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Abstract—This paper evaluates a plan for integrating standby expenses for their owners. It is not hard to see tlesetassets
generators into distributed generation systems. The stdby are heavily underutilized in the contemporary energy marke

generators considered in the proposed plan are small gerators s paper suggests some ways to more efficiently etiliz
owned by residential and commercial consumers. Thesaits are, them

in most cases, used only in the event of utility spjy failure, for , . . .
very short periods of time, and, with very few excepbns, run In today’'s competitive energy market the race is orritigb

isolated from the grid. The proposed plan is shown tpossess down the prices, utilize resources to their maximum extent
considerable potential benefits both for the owners fothese and to maximize profits. This has resulted in very efiti
generators as well as for the utility or generating comgny. The  management on the supply side of this business. However it's
plan consists of operating these generators in parallelith the o qemand side that yet remains untapped. The market would
grid, and the potential problems of this approach are ao . . . . .
recognized. onlly improve .|f the consumers actlvel_y participateditin
Utility companies have implemented various schemesdaro
to encourage the consumer to take part in the businkey. T
offer incentives to consumers to reduce their demand at the
riods of peak prices. However this remains far from

I. INTRODUCTION

Recent experience with wholesale competition in t
electric industry has shown that there is significal Lifficient
shortage of gen.erati.ng capacity in many parts of theirs Stocking various commodities can dampen their price
A moticeable rise in the frequency of outages ha; ak?z?riations. As of today the storage of electricity fasmost
prompted a large number of consumers, both commerdial Nt been a pie in the sky causing their procuremers ¢os
residential, to acquire standby generators. It has b

. ) . . rt]y widely. Most utility companies as of today chargerthe
recognized [1] that there is .e.nough capacity ayallablm froconsumers a flat rate. However their procurement cargs
standby generators to mitigate the capacity short

. d by th . H tin th hing but flat. The procurement of electricity ypitally
experienced Dy e grid. However, except In ThOSE Tare Cageeiqy oyt through two markets namely the day ahead marke
[2] where the utility takes the initiative to enlibetservices of

£ th andb ¢ h irecheb (DAM) as well as the real time market (RT). In thAND the
some of these standby generators, they are requirede yetnergy prices for each hour of the subsequent day are
electricity code, to run in isolation from the grichélreasons

for doi stifiable: in th t o determined. In this market the prices are comparatstallyle
or doing so are Justifiable, moreover, In the past, S as well as lower than those in the real time mar®et.the
been no compelling reason to challenge these practi

Stfer hand in the RT the prices are often determined ov
However, the situation has changed. The time has com P

&nlch smaller intervals of time and price volatility is
change some of these rules. References [1] and [2] h’E%‘r’:ﬁsiderably higher than in the DAM. Various alterregiv

provided son:etargufmentskf(o S.t‘pp"]{: g;'sbnteﬁ?; this pl &le been evaluated here for the substitution of theinuers
propoTles afs rategy for ;nt?] 'n%' gtr)m aole ? or ﬁltgm t'egenerated power in the energy markets.
as well as for owners of the standoy generators, whitaeat =, plan proposed in this paper consists of utilizing

same “”?e bene_f iting the grid. In the following sectiothe customer owned standby generators for both energy and
strategy is described, the challenges are enumeratkdpare capacity and compensating their owners appropriately. The
solutions are proposed. potential revenue for both energy and capacity is eveduat
and viability of the scheme is examined.
[I. BACKGROUND AND MOTIVATION

Most parts of North America have witnessed significant |||. CHALLENGES TOPARALLEL OPERATION OFSTANDBY
growth during the present times. One of the outcomeki®f t GENERATORS

growth has been in the _mcr.efaselfmll-the use ,Of S"tandbyl'he proposed strategy requires the connection of standby
ghenerators to support %elrtafun critica fa(;]' lties. Cknn:[)hr:a Y generators to the grid. At the outset we need to ackngeled

these generators are idle for most of the time V@lor an 54 5 nymper of challenges arise from this. Theomiagues
occasional outage to occur. However in spite of thig the are as follows:

generate a continuous stream of operating and maintena@geThe most important issue is safety. A feeder that the
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(b) Protection and metering issues could arise from reverse V. EVALUATION OF THE PROPOSEDSTRATEGY

power flows in the distribution feeders. _ In this section we examine the potential revenue the
(c) Most small generators do not produce an exact sine W\ erator owner can get by making the generator avatable
and therefore introducing harmonics in the system.  he grid. At this time the cost of the interconnectionicieis
(d) The price of conventional synchronizing devices may b&g; taken into account. We will similarly examine the
few thousand dollars. This may at times be more than botential revenues from energy and capacity.

