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Credit(s) earned on completion of
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This course is registered with AIA
CES for continuing professional
education. As such, it does not
Include content that may be
deemed or construed to be an
approval or endorsement by the
AlA of any material of construction
or any method or manner of
handling, using, distributing, or
dealing in any material or product.

Questions related to specific materials, methods,
and services will be addressed at the conclusion
of this presentation.
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Copyright Materials

This presentation is protected by US and International Copyright laws.
Reproduction, distribution, display and use of the presentation without written
permission of the speaker is prohibited.
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Course
Description

This presentation will explore how commissioning strategies meet real world
challenges. Learn about the good, the bad and the ugly of a recent project at the HP
headquarters building in Palo Alto, CA.

This project involved commissioning select equipment serving over 490,000 square
feet of conditioned office space in an expedited timeframe of 5 weeks. The results
were improved system performance and identification over 300,000 kWh/year and

20,000 Therms/year in potential energy savings from diagnosis and remediation of
Inaccurate sensors, mechanical failures, and controls issues.
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Learning
Objectives

At the end of the this course, participants will be able to:

1. Tailor common commissioning practices and strategies to meet
real world challenges.

2. Understand how commissioning strategies can be used to
enhance system performance and increase energy efficiency.

3. Learn to diagnose inaccurate sensors, mechanical failures and
controls issues.

4. Understand the steps necessary to remedy building performance
shortcomings stemming from faulty building sensors, mechanical
systems and controls.
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HP Building 20

Key Building Characteristics:
»  Approximately 490,000 SF over 4 levels (A, B, C and D).

» A37,700 SF, annex was added in 2013, the Executive Briefing Center
and new front lobby for the Headquarter Building.

» Key Systems included: (23) Air Handling Units, (1) AC Unit, (3) Chillers,
(2) Cooling Towers, and (4) Boilers.

» Primary Function is office space and showcase for executive customers.




HP Building 20

Annex:
Executive
Briefing Center

Source: Image taken from Google Earth, March 2015
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Goals for the Existing Building Commissioning at B20

Project Goal Challenges:
» Complete all assessment, investigation and implement Work Within the
approved corrective actions by April 30, 2014. Customer’s

Expedited Timeline
»  Support the target of reducing GHG emissions to 20 percent

below 2005 levels. (Energy use accounts for 98 percent of the Support
greenhouse gas (GHG) emissions generated by operations at Sustainability
HP.) Target

» ldentify corrective actions and measures through the project. )
Find and Achieve

> Achieve a simple payback of 2.5 years for the overall project Energy Savings
through energy improvement measures executed during the
project.

Document
» Review and document HVAC systems performance Performance
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Challenge No. 1:
Time is not on our side

AP
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Project Development Timeline

b dm > i & > i & j‘>

July
2013 : 2013 : 2014 :
Final Scope and

Initial Conversation A Budgetary Proposal is
about Commissioning Requested and Provided Proposal Provided

fg' . g Project
2314 Completion
| Deadline
5 Weeks to
Complete

ALEEDS
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Project is Bornl
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Scope of Work for 5 Week Duration jf‘, by
» Verify (79) Critical HVYAC Control Sensors ““ ‘f 4 ';& |
» Repair/Replace Faulty Sensors as found in Investigation
»  Verify Current SOQO’s with Existing Controls Programming i-a_ >eee
» Confirm Current Facility Requirements S—
» Functionally Test Major HVAC Systems
» Investigate a Representative Sample (20%) of VAV boxes
» Recommend Corrective Actions and Measures for Found Issues
» Execute Approved Corrective Actions and Measures
HP Bldg 20 - Project Schedule
March April May

Primary Work Tasks & Integration
w1 W2 oWa D W w1 WZ P W3 Wi w1 W2 W3 Wi

B20 Existing Building Commissioning Process Kick-Off
Establish Communication Plan, Weekly Meeting Structure and Cx Plan

Gather trend data and equipment information 4
Sensor Verification, Pre-Functional Test Review, VAV Box Testing
Document Current SO0 and Current Facility Requirements

Functional Performance Testing and Issue Review L ]
Execution of Corrective Actions and Measures

Final System Performance Verification
Report Submital - Substantial Completion ALY
©

Report Submittal - Final with Comments ||||||||||||||” év =
; %_ N
703
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Plan the Process

