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INTRODUCTION AND BACKGROUND

INTRODUCTION
The purpose of this document is to report on actions initiated or already in place to achieve Federal energy resource management goals at the Ames Research Center (ARC), Moffett Field, CA.  This report is structured to the requirements and goals established by the NASA Energy Conservation and Management Implementation Plan (ECMIP).

Federal agencies, including NASA, are required to develop plans to implement the energy resource management goals established by the National Energy Conservation Policy Act (NECPA), as amended, and Executive Order 12759.  These goals include a 10 percent reduction in energy consumption by FY 1995 and a 20 percent reduction by FY 2000, as measured from the base year of FY 1985.  Other goals include the following:


-
A 20 percent increase in energy efficiency for industrial facilities by FY 2000


-
Minimizing petroleum use through alternative energy sources


-
Procurement of energy efficient goods and products


-
Participation in demand side management services


-
Use of outreach programs to promote vehicle fuel efficiency


-
A 10 percent reduction in fuel consumption in Federal vehicles by 1995


BACKGROUND
Ames Research Center is under the NASA Office of Aeronautics.  Primary emphasis is in fixed wing and rotorcraft flight research utilizing some of the world's most powerful wind tunnels and super computers.  Ames also supports the shuttle program with the Vertical Motion Simulator allowing roll-out and landing training.  Ames supports programs in life science, earth science and basic research in space science. 

Ames operates 12 wind tunnels to provide testing in many flight environments. Models can be tested for flight characteristics at low altitude & 100 knots air speed up through high enthalpy, Mach 14 flight.

Ames operates a fleet of  research and platform aircraft, including the Harrier vertical take-off and landing (VTOL) fighter, the XV-15 tilt rotor aircraft, the ER-2 high altitude Earth Resources research aircraft.

In FY95 most all of what was the former Naval Air Station Moffett Field was transfer to NASA.  Other federal agencies will occupy most buildings.  The accounting of energy use on Moffett Field will be to include in the ARC consumption those building NASA occupies.  Each tenant will include their consumption under their agency's plan.


  ORGANIZATION

INTRODUCTION
ARC has designated the Center Operations Directorate (Code J) to implement and manage a 15-Year Energy Conservation Plan. Within Code J, the Plant Engineering Branch (Code JFP) is assigned the responsibility for program management and reporting to NASA Headquarters.


IMPLEMENTATION APPROACH
Even before the recent revival of federal energy conservation policies, Ames had existing organizations responsible for programs covering many of the conservation areas.  In an effort to minimize redundancy, no new organization was formed.  Instead, code JFP was assigned the responsibility to provide coordination between these organizations and act as the focal point for the Center regarding energy conservation  issues.




PLAN COMPONENTS

SECTION 1. Federal Energy Efficiency Goals for Buildings

Ames NMV energy use decreased by 5.3% from FY95.  Ames has met the FY95 reduction target of 10% from the FY85 levels.  The largest drop has been in electrical energy.  Gas consumption is about 4.5% higher than in FY95, but has remained relatively flat since FY89.  Electric meters were installed in 4 buildings. Natural gas meters were installed in 4 buildings.

FY1985
209,000 BTU/GSF
CHANGE FROM FY85

FY1995
188,000 BTU/GSF
-10.0 %

FY1996
178,000 BTU/GSF
-14.8 %

Ames has many operation and maintenance practices that promote energy and water conservation.  The following represents some typical examples.  

All space heating boilers are annually tested and adjusted for maximum combustion efficiency and minimum harmful exhaust emissions.  Ames Plant Engineering Branch plans to purchase a combustion analyzer so they may increase the testing frequency. 

All chilled water plants and heat exchangers are tested and cleaned annually for scale build-up.  Scale interferes with heat transfer and wastes energy.  

In the area of equipment replacement, Ames reviews the current heating and cooling requirements to replace old systems with more efficient ones.   Replacement equipment must meet California Title 24 energy standards.  Smaller units are specified where new building load calculations warrant.  In addition,  multiple smaller cooling units replace large single plants.  In this way, each unit runs at higher efficiencies while matching the instantaneous load better.   

Roof replacements are designed to insulation standards of Title 24, and roof materials to protect the insulation from moisture damage.