cost of the generators themselves.
A. Revenuesfrom sale of energy
We are in the process of developing highly economical Let us first examine the revenues earned by running a
synchronizing devices. These will be interfaced withenerator only while the market price of energy exceleds
communication systems that will enable the utility tmoeely fuel cost of generation by that particular generator. The
start and synchronize a generator, monitor it, and mietergenerator is assumed to be compensated at the prevailing
generated energy. This form of communication amdarket price. We will consider a sample cross sectibn
monitoring will take care of the safety issues. A lapget of generators as listed in Table I.
the power generated by standby generators will be consumed
locally, so the reverse flows and harmonics will belknwe
do not intend to say that the problem will not exist, thait
they will be more manageable.

TABLE |
TYPICAL GENERATORSCONSIDERED IN THESTUDY

. 3 sizg] FUEL | RUN [GALL[ $/kwh
Reference [2] documents an instance where a utility chpse€OMPANY TYPE || TANK | TIME | ON | @12
to connect a large standby generator to the grid. Qur (GALLON) | (Rated)| /kWh | GALLON)
experience shows that there are utilities that are opahe |ROBIN SUBARU| RGD3300 | 3| 2.06 6 | 011 014
p055|b|lt|ty o:‘t .conS|tder|ng mterl;:lonnectlons ofheve&;su:rllal ROBIN SUBARUl RGD3300N| 33 45 131 01b o012
generators. It is not unreasonable to assume thabtieevall o og, e g R RGY 4100 | 36| 4.39 7| 01y o021
be madified in the future given the potential beneaditsuch
: . JOHNDEERE | G4400K | 4 7 127 014 017
interconnection.
ROBIN SUBARU| RGD5000 | 4.5 4.23 8| 012 014
IV. DESCRIPTION OFPROPOSEDSTRATEGY HONDA EB5000XK1| 4.5 4.5 57| 01§ 021
As mentioned above these devices will be capable of [(a) HONDA | EG5000XK1j 45| 19 24 | 01§ 021
synchronizing the generator with the grid in response tgR&BIN SUBARU RGV6100 | 4.8  5.68 7| oiy 020
signal issued by the operator; (b) to switch it off whe Pga/LEERMMﬁ\'Ir . Pfe”;ggﬂop'us 5 5 55 | 018 022
required (c) record the generated energy and time of use.
. . . JOHNDEERE | G5500K | 5 7 95 015 018
Alternatively it maybe possible to automate the stad
stop signals to the device when the spot price excee g JQHNDEERE | GSS00KE| 5 ! 95 0'1_5 0.18
predetermined threshold. It is relevant to mention hiea¢ | HONDA EB6500SX| 55 45 53| 01p 019
such a device has been partly developed here in our |ab. HONDA ES6500K1| 6 4.4 46| 01p 019
Further development is currently in progress. COLEMAN _|PremumPlu} o o | ¢ 4 | 010 023
This plan calls upon the customer to install a device t et WERMATE 6500
, . HONDA EB11000 | 9.5 6.9 44| 01fF 020
will be able to interconnect the generator to the gfidis .

. . COLEMAN Industrial 10 8 35 0.23 0.27
device would be controlled automatically and remotély. | powerRMATE 10000 . . .
could be set in order to be able to start generating hen HONDA EB12DAGCSH 10 10 9 0.11] 013
SpOt price V\-IOU|d exceed a certain threshold. It's Of.impOHa ROBIN SUBARU| RGV 12000| 10 11.26 8 0.14 0.17
to pe mentioned here thgt such a proposed device has BESEIN sUBARUIRGV13000T] 10 | 11.36 871 01d o016
designed and tested here in our labs. o COLEMAN industrial | 1, N 25 | 019 o023

Many papers have proposed the utilization of standbyOWERMATE 12000 ‘ ' '

generators to address the capacity shortage in someoparts
the country [1], [2] but they involve larger standby germsat  The data shown in Table | was obtained from the websit
(50 kW or larger). This paper proposes a program that atfdhe respective companies [5], [6], [7], [8]. The datevsh
utilizes smaller generators (3-12kW range) and examines ihghe last column of Table | assumes gasoline pric& of
viability of this approach. 1.2/gallon. One can see that the generator fuel cost feomge

It should be noted that in the following evaluation weeha $0.12/gallon to $0.27/gallon.
made the assumption that the market prices would not bdn most markets the price of electricity does not edcee
significantly altered due to the proposed plan. We argue thzse prices for significant periods of time. Let us atersbne
this assumption is valid due to the fact that the tstzé of typical market—New York Independent System Operator
these generators is significantly smaller than tlzated in the (NYISO). The Independent System Operator (1SO)
market. In other words we assert that implementatiothe coordinates day-ahead schedules and performs real time
proposed plan will not distort the market behavior. balancing of load and generation, settles real timelanbas

etc.



