110.00 caloulated is T7Z2.00

Check EEATING-CABRCITY, HERT-SEZT-T, ERE-HERI-T, MRM-SUPELY-T,
CESTGH-HEAT-T, and ZME losds for consistency.

e s ok e ok e o ek o ok e o ok 8 o ok ok b o e e o o
DREHEAT/HEATING-CRPACITY in SYSTEM UH's Hi-Bay

is too low to provide the requested supply temperature for

the calculated mixed air tempersture using total ZONE loads

fon L5-2/B) and 5YSTEM design parameters, plus cutside air
conditions (on L5-C), and spec ed capacities & z2ir flows.
Bequested temperature is 110.00 caloculated is 72.00

Check HEEATING-CADRCITY, HERT-S5ET-T, ERE-HERI-T, MRH-SUPELY-T,
DESIGN-HEAT-T, and ZOME loads for consistency.

22
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SLRCE

REPOET - LS-B Space Pezk Load Components

Freenhouse East (ML.E1l)
TEMPERATURE USED FOR THE LOADS

MULTIIDLIER

_~GovEnergy

www govenergy.gov

CRLCULATION IS

Heating and Cooling Load components for each zone

Ereenhouse Zas

FLOCR MULTIDLIER

FLOCR ARER SQFT 53
VOLIME CUrT 23z
COCLING LORD

TIME 20z 24 3BEM

DR Y-BUOLE TEME S F 37 C

WET-BULE TEME 75 F 24 C

TOT HORIZOWMTAL SOLAR RRD 279 BTU/H.SQFT 873 W/MZ

WINDSDEED RT SPRCE 7.2 KIS 3.7 MS

CLOUOD RMOUMT O (CLERR)-10 3

SENSIBLE LATENT
(EBTU/H) EW ) (FEBTU/H) {

WALL CONDUCTICN 1.183 0.ooo0
ROOF COMIOUCTIC 0.32& 0.000
WIMDCW GI2S5+FEM COHMD 13.535 0.000
WIMDCW =L&S5 SCOLAZR 5,488 0.000
DOCR COMDUCTION 0.000 0.000
INTERMAL SURFACE CCOHD 0._o0o 0.ooo0
UNDERGROUMD SURE CCHMD =0, 342 0.000
COCCUBANT S TO SBRCE 0_0z5 0.000
LIZHT IO SERCE 1.33¢ 0.000
EQUIDMENT TO SERCE 0.000 0.000
DROCESE IO SCRCE 0. 000 0.000
INFILTRATICH 1.741 1.151
TCTRL 1.151
TCOTRL / RREER 0.043 0.002
TOTREL LOZD 25,141 5.538
TCTRAL LOAD F ROER 50.77 150.115

WERTHER FILE-

70 F /

3

mHEOn
[

-24.7353 EBIU/H
43.133 BIUSH.SQFT
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r\ otal Hours and Time of Day at Temperature Levels for each zone

- 85-0 Space Temperature Summery for Hi Bay én (E.W1) HWEATHER FILE- Columbia Mo TMYZ
TCTAL HOURS AT TEMPERRTURE IEVEL AND TIME COF DAY

HOUR =z 3 4 5 ¢ 7 8 5§ I0D 11 1z 1FMZ 3 4 5 & 7 B8 % 10 11 12 TOTAL

LBOVE 85 o 0 0 0o & 3 7 le 5 3 40 41 44 4% 50 51 51 45 0O 0 O 0 0 0O 451
B0-85 o0 0 0 23 3 31 38 30 30 ¢ 8 27 o4 27 ée 24 2 O 0O O 0 0 0O 378
75-80 o0 0 0 3w 3 B O 1 1% 2 24 4 34 33 3 ég 2% 2 0 0 0 0O 0O 358
70-T5 g 0 0 0 53157 1el 155 157 1e0 154 145 151 13% 138 133 143143108 o0 0 0 0 0 2103
£5-T0 g 0 0 0 14 24 20 20 1% 12 11 1# & B8 & 8 & & O O 0O 0 0O 188
£0-25 g 0 0 010 11 7 & 5 & 5 & & 7 7 & 7T &8 0 0 0 0 0 0 87
BELGH <0 g ¢ 0 o 7 7 7 & 4 3 3 1 1 0 0 0O O O O 0O 0 0 0 0 38
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HVAC System Design for each system, showing airflow and load for
each zone served by that system.