Key Take Aways:

|dentify and address all resource needs

|dentify critical path tasks and potential risks

Obtain early commitment of other involved parties
Be clear and direct in communication

Set up a workflow that has a bias to action

Gather you data and information as early as possible

YV V.V VYV V V

HP Bldg 20 - Project Schedule

March April May
WP W2 P WT P Wd ] WT o WE D WS W] W W2 W W

Primary Work Tasks & Integration

B20 Existing Building Commissioning Process Kick-Off
Establish Communication Plan, Weekly Meeting Structure and Cx Plan

Gather trend data and equipment information 4
Sensor Verification, Pre-Functional Test Review, VAV Box Testing
Document Current SO0 and Current Facility Requirements

Functional Performance Testing and Issue Review L ]
Execution of Corrective Actions and Measures
Final System Performance Verification

Report Submital - Substantial Completion &“chlf/o

Report Submittal - Final with Comments ||||||||||||||” év =
%_ N
\%0,7
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Project Budget Breakdown

» Approximately 62% of the project budget was allocated to the
Commissioning Activities of Planning, Assessment, Investigation and
Verification.

» The remaining 38% was set aside for the implementation budget, to
perform low cost corrective actions and measures.

» Low cost corrective actions and measure included replacing faulty
sensors, VAV box zone controllers, minor repair to mechanical devices
(i.e. dampers and linkages).

Assessment and

Investigation
Implementation

ALY
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Communication and Collaboration

»  Stipulated in the proposal that access would

be readily available. @Q%
» Weekly Status Meetings were established Q

with the focus of making decisions at the
meetings.

> A communication document was created
early on and roles/ responsibilities were
discussed.

» Parties involved in the process:

Commissioning Agent

Site Manager

Chief Building Engineer

Corporate Real Estate Project Manager

Facility Management Company Representative

Corporate Sr. Mechanical Engineer

Sr. Controls Technician (dedicated for duration of project)

Calibration Services Team RYIN
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Bias towards Action

Corrective @QQ;%Q

ISsue .
ldentified Decision Action EMB

Site
Manager

Project Team and

Chief Bld Sr. Controls -

Cx Aaent ‘ : o Meeting Structure

Engineer created to support a
Fast Track Workflow

Real Estate
PM

Informed Advisors:
Facility Management Company Representative

Corporate Sr. Mechanical Engineer

ALEEDS
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Fast Track Workflow

/ Corrective ’ Issue \

Identified

’ "‘7"\:/, ; :
g I \< > < W G
Implementation W! i\i

|nV€St|Qat|qn (Implement changes,
(In-depth analysis of verify performance)
Recommend

CCMs, FPTs)
Weekly Status "5 rective

Remediation
- \
Decision
Made

Hand-Off
(Reports/Training)

Assessment
(Plan, Trend data,
identify CCAs, CCM i ifi
identify s s) Action Verified
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Challenge No. 2:
Reduce GHG Emissions
through Energy Savings

Transmission and Distribution
Losses from

s (|
B rehased Purchased El ectr‘lc_:ity

Electricity » L
, Business Travel (8.0 .~
5 oo
f 1 ;,< - L »
Purchased o  Employee

Heating/Cooling o 7 Commuting

On-site Landfills &
Wastewater Treatment

Contracted Solid

Waste Disposal
Contracted Wastewater
= Treatment
: Fugitive ‘
Emissions | \ Others*
|
SCOPE 1: SCOPE 2: SCOPE 3:
Greenhouse gas emissions Greenhouse gas emissions Greenhouse gas emissions from uc
from sources that are owned or resulting from the generation of sources not owned or directly < '4/‘/
controlled by a Federal agency. electricity, heat, or steam controlled by a Federal agency é’ o
purchased by a Federal agency. but related to agency activities, -~ Z
=
=3
-

>
*Additional, significant Scope 3 emission sources exist beyond the examples provided ‘/4/0 9 »
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Energy Profile of Building 20

