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Why consider RE-battery-diesel hybrid microgrids for backup power? 
 
Estimating economic savings 
 
Quantifying the resiliency gain 
 
Where will this work? 

Overview 

R e s i l i e n t  R e n ew abl e  E n e r g y M i c r og r i d s  
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R e s i l i e n t  R e n ew abl e  E n e r g y M i c r og r i d s  

Power Outages are Increasing 
The United States has 
seen an increase in the 
number of high-impact, 
high-cost natural 
disasters—seven of the 
ten costliest storms in 
U.S. history have 
occurred in the last ten 
years.  
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On-site diesel fuel supplies typically only last 
1-2 days 
 
Regulatory requirements may limit on-site 
fuel storage 
 
Diesel fuel re-supply is vulnerable 
 Disasters may damage fuel supply 
 chain or fuel may be diverted to higher 
 priority needs 

Existing Backup Power Is Insufficient In Some Cases 

R e s i l i e n t  R e n ew abl e  E n e r g y M i c r og r i d s  

Source: NREL Pix 24490 
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Source: Lawrence Berkeley National Laboratory 

Solar and Storage Costs are Falling 

R e s i l i e n t  R e n ew abl e  E n e r g y M i c r og r i d s  

Solar 

Source: Nature Energy 

Storage 
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• Reduce energy intensity by 15% year on year  
• Reduce energy costs by 25% on a unit basis 
• Reduce grid dependency by 10% 
• Optimize technical facilities and datacenters 

footprint by 20% 
 

The Cable Industry is Striving to Lower Energy Consumption, 
Cut Energy Costs, and Reduce Dependence on the Grid 

R e s i l i e n t  R e n ew abl e  E n e r g y M i c r og r i d s  
 

SCTE Energy 2020 Goals 
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Diesel generators alone provide resiliency. 
 
RE/storage/diesel hybrid microgrids provide 
resiliency + energy savings + cost savings. 

Why consider RE microgrids?  

R e s i l i e n t  R e n ew abl e  E n e r g y M i c r og r i d s  

The triple bottom line. Energy 
Savings 

Resiliency Cost 
Savings 
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Multi-use facility includes administrative 
offices, warehouse, production studio, 
technology center, customer service 
center, and hub site delivering cable 
services to surrounding community 

• Average load 150 kW, ranging from
120-250 kW; critical load 155 kW

• Annual energy use: 1400 MWh
• Annual energy cost: $250,000
• 300 kW of backup diesel generation

Case Study: Southern California Telecommunications Facility 

R e s i l i e n t  R e n ew abl e  E n e r g y M i c r og r i d s  

Utility Rate Tariff 
Fixed monthly charge $453.25/meter 
Facility demand charge $19.38/kW 
June-September Energy Charge 

($/kWh) 
Demand 
Charge ($/kW) 

Noon-6 p.m., weekdays 0.15856 15.51 
8 a.m.-noon, 6 p.m.-11 p.m., 
weekdays 0.12541 3.05 
All other hours 0.10878 0 
October-May Energy Charge 

($/kWh) 
Demand 
Charge ($/kW) 

8 a.m.-9 p.m., weekdays 0.12156 0 
All other hours 0.1131 0 
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R e s i l i e n t  R e n ew abl e  E n e r g y M i c r og r i d s  
 

Renewable Generation 
Solar PV 
Wind 
Biomass, etc. 