709 RsBPuiltz3

REEDRT- 5V-2 System Design Farameters Zor ZHU-5

| BZBH)

-~

FLOCR OUTISIDE COILING

SYSTEM ALTITUDE RRTR MRH ATR CRDRCITY SEMSIELE

TYEE FACTCR (SQFT ) EEDELE BATICO (EETU/HR) (EHER)

SZFH 1.030 13538 .0 Z7. 0.030 35.5851 0.758
DIVERSITY DOVER FREN STATIC TOT AL MECH
FEM CRERCTITY FACTCR CEM AND DELTA-T DRESSURE EFF EFF
IYEE CFM ) (FRRC) (EH) (F) (IN-W2RIER) (FRRC) | FRALC)
SUEELY 2374, 1.00 0.&78 0.73 1.0 0.350 0.a2
s SUBELY EXHRUST MTNTHMIM OUTs I0E
ZME FLOW FLOW BN FLOW RIR FLOW
HEME (CFM ) (CFM ) (EH ) (FRALC) (CFM )
Engineering Zn (=.C12) 2472, a. 0.000 1.000 74.
Vault Ex Fuel Zn (E.HNW13) 275 a. 0.000 1.000 8.
Office Zn (G.HN14) ZZ7. a. 0.000 1.000 7.
EL]l Core Bl Zn (=.CZ8) a. a. 0.000 0.0 a.
EL1 Md Perim Pl Zn (& .NWZ 0. a. 0.000 0. 000 a.
EL]l Morth Perim Pl Zn (G.) 0. a. 0.000 0. 000 a.

_~GoVEnergy
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DOE-2 . 2-44e4 1273172008

HEATING
CRERCTITY

| KBTI /HR)

-133 .21%

CRAW-THRD

FEM
ELACEMENT

COOLING

e
et

ITY

(EBTU/HR)

4]
a

.00
.00
-0a
.00
-0a

-0a

WERTHER FILE-
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COOLING EATING
ZIZ Iz
| BIU/BT) (BTUS BIT)
0. 000 0.000
MRX FEN
FIM FATIO
CONTEOL | FRRC)
COHMSTENT 1.19a
EXTRACT ICH
SEMSIELE FRTE
(FREC) (FBTUSHR)
0.00 51 .34
0.00 5.77
0.00 4 .75
0.00 0 .00
0.00 0 .00
0.00 0 .00

9:0

HEAT
ZTEE

7:35

Columbia

EUME

-HER

(FKEIU/HR)

a_000

MIN FEN

RATIO

|FRAC)

HEAT

2palC

(EBTU/HR)

4]
=10
-8

a

a

a

0.30

INE
ITY

.00
.05
.32
.00
.00

-0a

BDL BIM
MO TMY¥Z

ADDITION
RRETE

-1l24.
=5.
-4,

a.
0.

a.

| EBTU/HE)

42
15
28
[l ]
Jula]

aa

1

ZCHME
MULT

o e e




R./\ 3. Detalls, Detalls, Detalls

The more things you “pin down” at the beginning for an existing
building model, the easier calibration will be at the end

 Actual kW/sq ft of lighting. Note Building control strategies

% burnouts, lighting schedules — Setback/Setup
« Parking lot, Exterior lighting kW. 1 Central control or zone autonomy
« People density, Occupied Hours  Outside Air
Number of computers. Left on at = Get as much feel for OA as

night & weekends? (ask IT Dept) possible

* OA Dampers

e Economizer?

* Building Pressure
VAV Box flow, Minimums

Infiltration

« Office equipment, foot heaters
» Domestic Hot Water heating

HVAC equipment nameplate data,
general condition

 Space Temperatures

. GovEner Carl Wouden, Cindy Kuenzi
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e eQuest and DOE-2.2 are constantly

being updated; bugs are getting fixed.

e Latest versions, available online, are
better than the previous versions.

e http://www.doe2.com

eQUEST Version 3.63 Download:

Current Release (posting date: 5/14/2009, ~44 MB):
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P

EQuest Is not transparent.
Modeling is complex.

