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Why CHP Should be Considered in Micro-Grid Applications

* Provides key anchor and end user benefits, (Power, heat & chilling)
 Most CHP technologies have multiple fuel capabilities

 CHP technologies can use renewable fuels

 CHP is very efficient, reducing GHG emissions

« CHP can run 24 hours or less, your choice

 CHP can integrate with Energy Storage

« CHP Systems can provide significant cost savings

« CHP can improve reliability
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Wh_at Will the Future Micro-Grid look Like?
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The Issue, What will the Future Utility Do?

Does you sﬂ&nm pany plan to develop, own and/or operate distributed generation resources, including microgrids?

Which of the following best describes your organization?

Independent/
Cooperative industrial power
producer

Investor-owned Publicly-owned
utility utility

Column % by Wtility Type

Already developed, owns, and/or

28.4% 34.0% 28.0% 32.4%
operates
Mext 5 years 0 L% 4, 3% 8.0 270%
Yes, in the next 6-10 years 5.4 0.6 0 2.7
Yes, in more than 10 years 0% 2.1% 0* 0%
Mone planned., but isa pn'55|b|l.|ty 24.3% 31.g% 44.0% 71 6%
for future discussion/planning
Mo, never 20" 4.3* 8.0* 10.8%

Source: Biack & Vagich
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HEY. . This turbine came with a GENERATOR !
S0..uh..Where do ya plug itin?
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Why Working with Utilities is a Preferred Option

* Ut

ities are in the energy business, and understand the business and its risks
* Utilities require a lower ROI than industrial companies installing CHP
® Utilities can vastly increase the number of potential opportunities

* Utilities can take advantage of all of the potential benefits

e Utilities can benefit from economies of scale

* Utilities can reduce a number of the obstacles (interconnection, standby fees,
etc.)

* Utilities have better customer contact and understanding of needs
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Let ‘s Hope DG/CHP/DE and Micro-Grids are Valued

Does your company plan to develop, own, and/or operate distributed generation resources, including microgrids?

3374
30.9%
27.7%
24 3%
16.5"
12.0%
5.2% 5.8%
3.6% 3.0%
1.2*% 0.5%
Already Mone Yas, in next Yes, in next Mo, never Yes, in more
developed, planned, 5 years 6-10 years than 10 years
owns, and/or butisa
operates possibility
for future -
discussion,/ 206 W 2017
planning

Souwrce: Block & WVeatch
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Transmission Investment is High, But is it Enough?
Historicarand Projected Transmission Investment

(Nominal Dollars)

Billion $

25 239

6
216

229 22
202 208
19.7 -
17.2 r= revised
151 Investment of investar-owned electric companies
i and stand-alone transmission companies. Actual
15 Invesiment figures were obtained from the EEI
Property & Plant Capital Investment Survey
, supplemented wi orm 1 data. Proje:
12.0 pplemented with FERC Form 1 data. Projected
investment figures were obtained from the EEI
Transmission Capital Budget & Forecast Survey
10 supplemented with data obtained from company
10-k reports and investor presentations.
Source; Edison Eledric Institute Economics,
Statistics and Industry Research Group.
5 Updated September 2017.
© 2017 by the Edison Electric Institute. All rights
reserved.

2012r  2013r  2014r 2015r 2016 2017 2018 2019 2020

Actual | L Projected |
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Renewables are Growing, but Natural Gas Is Also!

Figure 15: U.S. Capacity Additions by Fuel Type Share of Projected Capacity Additions in OECD Generating
Cumulative, 1995 - 2017 Capacity by Fuel [1999-2030)
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However, Solar and Wind are Intermittent!

Wind Power Production: 11,546 MW
Graph Updated: Oct 20, 2017 13:21 Updated: Oct 20, 2017 14:00
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Why CHP Should be Considered in Micro-Grid Applications

* Provides key anchor and end user benefits, (Power, heat & chilling)
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Thﬁe_ CHP Anchor at UCSD‘

s

R gy
g & ."s'?;_,;.’ 1

. 47 MW Peak Load

¢ 30 MW of Natural GasFiredCogeneration gy T iy o EY o T :"? Slgmflcant Operating

- Two, 13.5 MW gas turbines i
- 3 MW steam turbine Savmgs SSSS

. 5.8 MW of Renewable Generation
- 3 MW of Solar PV
- 2.8 MW of Bio-gas Fuel Cell

. 2.5 MW/5 MWhr Energy Storage
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Why CHP Should be Considered in Micro-Grid Applications

« Most CHP technologies have multiple fuel capabilities
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Gas Turbines Have Great Fuel Flexibility

.
A
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Why CHP Should be Considered in Micro-Grid Applications

« CHP technologies can use renewable fuels
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10 MWe LFG CHP Plant
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Coke Oven Gas in China

Solar Turbines Powering the Future

A Caterpillar Company

Caterpillar: Confidential Green



Hydrogen Refinery Gas in Utah
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Digester Gas In Los Angeles
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Gasified Municipal Waste in UK
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Why CHP Should be Considered in Micro-Grid Applications

« CHP is very efficient, reducing GHG emissions
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CHP as a GHG Emission Strategy

S:CHP

COMEINED HEAT AND
SEPA POWER PARTHERSHIP

[

.

N

The results generated by the CHP Emissions Calculator are intended for educational and outreach purposes only; it is not designed for use in

developing emission inventories or preparing air permit applications.