Because code JFP is also responsible for oversight of the maintenance and repair programs,  they require that appropriate projects include energy conservation. JFP can provide some additional funding when appropriate to add energy and water conservation measures to projects.

SECTION 2. Federal Energy Efficiency Goals for Exempt Facilities
Ames MV energy dropped 12.7% compared to FY95.  This is mostly due to reduced operations during the revitalization of the Unitary Plan complex, and acoustic modifications on the 40x80 Foot Wind Tunnel.

All maintenance practices under Section 1 are also applied to the mission variable buildings.

SECTION 3. Federal Energy Efficiency Goals for Industrial Facilities
Ames has no industrial facilities under the Agency definition.

SECTION 4. Minimization of Petroleum Use in Federal Buildings
No fuel oil is currently used for space heating.  Ames removed all fuel oil tanks for space heating boilers.  The primary reason was elimination of potential sources of underground contamination to the aquifers.  

Ames deactivated its propane facility in 1990.  

SECTION 5. Energy and Water Surveys and Audits


a. Comprehensive surveys for NMV buildings


No audits were performed during FY96.  


b. Exempt Facilities


No audits were performed during FY96.


c. Leased Facilities


Ames has no leased facilities.

SECTION 6. Implementation Strategy

ENERGY REDUCTION PROJECTS

Table 4-1 lists energy reduction projects that have been completed or are on-going at ARC Moffett Field.

Table 4-1

Energy reduction projects at arc moffett field

PROJECT
COST
DESCRIPTION

N566 Ductwork Modification
$24,555
Corrected climate control problems by replacing the main heating coil with three smaller coils, rebalanced the air distribution system, and  retrofitted the controls.  The control retrofit allowed the introduction of Time of Day, Equipment Startup Sequencing (to cut down on Demand), Outside Air Reset Schedules for setpoints, and Outside Air Lockout of the boiler.



N227 Chiller Replacement
$243,544
Replaced a 100 ton water-cooled chiller/cooling tower system with a 100 ton air-cooled chiller.  Resolved flow problems in the system by repiping into a primary/secondary configuration.



3 Steam/HW System Repair
$30,172
Corrected a piping error where approximately 100 GPH of condensate water from the steam system was dumping under the building.  Consolidated old steam piping to eliminate leaks and minimize heat losses.  Demolished an old, leaky hot water heat exchanger with a new, high-efficiency hot water heater and consolidated the service from 2 hot water recirculation pumps into 1.



191 Storm Water Lift Station
$101,983
Upgraded system to replace one 10 HP pump with a second 20 HP pump to raise total flow capability of station to 14,000 GPM (from approximately 9,000 GPM), yet accommodate low flow conditions (500 GPM through the use of VFDs.  This will also eliminate cycling of the large motors (which has burned up the windings in the past).



N236 Cooling Tower
$42,503
Replaced 300 ton tower with a 200 ton tower to correspond with cooling loads (calculated by JEF).



N200 Chiller Replacement
$140,000
Replaced aging 100 Ton chiller with reciprocating type compressors with

screw chiller with the same tonnage for better partial load performance.

Replaced circulating pump with high efficiency motor.



N202 ECM Relamp
$22,000
Replaced all fluorescent lights and ballasts with more energy efficient ones

on 1st and 2nd floors.



N223 Cooling Twr Replacement
$30,000
Replaced existing cooling tower with parabolic type cooling tower.



N234 Chiller Replacement
$86,000
Replaced two 20 Ton water cooled chillers with one 40 Ton chiller 

with 4 scroll compressors.  Modified piping and equipment config-

uration to enable chillers to operate more efficiently without by-

passing water chiller.  Replaces unit with inefficient reciprocating

type compressors.



N242 Chiller Replacement
$92,000
Replaced aging 60 Ton water cooled chiller with 60 Ton chiller

with 4 scroll compressors.  Modified piping configuration.  Chiller

replaces unit with inefficient reciprocating type compressors.



N239 Cooling Tower Replacement
$175,000
Replaced cooling towers with ones which are properly sized to

support the heat rejection of the new chillers.  New towers have

better performance than the existing and are furnished with high

efficiency motors.

