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CHANGE IS HAPPENING AND
THE PACE IS ACCELERATING

2005 2015

I Coal new build B New coal “dead” in U.S.

B 64 MW solar PV B 1,200 MW solar PV
I Flip-phone I iPhone 6s

B “Apps” didn’t exist I 85+ billion app downloads

B Buy software B Software as a service

.

B Personal computers I The cloud

Business is changing and different
approaches will be needed
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DRIVERS FOR MICROGRIDS

* Corporate
commitments to
sustainability

e Customer demand
for greater
renewables

* Triple bottom line [/

RELIABILITY

* Maintain critical operations
when grid is down

* Protect mission critical assets

* Maintenance of community
services

COST

SUSTAINABILITY

CERTAINTY

Cost competitive
industries seeking
competitive
advantages

Hedge against future
rate increases

Lower cost generation
for remote locations




YESTERDAY’S MICROGRID PROJECT
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Established solutions of yesterday’s microgrids .



TODAY’S MICROGRID PROJECT
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Optimizing multiple technologies requires

complex engineering and control systems .




BLACK & VEATCH MICROGRID

Micro Turbines

PV Solar

Demonstration of microgrid technologies



WHQ MICROGRID
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2X65 kw

Microturbines -.

100 kWh Battery
Energy Storage System
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MICROGRID CONTROL SYSTEM

Microgrid Controller | Siemens BAS

Data Integration/
Simulation
Server

Switchboard [ ]

Microturbine Battery Energy Storage




MICROGRID PERFORMANCE -
FIRST SIX MONTHS
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316,184 kWh generated over the first six months .




FUNCTIONALITY
DEMONSTRATED

e Bumpless transfer between island and
parallel operation

e Scheduled start / stop
e Solar generation firming
e Peak shaving

e Remote monitoring and diagnostics

Functionality demonstrated to support reliable
remote microgrids and grid connected microgrids

.



MICROGRID DASHBOARD

ASSET NAVIGATOR Summary  Diagra

BLACK & VEATCH WORLD HEADQUARTERS - RODMAN INNOVATION PAVILION

Power - kW

Produced - kW

Consumed - kW

MICROCRID/ENERCY MANACEMENT TOOL

Real time display of systrmance and
facility benefits




REMOTE ISSUES MANAGEMENT AND
MAINTENANCE MANAGEMENT

E ISSUES MANAGEMENT

BT o

Issuc Count by Resolution Status
Diagnosed

ISSUE CLASS
All

ASSET NAVIGATOR

“ Al Chents
» APS

» ATCO Power
“ pav

4 whHQ
» WHQ IS3UL STATUS.OPEN O |

Big Rivers

cPs 1019617 B&Y WHQ - Microinverter Solar Derate
Consumers £ nergy
Greal River Energy 1019736 B&Y WHQ - Monocrystalline Solar Derate
Haosier Energy

LG&E and KU Energy
Lubbock (TX)
Midamerican Energy
Minnesota Power
OPM Support

PSGC

Palmdale Water Distric
Raven Power

Total Issues:2

Sask Power

Spirit AeroSystems
WwpPsS

Demo Clients
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Asset360 used to identify and diagnose

performance issues

Hello Aaron Attebery! e

Issuc Count by Assct Issuc Impact (in thousands)
LAY Other Costs
WHQ

IMPACT STATUS RESOLUTION CREATED ASSIGNEL AGE & SCORECARD
$0.00 Open Diagnosed 7{23/15 [ Online
Maintenance
$0.00 | Open Diagnosed | 8/12/15 ' Gnline
Maintenance




ISSUE TRACKING AND MANAGEMENT

logeat

E ISSUES MANAGEMENT Hello Aaron Attebery!

o R

GENERAL INFO
WHQ

Issue Class:
BE Y WHO - Micralnvarter Solar Darate

Issue Status:

Priority: Low Resolution Status:

Category: Baline Maintenancs Created: 7/23/15 8;12 AM [Ohlhauseni@bv.com
Last Modified: 8/3/15 4:34 PM [atrcberya@bv.com)

SUMMARY DETAILS

Issue Type:

Genenc M&D

Potential Cause(s):

Short Summary =

# Electrical Fixed  [bakerbk@bv.com) Sep9, 2015 12

| The AC disconnect rework has been completed. Jared with BARTS completed the work

: last week, Installed was a new box, internals, and cable. It was determined that the leak
issue Summary | P P . .
| was coming in from the top penetration of the box. On the new box installation they
Microinverter salar array has performed poorly since located the conduit connections on the side. All possible leak points were also sealed Monthly Avg
June 4, Investigation found the "weather proof” AC ‘ with caulking, Attached is the new installation $0.00
disconnect box on the east roof penthouse was filled [
vath water enough to cover the breakers. Bart's Electric — Actions
to replace damaged components (box, breskers, —
labeling). Cost of derate estimated at $48.44 to date, or | Associated Asset
$0.82/day. ‘

|WHQ) World Headquar v

Deviation in solar generation from expected
value enabled diagnosis of root cause




LESSONS LEARNED

Ensure Vendors
Well Defined Focus Early on Understand
Design Basis Controls Custom

Requirements

Fully Understand
Building
Integration

Focus on
Integration

Effective microgrid solutions must consider the
full lifecycle of the facility

n
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