Post-calibration of models is
an accepted M&YV practice, but
risky.

Jackass, The Movie

The End of eQuest Lessons

GovEnergy )8 Carl Wouden, Cindy Kuenzi
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e Ongoing M&YV has clarified actual facility dynamics,
and enhanced the relationship between Whiteman
AFB and Johnson Controls

Quarterly Report

Equipment Cooling/
Parameter Heafing/
Monitored Econ

Building

in Place

Schedule | Occupied

Setpoint

occupied
Setpoint

Un-

Enable/ Econ
Lockout Enable

Spt Spt

Ovemides/ Comments

Occupants complain that the Dispatch Area nins two s
HWVAC schedules are for single shift. Advised to cont:

VAV-19 and VAV.9 seem to be under-heating.
Occupisd schedule should probably be movedup 1-2 F

139 Dispatch VAV |Heating  |Ves 6&* 60" moming--temperature recovery is too slow, especially
HOTng.
Technician thought there might be some blockagein E
Dispatch Area. Afterleaving last High Bav, Jling srew
couldnot detect much flow.

159 |[MAU- Only |Yes 700|607 v Zons ting as Intended

3 MAT- Hig Omly s ] Temp Crperating as Intende
139 HE-2 Hig'Clz  |Yes TOT4% | 63%/80° Operating As Intended
139 HP-10 Hig'Clg  |Yes 705747 | 65%/80° Computerroorn, alwavsin cooling
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» Use Building Automation System trend data to verify that Energy
Conservation control strategies are in place and working as intended.

This graph verifies:
» Economizer operation
* Economizer enable setpoint

o Damper minimum position
e Scheduled, Damper closed

unoccupied
120
100
80 E A //:\Y\ NS ‘/‘r\ 1
N \ Ny T~ —
60 f__/\ N} g\\ AN Ny ~J U ANE \ﬂA,
: NS MM O N \ ~~/ ,[ AL .
40 N -~ \ N / \ — :' :
L NeAA
20
o o) &) o) o) o) o) o) o) &) o) o) o) o) o o) o)
e & & «© f ® © ¥ £ © & & & & &£
’b\\y ’b\\f) 'b\\’b 'b\(’\ %\'3’ %\\9 . 'b\’\'g 'b\’\:\’ 'b\’{)’ ’b\,\'p 'b\'\'“ 'b\'f’o %\"9 . 'b\'{'\ ’b\,@ ’b\'{} '5\0’0
g B &8 ¥ $eb & <& B & ®o° ¥ $zb & <& & & ®o°
=139 Outdoor Air Temp =139 AHU-1 Discharge Air Temp 139 AHU-1 Mixed-Air Temp =139 AHU-1 Mixed-Air Damper Position
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 Analyze no more than 4 buildings each quarter

180

« Present and discuss findings with maintenance 2g 170
staff 62 igg
* Follow up the next quarter §‘g 140
2 130
- S E
Verified: Te
*  VFD backing off *  Chilled Water setpoint 10 20 30 40 50 60 70
. Fan Off during Unoccupied ° Hot Deck Reset Outdoor Air Temperature Deg F
120
100 -+
30 f A N‘ A “ /,\ /\
60 kn/fc ‘ ~_ N\ ] AN /\ Q[ ﬁ.
S ) —— \\J N MWW
40
20
0
N S $ N N N N N N N
%\QO)Q v\&0 @\QQQ <<>\°Q0 /\\&Q vo\&Q q\&Q o\QQQ '»\&0 '1,\&0
% 4 2 % 2 N N \V v v
) R R) & & & & 5 ) R)
N} < S = & < & N €
=139 Outdoor Air Temp =139 AHU-1 VSD Fan Output ——— 139 AHU-1 Discharge Air Temp
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e ESPC Project met Whiteman AFB requirements and
financial goals
1 Springboard for long-term energy improvement;
1 Trusted partnership between JCI and Whiteman AFB.
e Detalled M&V Analysis clarified actual facility dynamics
—1 ECM refinements and building improvements by JCI;
1 Additional energy savings projects initiated by base.
¢ Ongoing M&V maintains maximum benefit from Energy
Conservation Measures
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