Table 4-1


Energy reduction projects at arc moffett field

N239 Chilled Water Piping Mods
$39,000
Modified chilled water piping at the basement of N239 to improve

air separation and chiller head pressure control resulting in 

an improved system performance.



N242 A/C Replacement
$65,000
Replaced an old problem-plagued 30 Ton A/C unit with a more 

energy efficient VAV 30 Ton A/C unit.



N243 Chiller Replacement
$200,000
Replaced two 65 Ton reciprocating type chillers with two 100

Ton chillers with screw compressors with the intention of running

only one chiller at a time which accomplishes better system

performance and enhanced system reliability for critical load.



N245 Chiller Replacement
$269,000
Replaced 2 aging 120 Ton chillers with reciprocating 

piping configuration to improve overall system performance.  

Replaced chilled water circulating pump with high efficiency motors.



N247 ECM Implement
$70,000
Replace all fluorescent lights and ballasts with more energy efficient ones.  Replace the 20 Ton A/C unit with a more energy efficient one.  Install FMCS for optimal energy control.



3  Fluor-light Replacement
$12,000
Replace incandescent lighting with more energy efficient fluorescent

lighting.



Installed 107 EMC2 Units
$64,281 
Calculates the cooling “inertia” of the system and uses the “free cooling”  from refrigerant already in the evaporator to reduce compressor on-time.  Provides 40% energy saving.  Installed on heat pumps.  Provides CO monitoring.  Can be tied into FMCS for CO alarms.  Savings of 500,000 KWH annually.

Steam Trap Replacement
$63,490
Replacing 200 steam traps to improve efficiency of steam heat system.  Reduces heat loss and condensate loss.  (Bldgs 200, 202, 202A, 207, 266, 227, and 211.)

T-8 retrofits
$44,000
Replaced 4340 tubes and 2170 ballasts.  Saved 67,200 kWh/yr.



SECTION 7. Solar and other Renewable Energy (RE) Technologies

Ames has no operating RE systems at this time.  The N235 solar water heating system cannot be repaired due to structural overload of the roof by the collectors.  Ames will be investigating photovoltaic street lights for use around the center. 

SECTION 8.
Procurement of Energy Efficient Goods and Products

Submittal reviews by qualified NASA engineers to insure performance and efficiency meet applicable Federal and State of California Building Code Title 24 requirements.

Ames developed procedures to assure the purchase of PC's that meet the EPA Energy Star guidelines.  These PCs operate on less energy and switch to a low power standby mode when not in use an extended time.  

SECTION 9.
New Space

Since January 1, 1993 Ames adopted the Sate of California Title 24 Building Energy Efficiency Standards for 

designs of both new and existing buildings.  Facilities Engineering has established procedures for review of  new  buildings  to ensure that energy efficiency is a primary design requirement, and that where applicable, the Ames FMCS is utilized for monitoring and control of the HVAC system.

Title 24 exceeds the federal standards for energy conservation, however the understanding of the state standards by Ames engineers and area design firms makes this the better choice.  

SECTION 10. Performance Evaluations

Progress in the Ames Energy Program is part of the performance evaluation of the Energy manager and the Plant Engineering Branch chief.

SECTION 11. Incentive Awards

Ames Employee Suggestion Program (ESP) rewards employees that submit innovative ideas on saving energy and water.  All energy and water saving suggestions are reviewed by the Energy Manager.

SECTION 12. Procurement of Alternative Fueled Vehicles
NASA Headquarters has established a five year (FYs 1993 through 1997) plan for procurement of alternative fueled vehicles (AFVs) for the agency.  

Ames acquired 1 Flexible-fuel vehicle in FY96.
APPENDIX A

MISSION VARIABLE FACILITIES AT ARC MOFFETT
The Center reviews their list of designated buildings annually.

The following buildings at ARC have been designated as Mission Variable:

BLDG
TITLE
GSF
NRG CAT.

