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Power from Waste

The Operating Industries, Inc. (Olf) Landfil is a closed lanafil near downtown Los Angeles, Califormia. A rew
microturbine-based power plant installed at the site allows Oll to substantially reduce its power costs while st
meeting the strict emission requirements for gas emitted from the site.

Microturbines
show their flare for landfill

he Operating Industries, Inc. (OIl)

Landtfill is a closed landfill located 12
miles east of downtown Los Angeles,
California. It currently produces landfill
gas which has been treated with a thermal
oxidizer capable of a destruction and
removal efficiency (DRE) of 99.99 per
cent. Any attempt to urilize the landfill gas
tor energy generation in the past was ham-
pered by rhe requirement for 99.99 per
cent DRE.

In july 2001, the California Public
Utility Commission (CaPUC) allowed the
focal utility serving OII, the Southern
Calitornia Edison Company (SCE), to
ratse irs retail rate from 10¢/kWh to
t4¢/kWh. As a result of this increase, Oll’s
annual power cost increased to $440 000,
SCS Energy (SCS) proposed that a power
generation teasibilicv study be underraken,
and New Cure, Inc. (NCI), the contractor
for the Work Detendants, auchorized SCS
to undertake a feasibility study.

At the vuiset, the tollowing boundarics
were ser on the study:

» Limir the project’s size to the on-site
load: SCL was not buving power, and even
1t SCE was buving power, a “rerail defer-
ral™ type project would have a lower capi-
tal cost and a higher return on investmenc;
* Fuel the project exclusively on landfill
gas; and

* Limir the generation technology to be
considered to mucrorurbines.  Micro-
turbrnes  were constdered to be  cthe
tavoured rechnology because: the landfill
aas ac Ol has a low methane content: low
NOy emissions were a high priority with
regulators; and a reladvely small plant
capacity was required.

A review of the power bills ar Oll
showed that tour major loads accounted
for more than 95 per cenr of che landfill's
power consumption:

* The landfill gas treaument system
(LFGTS) itself;

* The leachate treatment plane (LTP);

* The ottice building at the landfill (known
as the eight-wide); and
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* The booster blower.

Table | summarizes the power loads and
costs at each of these four locations, each
ot which was served by a separate SCE
meter. The LFGTS and LTP are adjacent to
each other; however, the next nearest
power load is the eight-wide, about 670 m
away across the eight-lane Pomona
Freeway. The final load, the booster blow-
er, 1s a further 580 m away.

SCS's study recommended that the loads

ly feasible. NCI submitted the SCS scudy
to USEPA for funding approval in
September of 20071,

Project refinement

After reviewing the proposed project,
USEPA decided that, for consistency, a
DRE of 99.99 per cent would be required
for any landfill gas burned in the micro-
turbines (e, the 9999 per cent DRE
requirement would apply whether the

— ", AS a result, Olls annual power cost increased to
$440 000. SCS Energy proposed thal a power generation

feasibility study be undertaken ——- -

at the LTP and LFGTS be combined and be
served by a 350 kW facility, that the eight-
wide be served by a 70 kW facility, and
thar the booster blower be served by a
30 kW facilicy. The feasibility study indi-
cated that all these projects were financial-

landfill gas was tlared or was beneficially
used). It was expected that microturbines
could achieve at least a 99.5 per cent DRE,
but rthis was short of USEPA's requirement.

SCS proposed a solution in which the
cxhause from che microturbines could be
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directed into the LFGTS thereby meering
the DRE of 99.99 per cent. The microtur-
bines would consume only abour five per
cent of the total landfill gas burned in the
LFGTS, and the introduction of the micro-
turbine exhaust would not distuch LFGTS
operarion. USEPA approved this soiurion;
however, the recommendarion o install
70 kW and 30 kW miccorurbines on rhe
other side of the Pomona freeway had to
be abandoned because of the requirement
to route the exhausr gas ro the LFGTS.

As menrtioned, the typical mechane per-
centage at the LFGTS is low. It ranges
trom abour 25 per cent to 28 per cent. bue
microturbines can successtully operate
only at methane contents as low as 30 per
cent.

The methane content in the landfill gas
at Oll is somewhat variable due ro rhe
presence and operation of the perimerter
extraction well system. The basis for
microturbine design was 33 per cent
methane contear; however, tn acrual oper-
ation the methane content has varied from
19 per cent to 47 per cent.