Energy Storage 
Batteries 
Thermal storage 
Water tanks 

Conventional Generation 
Electric Grid 
Fuel Supply 
Conventional Generators 

Dispatchable Technologies 
Heating and Cooling 
Water Treatment 

Goals
Minimize Cost 

Net Zero 
Resiliency 

Economics 
Financial Parameters 

Technology Costs 
Incentives 

Utility Costs 
Energy Charges 

Demand  Charges 
Escalation Rate 

Operations 
Optimal Dispatch 

REopt 
Energy Planning Platform 
Techno-economic Optimization 

Energy Conservation Measures 
(via Open Studio) 

Technologies  
Technology Mix 
Technology Size 

Project Economics  
CapEx, OpEx 
Net Present Value 

Modeling 
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Assumptions 

R e s i l i e n t  R e n ew abl e  E n e r g y M i c r og r i d s  

 Input Assumption 
Analysis period 25 years 
Ownership model Third-party owned 
Site discount rate 7% 
Developer discount rate 10% 
Corporate tax rate 35% 
General inflation rate 0.1%  per National Institute of Standards and Technology (NIST) 
Utility cost escalation rates 0.1%  per NIST 
Incentives 30% Federal ITC for PV and battery, 5-year MACRS depreciation,  

$0.36/kWh SGIP 
Net metering limit 1 MW 
PV capital cost $2.13/kW 
PV O&M cost (includes 1 inverter replacement) $0.02/W-year 
Battery capital cost $520/kWh plus $1000/kW 
Battery replacement cost (year 10) $200/kWh plus $200/kW 
Solar resource TMY2 solar data 
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Quantifying the Economic Benefit of Solar PV+Battery 

R e s i l i e n t  R e n ew abl e  E n e r g y M i c r og r i d s  

Solar PV Size 845 kW 

Battery Size 155 kW,  
172 kWh 

Developer Costa $2,450,000 
Annual O&M $16,900 /yr 
% Renewable Energy 91% 
Year 1 Savings $42,000 
Net Present Value $519,000  
Lifecycle Savings 18% 

a. Includes PV, BESS, and site electrical work, BEFORE incentives 
are applied. 

$0

$500

$1,000

$1,500

$2,000

$2,500

$3,000

$3,500

$4,000

$4,500

$5,000

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

De
m

an
d 

Ch
ar

ge
 S

av
in

gs
 [$

] 

Peak Part Peak Off peak Facility Demand Charges



© 2017 SCTE•ISBE and NCTA. All rights reserved.   |   scte.org • isbe.org 12 

Peak demand without solar+battery 
Peak demand with solar+battery 
 

50 kW reduction in peak 

Example Day 

R e s i l i e n t  R e n ew abl e  E n e r g y M i c r og r i d s  
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Q u a n t i f y i n g  t h e  R e s i l i e ncy B e n e f i t  o f  S o l a r +S to r ag e  
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Diesel Only

Quantifying the Resiliency Benefit of RE+Storage 
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Q u a n t i f y i n g  t h e  R e s i l i e ncy B e n e f i t  o f  S o l a r +S to r ag e  
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Quantifying the Resiliency Benefit of RE+Storage 
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Q u a n t i f y i n g  t h e  R e s i l i e ncy B e n e f i t  o f  S o l a r +S to r ag e  
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Q u a n t i f y i n g  t h e  R e s i l i e ncy B e n e f i t  o f  S o l a r +S to r ag e  
 

0
10
20
30
40
50
60
70
80
90

100

1 2 3 4 5 6

Pr
ob

ab
ili

ty
 o

f S
ur

vi
vi

ng
 O

ut
ag

e 
[%

] 

Length of Outage [Days] 

Solar+Storage+Diesel Diesel Only
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1.8-Day Net Resiliency Gain 
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Solar PV allows generator to 
turn off during daytime hours, 
extending diesel fuel supply 
 
Battery provides backup 
during transition from diesel to 
solar and during cloudy times 
 
After diesel fuel is exhausted, 
PV+battery can support 
daytime loads indefinitely  
 

R e s i l i e n t  R e n ew abl e  E n e r g y M i c r og r i d s  

How it Works 
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Grid-connected system saves $519,000 over 
project life, but provides 0 added resiliency 
 
The microgrid system saves only $104,000 
over the project life ($415,000 less), but 
provides an extra 1.8 days resilience plus 
indefinite daytime power 
 
Is an extra 1.8 days resiliency worth 
$415,000? 