202A
COMPUTATIONAL FLUIDS
10,094
MV

204A
VERTICAL GUN
6,314
MV

205
3.5 MODEL BLDG
2,517
MV

206
12 FT WT
17,279
MV

206A
12 WT AUX
11,996
MV

207A
PSCL
3,000
MV

209
BALLISTIC RANG
1,740
MV

211
HANGER
153,796
MV

212
MODEL SHOP
15,380
MV

215
7X10 WT #1
15,571
MV

216
7X10 WT #2
5,599
MV

216A
MODEL PREP
3,769
MV

216B
MODEL ASSMB
4,971
MV

217
MAG CAL LAB
846
MV

217A
MAG TEST LAB
2,158
MV

218
14 TWT
38,244
MV

218A
14FT ELECT
5,392
MV

218B
FAN BLADE SHOP
340
MV

220
TECH SERVCS
37,888
MV

221
40X80 WT
150,906
MV

221A
20G CENTRIF
5,554
MV

221B
80X120 WT
17,178
MV

222
2X2 TWT
3,295
MV

225
ELECT SUB 
25,176
MV

225B
ELECT SUB NORTH
67,687
MV

226
6X6 SWT
33,383
MV

227
UNITARY PWT OFFICE
48,735
MV

227A
11FT TWT
19,960
MV

227B
9X7 SWT
19,820
MV

227C
8X7 SWT
13,800
MV

227D
UNITARY PWT AUX
12,110
MV

229
3.5 WT
46,426
MV

229A
3.5 WT AUX
23,926
MV

229B
3.5 WT STORAGE
4,847
MV

231
FLUID DYNAMICS
7,398
MV

233
CNRTL COMPUTER
52,268
MV

233A
ADV COMPUTER
34,234
MV

234
THRML PROTECTN
24,667
MV

234A
THRML P BOILER
2,215
MV

236
BIOSCI LABS/A,B,C,D
38,320
MV

237
HYPERV FLT
60,384
MV

APPENDIX A, MISSION VARIABLE FACILITIES AT ARC MOFFETT
238
ARC JET
17,030
MV

239
LIFE SCI LAB
125,876
MV

239A
LIFE SCI EQU
30,135
MV

240/240A
AIR MIS/LIFE SCI
41,376
MV

242
VESTIBULAR RES
27,794
MV

243
VERT. MOTION SIM.
131,568
MV

243A
VMS EQUIP
9,900
MV

244
SPACE PROJECTS
81,626
MV

245
SPACE SCI
76,200
MV

246
MODEL CONSTR
36,455
MV

248
AIRCRFT SRV
30,573
MV

248A
AIRCRFT SRV
4,010
MV

248B
AIRCRFT SRV
3,000
MV

248C
RSRA CAL
2,647
MV

248D
AIRCRFT SRV
4,000
MV

249
OUT. AERO RES. FAC.
1,238
MV

250/250A
COMPR BLDG
3,113
MV

252
PROPANE FAC
7,911
MV

254
P. S. COMM NET.
1,967
MV

256
FLIGHT DATA
4,274
MV

256A
FLIGHT DATA
2,950
MV

257
MAN VEH. SYS. RES. FAC.
14,828
MV

258
NUM. AERO. SIM
90,500
MV

259
U2 SUPPORT
5,800
MV

260
FLUID MECH
21,336
MV

261
BIOMED RES
14,224
MV

262
HUMAN PERFORM. RES. LAB
45,685
MV

265
HAZARD MATERIAL STOR.
1,200
MV

269
AUTOMATION SCI
37,460
MV

APPENDIX B

ENERGY SAVINGS PERFORMANCE CONTRACTS (ESPC)

Ames has not ESP contracts at this time.  The potential for the procurement of an ESPC contract for energy conservation is under review. Ames personnel have attended the DOE FEMP training for ESPC in Federal Installations.  Lighting systems seems to be the most promising area for consideration.  Ames will consider using the DOE Super ESPC for obtaining energy projects that cannot be funded by other means.

APPENDIX C

TRAINING

The energy manager attended training in energy auditing, and Energy Saving Performance Contracting.
APPENDIX D

Environmental Benefits

The commute alternatives program is effective in reducing traffic congestion on the highways during peak commute hours, reduces the amount of fuel that would be used if all of these employees drove to work alone, and reduces air pollution resulting from cold starts during peak hours.  
The Commute Alternatives Program was implemented in April 1992 to reduce the number of  single occupant vehicles entering the Center. This program is required by the following:




•
Federal Clean Air Act




•
California Clean Air Act

Although Ames is only required by law to provide incentive programs for Ames civil service employees, the commute alternatives program serves approximately 4,500 civil service and contractor employees. 