Building Energy Performance Scorecard Hewlett Packard Palo Alto B20: Electricity Profile (KkWh/Day Normalized)
= 30,000 160
Your Energy Use Intensity + 70 kBtu/SF-Yr g Last 24 Montflssnowa ] | 140
Market Average EUI 81 kBtu/SF-Yr T 25.000 general rfend*?g S?Efgy
- increase of 20% | L1290 =
S 2
Elect: Energy Rate = $0.100  $/kWh g 20,000 10 8
Gas: Energy Rate 4 $1.25 $/Therm 2 %
S 15,000 ~80 O
Elect: Peak to Base 4} 44% Ratio ‘§ e =
Gas: Peak to Base { 14% Ratio I% 10,000 g
S ]
Elect: Weather Correlation 4 0.191 R2 Value § 5,000 L 20
Gas: Weather Correlation = 0.562 R2 Value Zs
0 -0
- :\'\«'\;\'\{LQ{VW’L»{L(b;\'bﬂ"bﬂ'«%\’h-&«'h'5-{5'5»{5{5’5“-’»(50
Peak Electricity Month (kWh) Jul-13 Month-Year @aod‘ @@- S ?9 \x@;\ &sf\\-\ & & # & I’ "'fdiﬁéo Y‘?\@s& )\, é‘P adé &
Peak Demand Month (kW)  Nov-12  Month-Year a@- 0&& gb & ‘?’p 6: é, ;’b e Qc,éo
& "ﬂ
Peak Gas Month (Gas) Feb-13 Month-Year i Elect Consumption (KWh/day) i Est. Baseload (kWh/day) =— CDD (Montly)
Siemens Energy Services (Nor-Cal Area Team, MH 06/28/13)
Hewlett Packard Palo Alto B20: Energy 200 Hewlett Packard Palo Alto B20:Nat. Gas Profile (Therms/Day Normalized) »
End Use Profile (kBtu) ’
A\
- 1,000 500
Misc Prime focus area N\
for Siemens
400

Commissioning 800

600 300

200

400

- 100

200

,\'\,\'\,\'\.\\.(1,,\"[-.&',@p'\"l«\"l"f{'lr:&_:@_v\’lv’rﬂr’v@"\"-"'@{"-@j{b'g"e’

]
L L L ‘@n@%‘g S ‘%‘3’% @6‘@ &S fg’?‘* o @\» g
6& <

Lighting
18%

*Estimatedfrom CEUS 2006 data
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Focused Investigation | /)

» Given the Fast Track nature of the project where do we start?

What systems have the largest impact on energy consumption? \/\

What systems or areas are most prone to failure?

YV YV V

What devices drive the systems?

Follow the Money...eh..Energy!

‘ﬁiﬁii‘
(23) Air Handling Units

(3) Chillers Outside Air Dampers

2421; ggﬁ)g?sg Towers Critical Sensors
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Sensors: Critical Point of Failure

» This outside air sensor, located in an
alcove is the reference for (14) of the
(23) air handling units in the building.

» This sensors was found to 6 degrees
off from the calibrate reference
reading.

Reference

AHU
Pre-Heat SV
Enable z

Economizer Chiller Boiler
Enable Enable Enable

=

703 k’
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Sensors: (Dasttpuitb&rifyWerify

> This was a new combination sensor was used in the annex area.

(Installed in 2013)
» This sensors was found to 4 degrees off from the calibrated reference reading.
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Chiller Lead/Lag Staging

The Building Chief commented that the CH-1
stays on when switching over to CH-2 or CH-3

The Chiller Capacities: CH-1: 450-Ton,
CH-2: 600-Ton, and CH-3: 800-Ton

>
>

Tons Frequency
40 237

80 7920

120 11587

160 4985
200 3156
240 2033
280 1639
320 1476
360 1112
400 1060
440 996
480 392
520 440
560 309
600 94
640 45
680 8
720 4
760 3
800 0
More 0

Frequency

14000 -

12000

10000 -

8000

6000

4000

2000

Historic Chiller Loads (2013-2014)

CH-1 CH-2 or CH-3

Building Load (Tons)
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Broken Damper Linkage

» This broken linkage was on the air handling unit serving an executive area.
»  First clue was inspecting the fan room and seeing the VFD at full speed.