The Cost of Resiliency 

R e s i l i e n t  R e n ew abl e  E n e r g y M i c r og r i d s  

Description 
Grid-

Connected Microgrid 

PV+Battery Installed Cost 
(before incentives) $2,451,000  $2,451,000  

Added Microgrid Cost $0 $415,000 

Total Installed Cost $2,451,000  $2,866,000  

Net Present Value $519,000 $104,000  

Added Resiliency (days) 0 1.8 
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At this site, integrating solar PV + battery with existing diesel generators provides $104,000 
cost savings, 91% utility energy savings, and 1.8 days added resiliency  
 
After diesel fuel supplies are exhausted, the site could continue to operate critical loads 
indefinitely during daytime hours when solar resource is sufficient using just PV+battery 
 
Business interruption cost is not included in the economic analysis, but should be considered in 
the investment decision 
 

Key Findings 

R e s i l i e n t  R e n ew abl e  E n e r g y M i c r og r i d s  
 



© 2017 SCTE•ISBE and NCTA. All rights reserved.   |   scte.org • isbe.org 20 

Sites with higher energy and demand rates (i.e California, New York, Hawaii) 
 
Sites with good solar and storage incentives (i.e. California, New Jersey, Hawaii, 
Massachusetts) 
 
Sites that place a high value on resiliency 
 
 

Where Else Will this Work? 

R e s i l i e n t  R e n ew abl e  E n e r g y M i c r og r i d s  
 

Utility rate tariff, incentives, technology costs, and solar resource drive solar PV + 
battery economic viability. 
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This document was prepared as an account of work sponsored by an agency of the United States government. Neither the 
United States government nor any agency thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any 
specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the United States government or any agency thereof. The 
views and opinions of authors expressed herein do not necessarily state or reflect those of the United States government or 
any agency thereof. 
 
The analysis is based on projections, estimates or assumptions made on a best-effort basis, based upon expectations of 
current and future conditions at the time they were developed. The analysis was prepared with information available at the time 
the analysis was conducted. Analysis results could be different if new information becomes available and is incorporated. This 
analysis is a starting point for additional research and consideration of investment options.  Other factors that can inform 
decision-making are not considered here. The analysis results are not intended to be the sole basis of investment, policy, or 
regulatory decisions.  
 
This analysis was conducted using the NREL REopt Model (http://reopt.nrel.gov). REopt is a techno-economic decision support 
model that identifies the cost-optimal set of energy technologies and dispatch strategy to meet site energy requirements at 
minimum lifecycle cost, based on physical characteristics of the site and assumptions about energy technology costs and 
electricity and fuel prices. 
 
 
 
 

An a l ys i s  D i s c l a i m er  
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Kate Anderson 
Kate.Anderson@nrel.gov 
303-384-7453 


	Resilient Renewable Energy Microgrids
	Overview
	Power Outages are Increasing
	Existing Backup Power Is Insufficient In Some Cases
	Solar and Storage Costs are Falling
	The Cable Industry is Striving to Lower Energy Consumption, Cut Energy Costs, and Reduce Dependence on the Grid
	Why consider RE microgrids?
	Case Study: Southern California Telecommunications Facility
	Modeling
	Assumptions
	Quantifying the Economic Benefit of Solar PV+Battery
	Example Day
	Quantifying the Resiliency Benefit of RE+Storage
	How it Works
	The Cost of Resiliency
	Key Findings
	Where Else Will this Work?
	Analysis Disclaimer


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /PageByPage

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.6

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.1000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo false

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages false

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 150

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages false

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages false

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects true

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)

  /PDFXOutputConditionIdentifier (CGATS TR 001)

  /PDFXOutputCondition ()

  /PDFXRegistryName (http://www.color.org)

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /PTB <>

    /SUO <>

    /SVE <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements true

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks true

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.250000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /UseName

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [720.000 540.000]

>> setpagedevice