Annual EMISsions Analysis

Displaced . -
CHP System EIeEllicit',r DBDFE:E ;:;irmal Emﬁiﬂzzizue' Percent Reduction

Production
MNQx (tons/year) 59.49 97 27 53.25 91.02 B0%|
S02 (tonsfyear) 222 1656.54 0.26 164.58 999
CQO2 (metric tons/year) 112,661 104,552 57481 49,372 30%
Carbon (metric tonsfyear) 30,726 28,514 15,677 13,465 30%}
Fuel Consumption (MMBtu/year) 2,087,178 1,338,831 1,064,808 316,661 139
Acres of Forest Equivalent 13,465
Mumber of Cars Removed 8,418

Displaced Electricity Generation Profile:
Region Selected:

eGRID State Average All Sources 2014

US Average

This CHP project will reduce emissions of Carbon Dioxide (CO2) by 49,372 metric tons per year

This is equal to 13,465 metric tons of carbon equivalent (MTCE) per year

This reduction is equal to removing the carbon that
would be absorbed by 13,465 acres of forest

¥ j
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carbon emissions from 8,416 cars
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Why CHP Should be Considered in Micro-Grid Applications

* CHP can run 24 hours or less, your choice
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CHP Base Loaded or Dispatchable
ercot= %

Energy by Fuel for 2017
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Flexible Operating Profile w/ NG Fired CHP

Gas Turbine Load % Full Load 85% 70% 55% 50%
(100%)

Power Output* (MWe) 22.3 MWe 18.9 MWe 15.6 MWe 12.2 MWe 11.1 MWe
Steam Production (kLb/h) 100k pph 100k pph 100k pph 100k pph 60k pph
Efficiency (%) LHV 80.7% 80.8% 81.1% 81.7% 76.3%
Spinning Reserve (MWe)  Overfiring possible 3.4 MWe 6.7 MWe 10.1 MWe 11.2 MWe
*Solar Turbines Model Titan 250 ~ ) /

”

150 psig process steam -

—

N
74 ¢ >

“What will the value of instantaneous spinning reserve be worth??”
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Solar Turhines The ISO Wholesale Energy Market

A Caterpillar Company

PﬂWEI’iIlQ ﬂ‘lE FIItlII'B >/MWh Prices increase at

$45 dusk due to ramping
$40

535
$30

e Real time market -
- 5min 520

515

= 15 mln $10 SolakrreFiuces
peak prices
 Day ahead market

S0
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

Y4 + Ancillary services
R 2 » Congestion revenue rights (CRRs)
e ° CO nve rg e n Ce b I d d I n g Day-Ahead Average Hourly Electricity Prices at SP-15 (CAISO), May 2012

versus May 2016 Difference in electricity prices between 2012 and 2016
closely resembles the net load duck curve

A
A J

Source: SparkLibrary, based on data from CAISO
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Market is Changing Faster than Anticipated

* The duck curve is more challenging than expected
« Ramp rate is growing
« Potential for microgrid and storage to supplement

Typical Spring Day

|actual

/f ramp nee
~13,000 MW
in three hours

Actual 3-hour ramp
12,960 MW on
December 18, 2016

Re “"Net Load 11,663
Four MW on May 15,
2016
Source: Using Renewables To Operate Low-Carbon Grid: Demonstration of
Caterpillar: Confidential GreerAdvance Reliability Services from a Utility-Scale Solar PV Plant, California ISO
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Why CHP Should be Considered in Micro-Grid Applications

« CHP can integrate with Energy Storage
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Solar Turbines 1 MWh Energy Storage System

' . o B A

4
>
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Solar ® Energy Storage Product Offerlngs

* 1S1000-1 sl Tirires

Lb—1 OOOJI
SOLAR® ENERGY STORAGE

— Li-lon Storage Technology
— 1000 kW inverter

— 1 HR Duration

— 6.875 kWh/ft?

® [S3754
— Li-lon Storage Technology
— 375 kW inverter
— 4 HR Duration
— 12.25 kWh/ft?

e [S1000-4
— Li-lon Storage Technology
— 1000 kW inverter
— 4 HR Duration
— 17.55 kWh/ft?

Solar Turbines
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Why CHP Should be Considered in Micro-Grid Applications

« CHP Systems can provide significant cost savings
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Cost of Generation w/ CHP

Net Heat Rate Chargeable to Power 3910 BTU/kWh (LHV)

Natural Gas Cost S5/MMBTU

COE $0.044/kWh

Capital Cost $1,507/kW

Annual Maintenance $1,500,000/y

Steam Production $6.77/kpph

CHP Plant Assumptions 15,000 kWe

Steam Production Capability 140,000 pph (150 psig, saturated)
Chilling Capacity 4000 tons

Standby Charge $562,300/y
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Why CHP Should be Considered in Micro-Grid Applications

« CHP can improve reliability
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Reliablility is a Major Concern

Figure C-5. January 2011-August 2014 Electricity Disturbances Reported to the Department of Energy®

Reported Incidents Customer Interruption Hours (millions)
400 5,000
T
4000 ——
300 —
3,000 ——
200 —
2,000 ——
100 —
1,000 ——
0 0 |
Weather [l Component failures and/or internal causes Physical attack Cyber attack
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e S | Hope You Agree, Use CHP !

Powering the Future
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+1-858-694-6586
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