» This area cannot be readily access and therefore this issue went
undiscovered for a period of time.
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Challenge No. 3:
Document System
Performance

3 e
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Key Documentation Tasks

YV V VYV V

Specific HVAC Equipment

Y

Issues Log

Utility Data Analysis (Performance Baseline)
Current Facility Requirements (CFR)
Current Sequence of Operations (SOO)

Functional Performance Test (FPT) of

» Recommended Commissioning Corrective
Action and Measures (CCA/CCM)

(Assessment\

Phase

Utility Data
Analysis

Current
Facility

Requirements

(Investigation\

Phase

Sequences of
Operations

Functional
Perf. Tests

/II
&

" o
*

Cross-Phase
Documents

Issues Log

CCA/CCM

Y am s e s Ewm o omm os

*
" e o

/7

Accelerated Strategic Planning and
EBCx Pilot
Weeklv Status Meetina Minutes

Kick-off Agenda
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00992
00994
00994
00s88s
01000
01005
01094
01096
01033
01100
01110
01120
01130
01140
01134
01196
01188
01200
01210
01220
01244
01246
01248
01250
01260
01270
01280
01285
01230
01292
01294
01234
01233
01300
01310
01320
01330
01340
01380

n12a2

Determining Current Sequence of Operations

Turn This...
(Raw BAS Code)

c

c - SET UF THE NAME OF THE MECHANICAL SYSTEM-------
C  BEFLACE WITH MECHANICAL SYSTEM.

C

DEFINE (%, "B20.RHU-1.")
DEFINE (¥, "HP.B20AnK. RHI-")
*B20.PXCCO1.BATTERY™ = $BATT

LOCAL (MADEMF, COOLON, COLOFT, MADRCT , MADCTL, MATCTL, MAD, MOAD, ECONDE, SEFRME, RNFRME)
LOCAL (BMTEG, RMTIG)

LOCAL (BSPEG, BSPIG, BSP100,BSS100)

LOCAL {OCFPG, OCFIG, OCFL0, OCS10, MAM)

"B20.AHT-1.5M0KE" = "B20.1HU-1.550"

SRMPLE(S) IF("%Y%l.5F.VFD:RUN.STOF CMD" .EQ. ON) THEN "sMADRME" = "sMADRME" + 5 ELSE SET(0.0,"sM
SAMPLE(5) IF("%Y$1.5F.VFD:RUN.5TOF CMD" .EQ. ON) THEN “s5PFRME" = “&5PFRME" + 5 EL5SE 3ET(0.0,"%3
SRMPLE(S) IF("%Y$l.RF.VFD:RUN.STOF CMD" .EQ. ON) THEN "sRNFRME" = "sBNFRME" + 5 ELSE SET({0.0,"3R
C

c - CALCULATE AIR VOLUME FROM VELOCITY PRESSURE ZND DUCT ARER---—-—---
¢

"B20.AHU-1.0CF" = ("B20.AHU-1.0A.VE"™) * 4.37

C

C CALCULATE KW LOADING OF THE FANS
"HP.B20AnK.LHU-1.5F.KW" = ("$Y:l.SF.VFD:CURRENT™ * "$Y$1.5F.VFD:0UTEUT VOLI")/1000
"HE.B20AnK.2HU-1.RF.EW" = ("$¥$l.RF.VFD:CURRENT" * "$Y31.RF.VFD:0UTPUT VOLI")/1000
C 35 x 18 / 144 4.37 2.91 x 1.5 4.37 was 25

[ SETUP THE BANGES FOR THE CONTROL VALVES & DRMPERS-------

C  REPLACE 272CLS ND 2220BN WITH THE MINIMIM

C  AND MAXIMUM SIGNALS FOR THE DEVICES.

c

TABLE {"B20.AHU-1.CCO", "B20. AHU-1.CCV", 0,0,100,100)

TABLE {"B20.AHU-1.HCO™, "B20. AHU-1.HCV", 0,0,100,100)

TABLE {"B20.AHU-1.MAQ", "B20. AHU-1.MAD", 0,0,100,100)

TABLE {"B20.AHT-1.5V0", "§¥%1. 7. VFD: INEUT REF 1,0,0,100,80)

TABLE ("B20.AHU-1.EVO™, "$Y%1.RF.VFD: INFUT REF 17,0,0,100,100)

c

~

...Into This

Air Handling Unit Sequence of Operations
The following sequence of operations was proposed, reviewed and installed as part of the Siemens
EECx Pilot Project at B20. (as of 06/03/14)

This sequence applies to: B20 EBC AHU-1

Occupied Mode:
‘When system is in occupied mode, turn on the supply and return/exhaust fans.