Accomplishments

· Carpool Program

Number of employees carpooling is as follows:




Civil Service

210




On-Site Contractors    156 







366

A banner is displayed near the Main Gate every week informing the Center that ''Thursday Is Carpool/Rideshare Day". This helps keep our employees aware of the message of the Commute Alternatives Program.

A home zip-code matching database of our employees has been developed and implemented.  The database lists employees home zip-code and office telephone number.  Any employee requesting information for potential carpool partners can be provided with information of employees living in that particular zip-code.   Monthly lunch time meetings are held to sign-up new employees and for employee networking. 

· Bicycle Program

Bike path on PG&E substation for access to bike commuters using Steven's Creek is completed.  The path was dedicated on May 8, 1996 by Mr. Bill Dean, Deputy Center Director.  Liability insurance has been obtained by NASA for PG&E.

· Shuttle Service

Shuttle service to and from the Mountain View Caltrain station and the Lockheed bus terminal was implemented on October 29, 1993. The Center provides two shuttle buses and two drivers. The shuttle makes nine runs to the Caltrain station during the morning and afternoon commute period.  The new larger shuttle bus was placed in service during May 1996 and ridership has increased by 29% from a monthly ridership of 2400 to 3100 employees over the last couple of months.

· Center's Trip Reduction Program

On receiving information regarding high smog level from the BAAQMD, Ames is responsible for alerting the Center staff. This is achieved  by displaying a banner near the Main Gate and by sending a message to the Director's Bulletin.  This leads to a message being sent to all employees through electronic mail. The information is also made available on the ACAP homepage on the World Wide Web.

The Center was chosen to participate in a pilot program to increase awareness of the ‘Spare the Air’ Program. 

On-site transit ticket sales was established in October 1991. The Commute Alternatives Office administers the sale of transit tickets for all civil service and contractor employees.  Transit subsidy program was implemented in October 1992.  Civil service employees now receive a $30 discount when they buy their monthly transit pass.  Currently  77 civil service employees, (an increase of 15% from 1995) and 64 contractor employees are participating in this program.

· Internal & External Public Relations

One of  the achievements this year has been to help set up the Ames Commute Alternatives Program (ACAP) home page on the Internet World Wide Web.  This is one of the first commute homepages put up by a major employer in the San Francisco Bay Area.  Ames was invited to give a talk in San Francisco to help commute program managers from other major companies set up their own homepage on the Internet World Wide Web.  The NASA ACAP homepage not only provides Center employees information about commuting to and from the Center, but also links the ACAP homepage to the Bay Area Air Quality Management District’s (BAAQMD) ‘Spare the Air’ homepage and  the Bay Area RIDES commute program, allowing weather and commute information to other destinations.  The homepage has made this available to other NASA Centers around the US.  By providing this information on the Internet,  Ames is able to promote the Commute Alternatives Program through one of the most effective media channels of this day and age.

The ACAP participated in the Annual Earth Day Fair by displaying information on the commute alternative services available at our Center.  Ames invited RIDES who brought their COMMUTEMOBILE a 37 feet long information and educational center on wheels.  Over 500 employees visited the display for information and prizes.  The occasion proved to be extremely successful and generated many inquiries into transit possibilities.  Attended the ACT National Conference held from September 9 through 12, 1996.

· Awards

1.  The Center received the 1995 trophy for 'Spare the Air' campaign.  Out of 600 companies who participated in the program, NASA-Ames was selected in recognition of an outstanding program.

2.  Received Performance Award (Dec. 1995) for  managing and promoting a highly successful commute alternatives program.

3. '1996 North Bayshore Bike to Work Day Challenge,’ Ames received the winners trophy.

4. '1996 RIDES Bike to Work Day Challenge,’ Ames placed third overall in the nine county Bay Area and received an award for 'Outstanding Participation’.

5.  Participated in the Environmental Protection Agency’s ‘Way to Go!’ Awards and received a ‘Certificate of Recognition’ for outstanding contribution to the environment and community.

