Calculation of Electrical Energy Demand vs. Peak Renewable Capacity
1. Introduction

In the past, the SWAT RTTF has proposed studying a “20% and “40%” power
flow scenario cases. There is a lot of confusion on what these stated percentages
represent. They were intended to represent the percentage of total renewable potential in
the SWAT area. This becomes somewhat confusing when one wants to compare the
power flow study assumption to the RES goals that states have. There are a number of
assumptions one would have to make to convert the percentage number to a number
comparable to an RES goal (e.g. renewable generation capacity factor, load demand
factor, ...) Therefore it is proposed that: a X% percent SWAT RTTF study will
represent the scenario in which X% of the study area energy demand is served from
renewable resources. Hopefully this will address any confusion that the SWAT RTTF
members have on what the power flow cases actually represent, as compared to state RES
goals. Using the proposed meaning of “X%” study, the formerly used 20% and 40%
power flow cases would now be refereed to (approximately) /3.5% and 25% cases.
Therefore, it might be beneficial to readdress the study percentages before power flow
study work is performed.

In anticipation of the SWAT RTTF power flow study, an elementary calculation method
is developed herein that relates a “rated” capacity output of the renewable energy zones
to a percent of demand energy served (via renewable resources). In principle, this
calculation takes the percentage (of energy served from renewable resources) that state
governments determine as their RES goals and converts it to a MW amount of renewable
resources located in associated renewable energy zones (e.g. results from the ARRTIS
work).

2. Nomenclature

E’ - annual energy served from renewable resource for zone i
E! - annual electrical system energy demand for zone i

8760 - number of hours in 1 year

CF’ - Annual capacity factor of renewable resources in zone i
LF’ - Annual demand load factor for zone i

P - Peak output from renewable resources in zone i

pPem? - Peak load demand in zone i

%! - Percent of energy demand served from renewable resources.

3. Basic Calculations

Assume that a power system is comprised of “zones” which represent areas in which
load and renewable generation exist. The amount of annual energy demand in each zone
is expressed as:

E? =8760(LF*P“"™)  MWhr | (1)



where:

P%""?is the annual peak load demand in zone i, and LFis the annual demand

load factor for zone i.
Equation (1) represents the energy demand, and the type of this energy can come from
any fuel source. The amount of energy that is served from renewable resources is
determined by
E! =8760(CF/P"™") MWhr 2)
where:
CF" 1s the annual capacity factor of renewable resources in zone i, and P is the peak

output from renewable resources in zone i.
The percent amount of energy served from renewable resources in a zone is
E/ _100(CFP™) (3)
E - LFdeemand percent 2
with the peak capacity of renewable energy served in a zone
o/r LFdeemand 4
iren — A)l ] 1 MW . ( )
IOOECE’ )
Using Equations (3,4), one can easily calculate the amount of peak renewable energy
served from one particular zone to a zone with energy demand.

%’ =100

If it is necessary to serve renewable energy from several zones to a particular load
zone, the amount of renewable energy served is the summation of the energy of each
renewable energy zones,

n n 5
Y%, E{ =Y E =8760) CF/ P ®)
i=1 i=1
where:
n is the number of renewable energy zones serving energy to the demand in zone
A.

Equation (5) gives a foundation in calculating the amount of installed renewable
generation capacity for a group of several zones that supplies power to a particular load
pocket zone. However, in order to determine the installed capacity, other criterion needs
to be determined in order to solve (5). The criteria can come from a variety of different
assumptions. For example:

e cqual amount of renewable generation in each zone

e zonal installed renewable capacity is based on the percentage amount of

the total potential of renewable resources
e financial considerations.

4. Example
Assume that there are four areas of a system that comprise of the load demand and

location of the renewable resources that serve that demand. This is illustrated in Figure
1.



N

Figure 1

Zone A has a peak demand of 20,000 MW, load factor of 0.50, with
renewable resources located within Zone A called Zone X.

Zone X has a renewable potential of 10,000 MW with adequate
transmission available to serve the load, but at an average generating
capacity factor of 0.50.

Zone Y has a renewable energy potential of 40,000 MW, with an average
generating capacity factor of 0.45, however long distance transmission
circuits are needed to bring the resources to the load in Zone A.

Zone Z is a pocket of renewable energy that is located outside of Zone A,
and can serve the load in Zone A though already existing long distance
transmission circuits. This zone has an energy potential of 30,000 MW
with a capacity factor of 0.35.

Given that the LSE in Zone A wants to have 20% percent of its energy supplied from
renewable energy resources, what is the amount of peak renewable energy needed from
Zones X, Y, and Z, for each of the following scenarios:

A. The LSE in Zone A does not want to build new transmission circuits, nor wants to
import renewable energy resources from outside the area.

In this case, Zone Y has no existing transmission circuits, and Zone Z is located
outside of Zone A. Therefore, the only renewable energy resources that Zone A
wants to serve its load exist in Zone X. Therefore, the installed capacity of the
renewable resources in Zone X needed to serve 20% of the energy in Zone A is:

vn %! LF 4 PEemand 20%0.50* 20000

% = = 4000 MW
100(CF},) 100%0.50




B. The LSE in Zone A wants to consider renewable resources from virtually
anywhere, and is able to build transmission to any renewable resource pocket
within a reasonable distance from its area.

In this case, renewable energy can be served to Zone A from Zones X, Y, and Z.
Since each of the three zones contribute renewable energy to Zone A, the

formulization of the expected generation from Zones X, Y and Z are calculated in a
different manner:

With 20 percent of energy served to come from renewable resources, the amount of
renewable resource energy served is:

020E¢ =E\ +E; +E,

(0.20)8760(LF ! Pl )= 8760(CF} P )+ 8760(CE; Py )+ 8760(CF; Py
(020)(LF{ P{ )= (CFy P )+ (CFy By )+ (CFy Py
(0.20)(0.50*20000) = 0.50P" +0.45P," +0.35P,"

2000=0.50P;" +0.45P"" +0.35P)" (6)

From Equation 6, constraints need to be made on the peak renewable energy from
each zone in order to solve equation 6. Assume the following two scenarios.

1. Equal installed capacity energy generation from each zone.

In this case, the peak renewable energy served from each zone is equal:
P/;:En — P;en — PZI'EI‘I — Pl’ei’l (7)

Substitution of equation (7) into (6)
2000 =0.50P"" +0.45P™" +0.35P™

2000 = 0.50P"" +0.45P"" +0.35P""
2000 =1.3(P™")

Therefore,
P =1538.5MW = Py = P = P,

il. Renewable energy served is based on the percentage of the total renewable
energy potential.

P (max) = Py (max) + P, (max) + P, (max)

P (max) =10000 + 40000 + 30000 = 80000 MW



PXI‘CI‘I — 10000 P"CI‘I — 0.125P}’6ﬂ
80000

P;"E}'l — 10000 Pren — O.SOPI"E}'I
80000

PZI"E}'I — MPV@H — 0‘375Pren
80000

From Equation (6)
2000 =0.50P;" +0.45P," + 0.35P,"

Equations (8-10) are now substituted into equation (6)
2000 = 0.50(0.125)P™" +0.45(0.50) P"" +0.35(0.375)P""

2000 =0.50(0.125)P™" +0.45(0.50)P™" +0.35(0.375)P™"
2000 =.41875P™"

Therefore,

P =4776 MW

P =0.125P™" =597 MW
P =0.50P™" =2388 MW
P =0375P™" =1791 MW

(8)
)
(10)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /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 true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /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 compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