Unoccupied Mode:

‘When the system is unoccupied mode the fellowing shall gccur. The supply and return/exhaust fans
shall turn off, the mixed air damper shall open to 100%, the outside air damper shall close to 0%,
and the cooling and heating controls valve shall close to 0%.

Economizer Mode:

Decision Logic:

Svstem shall switch over 1o Economizer Mode if the outside air temperature drops below the return
air temperature. When the ocurside air temperature rises above the return air temperature + 2°F
then Economizer Mode shall be turned OFF.

Economizer Mode ON:
‘When in Economizer Mode, the mixed air damper shall modulaie so that the mixed air temperature
sef point is maintained.

Economizer Mode OFF:
‘When Economizer Mode is OFF, the mixed air damper shall be commanded to minimum damper
position.

Temperamre Control:

Cooling Contrel Valve Logic:

As the supply air temperature loopout value varies between 55 and 100, the coeling contrel valve
shall modulate between 0% and 100% open.

Heating Control Valve Logic:
As the supply air temperature loopout value varies between 45 and 0, the heating control valve shall
modulate between 0% and 100% open.

Deadband:
‘When the supply air temperature looput value varies between 45 and 55, both the cooling and
heating control valves shall be closed.

Logic Table:
SAT Loopout | CCV (% Open) | HCV (% Open)
100 100 0
55 0 0
45 0 0
] 1] 100
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Rinse and Repeat

» Even though there were (23) individual air handling units in
the building there were only (5) unique applications.

» Therefore once the functional test form was optimized on
one air handling unit it could be used on all others with the
same application.

1 VAV AHU Performance Test

4 EquipmentTag AH-01 (Level A)
d Testing Date 04N1714-041814

;] Technician Name Dunn Rosete

General Notes

Task Procedure Results/Relevant Data
Calibration Notes

Veri sithin calibration interval

Current Calibration/Verification Date: Verifiedas of 03/128/2014

Verify the associated system trends

Trend Verification Verifythe following points have been trended:
Description Point Name Description Point Name
CCvV B20A.AHDT.CQV SATSTPT  [B20A.AHO1.SAT.STPT
CFMDIFF |B20A.AHO1.CFM.DIFF SACFM B20A.AHOD1.5CF
D55 B20A.AHO1.D5S HWSTPT  |B20A.AHO1.SHW.STPT
ECM B20A.AHO1.ECM HWTEMP |B20A.AHO1.SHW.TEMP
HCWV B20A.AHO1.HCOV HWW BZ0A.AHOD1.SHWV
MAD B20A.AHO1.MAD SSP B20A.AHO1.55P
MAT B20A.AHOT.MAT SSPSTPT  [B20A.AHO1.55P.STPT
MAT STPT [B20A.AHOT.MAT.STPT SYS B2Z0A.AHD1.5YS
MOAD B20A.AHO1.MOAD RF FREQ B2Z0A_AHO1.ATE.RF:FREQOUTPUT
RAT B20A.AHO1.RAT SFFREQ B20A_AHO1.ATE.SF:FREQ OUTPUT
RACFM  |[B20A.AHOT.RCF OAT B20A.AHO1.MOAT U 04
B20A.AHO1.5AT %‘c ’,
s Z
. , =
1 schedule Verify the current operating schedule g/

\/"'03 ?’

Confirmation 1. Reviewthe AHUSTATUS pointand

This unitis require torun continuously.
confirmthat the system schedules off ;

Par dicriccinn with tha Buildina Enninaar
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Challenge No. 4:
Utility Cost Savings
(Achieve 2.5 Yr SPB)
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Anticipated Energy Savings

Based on the building’s energy profile and documented consumption
over the last 24 months it was conservatively estimated that the
corrective actions and measures would save...

420,000 kWh/yr and 11,000 Therms/yr which equates to
approximately $52,000/year.