6.  Received Ames Honor Award for excellence in the category of Safety & Environment.

7.  Received Superior Accomplishment Award (September 1996).

FY 96/97 Projects Underway

1.  Develop Guaranteed Ride Home Program.

2.  Promote Flexiplace/Telecommute.

The Ames Environmental Conservation Committee has been established by the center Director to promote environmental awareness, and action on a center-wide basis.  Various initiatives are being addressed including training/educational programs to heighten awareness and motivate people and incentive programs to retain funds saved through energy conservation.

APPENDIX E

FY 96 Energy Management Self-Assessment Summary

1. Overall rating: Satisfactory
2.
Identification of significant lessons learned, process improvements (completed, underway, planned) and success stories that could be beneficial to share among other installations.

Ans.
Code JFP assumed responsibility for utility invoice verification.  Careful review identified mistakes in the rate applied and the consumption calculation.  The utility credited Ames $219K in FY96.  

Ames was recognized for its successful Commute Alternatives Program.  For the past three years Ames has been recognized in the top 100 companies in Santa Clara county for its Commute Alternatives Program.  The award selection looks at number of employees, the level of management support, the number of commute options offered, and the utilization of the program.

3.
Identification of any significant weaknesses/deficiencies.

Ans.
There is no management organization that communicates across the functional organizations to include all tasks and reporting necessary in energy. There is no formal auditing across organizational lines.  

4.
Significant corrective actions taken.

Ans.
Code JFP has assumed responsibility for utility invoice verification.  All site utilities are complied in a single monthly report by the contract staff to expedite verification.  

5.
Significant corrective actions to be taken (include milestones).

6.
Identification of any areas requiring assistance or action by NASA Headquarters.

Ans.  None  

7.
An overall indication of the level of vulnerability of the energy management function as measured against the following standard:

Ans.
The vulnerability of the energy management function are rated:  LOW


There is no risk likely to cause loss of life.   The existing controls minimize the loss or waste of resources,  and minimized the likelihood of the center losing the ability to perform it’s mission.

APPENDIX F

Metrics

Major Wind Tunnels:

During FY96, the wind tunnels were undergoing modifications, system integration testing, or repairs.  The Standard Test Wind Tunnel Metric was developed for the one operating tunnel, the 11 foot section of the Unitary Complex.  The Unitary complex represents the majority of WT energy used.

The efficiency improvement target for these facilities is 10% by FY2000, as measured by the NASA developed metrics.  The productivity improvements made to the 11 foot have resulted in a change in the metric of 64%.

********

BASELINE TEST USED TO CALCULATE METRIC IN THE AMES 11 by 11 foot T.W.T.

The baseline test is intended to represent a force test with up to 200 pressure measurements, conducted at both subsonic and supersonic Mach numbers.  The original baseline test was intended to measure productivity improvement only.  The specific operating pressure was not defined because pressure is a test specific perameter not subject to productivity improvement and thus remains constant in all relative productivity calculations.  For the purpose of estimating changes in energy consumption, it is suggested that a pressure of 30 in. Hg. be used because this is the midpoint of the tunnel pressure range.  

The specific Mach numbers were also not specified, however the fact that four are subsonic and two are supersonic was specified.  This was based on measurements that show the time required to complete a pitch polar at typical subsonic test Mach numbers did not vary significantly but was different from the time required to complete a pitch polar at typical supersonic test Mach numbers.  

Thus, an average value was used for the time to change angle of attack and reset test conditions at all subsonic Mach numbers and a different average was used for supersonic Mach numbers.  For the purpose of estimating changes in energy consumption resulting from changes in productivity, it is suggested that Mach numbers of 0.6, 0.8, 0.85, 0.9, 1.2 and 1.4 be used.

The power required at each test condition is tabulation below.

THREE-STAGE COMPRESSOR

ELECTRIC POWER AT 30 IN. HG.,IGV=Oo

MACH NO.


M.W.


    O.6 



38.0


    0.8



51.5


    0.85      


54.5


    0.90



57.5


    1.20



68.5


    1.40



81.0

"AVERAGE" POWER

58.5 MW

 AVERAGE SUBSONIC 

50.4 MW

 AVERAGE SUPERSONIC 

74.8 MW


Summary of Baseline Test


Install Model


Purge Tunnel


Drive start to first test condition


Complete one pitch polar (12 data points)



- Set angle and reset test conditions



- Record data



- Repeat for a total of 12 data points


Change Test Conditions (6 Mach numbers total)

- Repeat pitch polar for a total 6 Mach numbers, four subsonic and two supersonic.