The market prices in this field are represented by the TABLE Il
Locational Based Marginal Prices (LBMP). In the DayeAd POTENTIAL PROFIT FOREACH TYPE OFGENERATOR IN2001
Market (DAM), the LBMP is computed on the previous day Cost
based on generation and energy transaction bids that are Cost | Period off P2YMent - | Profit
offered in advance to the NYISO. These prices are ditedn |CENERATOR SIZET "™ o0 oo FOM | gacn |FO Sach
; ] TYPE (kW) Supplier GEN.
on an hourly basis for each of the state's eleesres and for kwh | (Hr) $) GEN. $)
the four neighboring areas. Typically more than 90 % of ®
energy transactions processed by NYISO occur in the DAN RGD3300 3 | 014 182 105 75 30
[3]. RGD3300N | 33| 0.12] 248 144 102 42
Figure 1 shows price duration curve for 2001 for the Long rGv 4100 | 36| 0.21 22 32 17 16
Island zone where the price excursions were highese G4400K 4 | 017 60 66 40 27
curve displays the times when the LBMP was above rgpsooo | 45| 014] 182 158 115 12
$120/MWhr. The time coordinate of any point on the pricE coeoooxki | 25 | 021 22 20 21 19
dL!ratlt_)n curve shows the n.umber of_hours during w_h|ch tthG5000XK1 25| ozl > 20 1 )
price is higher than the price coordinate. Hence thiphgra
. . - ! . RGV6100 | 4.8| 0.20 25 46 24 21
displays the probability of gaining a profit for a certeost of .
. . . . Premium Plug
domestic generation. For instance in zone Long Island pf “gq0, 5 | 022 21 43 23 21
2001, the total hours that the LBMP is greater than G5500K 5 0.18 50 74 44 30
200$/MWHI is 25 hours. G5500KE | 5 | 018] 50 74 44 30
EB6500SX | 55| 0.19 29 59 30 29
2501 ES6500K1 | 6 | 0.19] 29 64 33 31
Premum Plu§ 65 | 023| 20 55 30 25
200 ] 6500
EB11000 | 95| 0.20 25 90 47 43
Industrial
150 10000 10 | 0.27 18 80 49 31
z EB12DAGC6| 10 | 0.13| 208 388 277 110
£ RGV 12000 | 10| 0.17 60 165 101 64
= 1004 RGV13000T| 10| 0.16 80 200 125 75
Industrial
0| 12000 12 | 0.23 20 102 55 47
Table 11l shows the high volatility of the real tinh8MP.
0 ‘ ‘ ‘ ‘ ‘ As we can see, the profitable price like $121.96 may lagt o
0 200 4°L°BMP($/ ’3(\)/8”) 800 1000 a minute, and then a little later the price may spioairdto as
low as $46.86. Although theoretically this price is very
Figure 1. Price Duration Curve 2001 of Zone Losigid in DAM attractive in order to make a profit it is imprachtm for a

small generator to start-up as fast as that and onkgrgenfor

If & supplier had a choice between purchasing energy fri very short interval. This is may make it impigadtin
the spot market and purchasing it from a standby genetatlome cases for standby generators to participate imetile
would probably enter into an agreement to purchase from &« market.

generator at a price lower than the spot price. If tmeggor — \ye should note that even though there is some potéartial
also collects revenues from capacity payments it miht oy participating in the day ahead market, thesaltes
called upon to provide energy during periods when the market universally applicable. They may occur in sorghlfai

price is lower than the generating cost. dynamic markets such as California, and New York not in

Figure 2 shows the price duration curve for real timeesr i or staple markets. But even for this highly lucratieket
for the same zone (this has been truncated at $200/MWHr); o that of New York we can deduce from Table Il that th

is clear that even though the prices are higher thahe day ,qqgible profit for the customer in the DAM is veryitied. In
ahead market and for a long period of time it is actusty 5 analysis we have not included the cost of the devic
volatile and it may not be feasible to start up a geaREMErY nffsetting some of the cost to some extent. It israportant
time the real time price exceeds the generation @mstuse of ¢, 1o mention that zone Long Island has the highest prid

the very brief duration of some of the price peaks. Tis 1 4vimum possible hours among the 15 zones in 2001. The

further explained as follows. _program is only feasible for the regions that areattarized