Hewlett Packard Palo Alto B20:Nat. Gas Profile (Therms/Day Normalized)
1,200 600

/\

1,000 7\ 500

/ 400

800

600 Hewlett Packard Palo Alto B20: Electricity Profile (kWh/Day Normalized)
= 30,000 160
400 g
é - 140
= 25,000
200 = F120 6
§ 20,000 E
E I 100 @
2 E
0 o <}
8 15,000 - g0 O
-
& z 2
2 - B0 =
gzé@@ % 10,000 8
[
m L4 =
i Gas Consumption (Therms/day) o
& 5000
= - 20
E
o L
el 0 0 ‘t“ U 04/.
'\" \" \'\ N g 'O"dq' ('f*v{" '3'4;'{1' NN :{'lw e ;\’5 > *{5*\'5 N _*,'{5 20 0D & %
O SR O & ¥ &
e@ S § @&'D & ?Sf‘\\b S 30 & @@@@ ~0° 55:;0 & ?S?'\\x\ F 3\‘-' & @o@e@@ &
f s* e&
co@Q 49 D
m Elect Consumption (kWh/day) mm Est. Baseload (kWh/day) —CDD (Montly) /70 9
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Hewlett Packard Palo Alto B20: Energy
End Use Profile (kBtu)

Sources of Savings
Air Handling Unit Schedule Optimization

Misc
6%

Prime focus area
for Siemens
Commissioning

Economizer Repairs

Replacing Inaccurate, Mis-located or Faulty Sensors
Chiller Staging Optimization

Air Handling Unit Pre-Heat Lockout Adjustment
After Hours Space Temperature Setback

Lighting
18%

YV V.V VYV V V V

Supply Air Temperature Reset

*Estimated from CEUS 2006 data

Energy Impacting Commissioning Corrective Actions/Measures

Energy Impacting CCA/CCMs:

Electricity
Savings
(kWh/yr)

Natural Gas
Savings
(Thermsjyr)

Elect. Cost
Savings

($1yr)

Nat. Gas
Cost
Savings

(Thermsjyr)

Energy Cost

Savings

($1yr)

Schedule Optimization 59,659 7.510 $5,709.35 $7,833.33 $13,542.68

Supply Air Temperature Reset 75,244 3,585 $7,200.84 $3,738.78 | $10,939.62

Chiller Staging Optimization 31,425 $3,007.37 $3,007.37

AH-05 (B Level) Economizer Repair 43,114 $4,126.02 $4,126.02

AH-04 (EBC) Economizer Repair 2,819 $269.82 $269.82

AH-12 (D Level) Economizer Repair 5,005 1,027 $479.02 $1,071.07 $1,550.09

After hours Schedule Setback 57,936 5,958 $5,544.47 $6,213.90 | $11,758.38

QAT sensor repair (B20_0AT) 26,036 3,232 $2,491.65 $3,370.97 $5,862.62

OAT sensor repair (B20.AHU-1.0AT) 73 97 -$6.97 $101.34 $94.37

Static Pressure Reset 30,728 1,783 $2,940.70 $1,860.02 $4,800.72

HW Pump Lockout Adjustment 4,594 $439.62 $439.62 g‘“ ! 04’/0
= 2

Totals 336,488 PERL Y $ 32,202 $ 24,189 $ 56,391 Z

A

4’03
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» Allitems in the Scope of Work were able to be completed J*

> Year over Year energy consumption (As of Dec 2014) 7.” ﬂ;‘[\ \\
was reduced by over 940,000 kwh and 17,000 resulting R
in over $96,000/yr in savings

Results

(79) Sensors were verified, (21) sensors were replaced
(4) Failed VAV Box Controllers were replaced

(2) Outside air damper linkages were repaired

(1) Critical Outside Air Temperature Sensor was relocated

YV V.V VYV V

The following corrective/optimization measures or actions were
taken:

AHU Schedule Optimization

Supply air temperature reset for select AHU’s

After hours scheduled setback for select AHU'’s

Pre-heat lockout adjustment

Economizer controls were optimized for the AHU’s

Chiller Staging was adjusted

» All systems reviewed (AHU'’s, CH'’s, CT’s, and Boilers) had their
Sequence of Operations documented.

ALEEDS
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Key Take Aways

»  Firm commitments up front to the process and objective by | '
all involved parties. |

» Spending extra time planning saves time in the long run.
On a fast track project you will probably not have time to
make major planning adjustments.

» Verify your sources of information human, electronic or
otherwise.

» Spend as much time as possible with the Building
Engineers, their knowledge is invaluable.

» Prep as much as possible offsite because once you’re on
Site it is easy to be led off course.

AALLEY
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Questions?
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This concludes The American Institute of Architects
Continuing Education Systems Course

SIEMENS

Mel Hidayat, PE, LEED AP, CEM
Operations Manager
BPS/BAU Energy Services

mel.hidayat@siemens.com
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