Drive Stop From Last Test Condition.


Change Model Configuration (32 Configurations Total)

- Repeat - "purge tunnel, drive start,--- drive stop, change model configuration," - sequence for a total of 32 configurations. 


Remove Model


Lost time - Allocated as a constant % of occupancy time.


Inspection time - Allocated as a constant % occupancy time

The baseline test, conducted in early 1993, resulted in a total test duration of 249.0 hrs. with a drive-on time of 57.0 hrs., Subsonic drive-on time was 65%.  Supersonic drive-on time was 35%.  Thus, weighted average power level was (50.4 X .65) + (74.8 X .35) = 58.9 MW.  Energy consumed by the 1993 baseline test was 58.9MW x 57hr. = 3357.3 MW hr.

The baseline test conducted in at the end of 1994 after several productivity improvements were implemented, resulted in a total test duration of 103.4 hrs. with drive-on time of 22.2 hr.  This represents a reduction of drive-on time of 34.8 hr. or 61%.  Subsonic drive on time was 45%.  The weighted average power level was (50.4 X .55) + (74.8 X .45) = 61.4 MW.   Energy consumed by the 1994 baseline Test was (61.4 MW X 22.2 HR) = 1362.6 MW Hr. 

Thus, energy consumption and Wind Tunnel Energy Metric decreased from 3357.3 to 1362.6 mw hr. or 

1994.7 mw hr. equal to a Metric decrease of 59%.

 APPENDIX F

Metrics

All MV space at Ames will be classified as laboratory.

Metric = BBTU/1000 Sq. Ft(KSF)

FY 1990 BBTU
1031

Metric = 1031/2080 = 0.5 BBTU/KSF

FY1990 KSF

2080

FY1996 BBTU
653

Metric = 653/1809 = 0.36 BBTU/KSF

FY 1996 KSF

1809
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HISTORICAL   ENERGY  CONSUMPTION   BY FISCAL YEAR
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SITE
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1985
146134
499
227
1
2
729
15
0
0
286
302
1030
729
620
108
2211

1694

518
209
209
1.00
1.00

1986
183011
624
234
2
1
862
14
0
0
235
249
1111
862
753
109
2248

1731

518
210
207
1.00
1.01

1987
226657
773
277
1
1
1053
9
0
0
227
236
1289
1053
946
107
2268

1750

518
206
205
0.98
1.00

1988
204325
697
242
1
0
940
6
0
0
252
259
1199
940
837
103
2560

1981

579
178
203
0.85
0.88

1989
259055
884
308
1
9
1202
5
0
0
260
265
1467
1202
1080
122
2587

2006

581
210
201
1.00
1.04

1990
249149
850
288
1
3
1142
6
0
0
351
357
1499
1142
1031
111
2661

2080

581
190
199
0.91
0.96

1991
251596
858
328
0
0
1187
6
0
0
301
307
1494
1187
1024
163
2662

1975

688
237
197
1.13
1.20

1992
257158
877
300
0
0
1177
6
0
0
356
362
1539
1177
1032
145
2700

2012

688
212
195
1.01
1.09

1993
292805
999
317
2
0
1318
6
0
0
295
301
1619
1318
1171
148
2700

2012

688
215
193
1.03
1.12

1994
274753
937
295
1
0
1233
6
0
0
212
218
1451
1233
1071
162
2586

1809

777
209
191
1.00
1.10

1995
191117
652
310
1
2
965
6
0
0
212
218
1183
965
748
217
2963

1809

1155
188
189
0.90
1.00

1996
156216
533
324
1
1
859
6
1
0
212
219
1078
859
653
206
2963

1809

1155
178
186
0.85
0.96

1997



















































NOTES: 




















































> Using general building power excluding tunnel power, declared NMV bldgs, and adjustments for SVS boiler gas, N229 gas, and N258 metered elect use.



























































































































































  Oil: 100 % is MV.

























  Propane:  100% is Non MV.
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