Comparing Figure 2 with Figure 1, it appears the prigg, , highly unstable market price. However, for somerothe
curve in real-time market is more attractive, for exanitiere zones, in where the LBMP is very low, this program is
are around 80 hours in RT whose LBMP is greater thggmplétely meaningless '

$300/MWHTr as compared to only 14 hours in DAM.
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considerably. Installation costs of large generatoesaaieast

$400/kW-yr. These installation costs will ultimately iéfted
1401 to the consumer, decreasing the demand and causing ttye utili
120 | company lose out in the long run.
By observing some of the statistics provided above we fin
~ 1001 that the load changes very drastically with time ang mat
% 80 | always _necessitate the switching on of_ these larger gens
£ Also doing so would decrease their efficiency and mayecaus
k60 other problems associated with their functionality.qaick
40 | glance at the price curve would also make it clear ttiege
generators would be used for a very small percentagenef ti
20 1 making their investment vastly unjustified.
0 | | | | | Other than the general problems mentioned above there
0 200 400 600 800 1000 might be other problems associated with the use of these

generators. The utility company may not have the ssecyg

time scale in order to implement this proposal inérepthe

Figure 2. Price Duration Curve 2001 of Zone Lésignd in RT Market rISk_InVOIVed in the pI‘O]e.Ct. This will also signifietly add an
additional cost to the project.

Other than the problems mentioned above we shouldOne of the possible solutions to satisfy the capacity
realize that the price patterns reported here occumed'§quirement may be to put to use some of the generators
relatively immature markets. They may not necessagjpeat POSSessed by these consumers. A large number of them are
themselves again. Due to various companies entering fff¥erely underutilized just waiting for sporadic outages to
business the prices may considerably be stabilized fiagdePCcUr- The possible lease of the generator to thetyutili
redundant the analysis provided above. company may significantly defray their .h|gh maintenance

It is also to be noted that on account of a large fanto COStS incurred by such a consumer, reaping benefitsofir
chance in utilizing this alternative the profits ifeewobtained the consumer as well as the company. .
may still be very slim. . If a generation provider does not have gdequatg capacity of

On basis of the above arguments we find that suchtensys/tS Own it can do one of three things: (a) it can bg|ldlm
may not be sufficiently feasible for all markets tgou 9€neration at a cost of $400/kW-yr or more; (b) it can pay
applicable to a selected few. We propose an alternsyistem Penalty typically in the order of $170/kW-yr in the summer
below, which we envisage that will be more universalffonths and $85/kW-yr during the winter months; or (c) it ca
applicable and yet promise a significant benefit forh bibie enlist the capacity of sandy generators for whichdwaers

consumer as well as the supplier, which may be a wiliy have already paid so even if the supplier were to pay the
generation company. owner at $85/kW-yr it is still saving money.

The third option is what makes the plan lucrative for
TABLE Il customers with standby generators. For example a typical
A SAMPLE OF SiX CONSECUTIVEREAL TIME PRICES INLONGISLAND ONJUNE  10kW generator will cost the consumer around $2000. If the
17,2001 company pays the consumer at the rate of $850 per year the
consumer gains a reasonable income from the gerfer@or
Time | 10:00 | 10:03| 10:06| 10:13 10:12  10:17 the other hand the installation costs the company woane
CBMP incurred for equivalent installed the generation would be a
$MwHr | 15765 496 | 423 121.96 4781  46.86 |east $4000 per year. This gives them a significant advantage
of leasing the generator from the customer.
: We should note that the proposal for the substitutiohef t
B. Revenuesfrom sale of capacity ) .

) ) ) i ) o standby generators for the capacity requirements are more
Various regulations exist stipulating the minimum capacifyyiversal as compared to those of substitution for poligr.
that is required to be maintained by a provider of gereratiyofit also does not depend like the latter on chancengaki
Utility companies have various options in order to $atisprofits more reliable and practicable. Hence we aarclede
these regulations. Other than obviously paying the penafty: the substitution of these standby generators eslilts in

they may choose as conventionally done today to instglinefits to both the customer as well as the company.
generators delivering the required capacity in order &t e

requirement. A number of concerns arise due to practical
implementation of this option.

Firstly there are a number of regulations on equipmestt US : Note that this is a slightly optimistic estimaté.an owner makes a
by utility companies that raise the cost of generdigrarany standby generator available for capacity, thers itikely that the generator
fold. Environmental regulations, efficiency requirements et¥ill be called upon to operate, probably at the ers expense. In some

. . . . instances, with larger standby generators, thel®rgms been known to pay
required by commercial generators increase their C@ffuel cost of such usage, but this will usuakygoverned by the applicable

agreement.

LBMP($/MWHTr)
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