Plant description

The plant configuration comprises:
* A dedicated landfill gas
line;

» Piping interconnection with the flare sta-
non and condensate collection system;

* A 30 kW, 425mi/h landfill gas blower
which raises pas pressure trom -150
mmHg to 690 mbar;

* A retrigeration svstem which chilled che
compressed landfill gas o 4.5°C, coupled
with a heat exchanger ro rehear the chilled
gas to -7°C above the dew point;

= Six 70 kW Ingersoll-Rand
PowerWorks microturbines;

* A Y9m x 9m meral deck cover aver the
turboes;

* Exhaust ducong;

* Swirchgear and urility equipment:

Lransmission

(I-R}

* Continuous tuel gas quality analyzer
tmerhane and oxvgen),

* Motor control centre tfor che motors on
the compressor skid; and

* Plant control computer with touch
screen  inrectace and  off-site wireless
access.

The landfill gas extraction system at Oll
mcludes a large in-soil. perimeter well
excraction system char dilutes the gas
delivered to the flare sration to less than 30
per cent methane. The dedicated collection
header taps into the existing collection sys-
tem where the gas qualicy is typically 35
per cent to 44 per cent.

The I-R microtucbines require a pressuce
of 5.5 atmig|. They incorporate a tactory-

combustion air blowers because:

» The oxygen content in cthe exhausr of the
microturbines is very high, and is high
enough to not impact mixing and combus-
tion in the flare;

¢ The air temperacure from the nucrotur-
bine exhaust would be acceptable co the
combustion air fans (after pre-mixing and
dilution with ambient temperature com-
bustion air); and

* Control of the microturbines would be
interlocked with the operation of the
LFGTS in order to avoid back-tlowing the
microturbine exhaust our che combustion
air inlets (which could occur if che
LFGTS was otfline and the microturbines
were on).

— "The typical methane percentage at the LFGTS is low. It ranges from
about 25 per cent io 28 per cent but microturbines can successiully

operate only at methane contents as low as 30 per cent” —————

supplhed un-board compressor, but the
compressor could not he factory-upsized
to raise rhe required quancty of landfill
pas from -150 mmHg o 5.5 ammig]. To
overcome this problem, a positive dis-
placement blower was used to “pre-pres-
surize™ the landhll gas o 690 mbar. A
chiller and heat exchanger swere provided
for moisture removal.

The pre-treatment equipment, including
all non-urility elecerical and control equip-
ment, was designed and constructed on
one skid. This allowed for assembly and
initial testing of the skid o be compleced
off-site.

In order to meert the 99.99 per cent DRE
requitement for flared landtill gas, the
LFGTS is equipped with combustion e
fans to enhance the fuel mixing and com-
bustion. Jr was possible to meer the 99.99
per cent DRE requirement with micro-
rurbine exhaust gas routed into the
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SCE interconnection issues
Victually every distributed generation pro-
ject. which has rhe ability to access a utli-
tv electric power disrribution systemn, oper-
ates in parallel with che urility. The power
peneration equmipment and the on-site
puwer loads are conunuously coanecred to
the urility through a closed main breaker.
Standby and supplemental power from the
utility is instantaneously ted by the vtibry
it there 1s a prablem with the power gener-
ation equipment and/or if on-site power
demand spikes above power generation
capacity. It permirted by the utlity, excess
power produced by the power generation
cquipment can flow into the unlity's diseri-
hution system.

Three oprions are available when excess
power peneration capaaity s available:
1) Match power production to on-site load
— Under this scenario, power 1s not export-
ed to the urility and is commonlv called the
“no export” oaption. If an apphcant
acceprs this oprion, the udlity generally
requires seeict adherence to this condicon.
The udlity requires the installation or o

‘reverse puwer relav which derects when

any export of power occurs and which
immediarely calls upon the main breaker
to cthe uality to open. When the mam
breaker opens. it is not possible to close it
without shutdown and restart ot che
power generation facilities. Obviously, chis
undermines the advantages ot parallel
nperation. Activation ot the reverse power
relav would generally occur when the
pOWEr  generation  equipment  Canuot
reduce its rate of power production fast
enough to tollow dips 1 on-site power
demand. A selution to this problem 15 to
operate the power generation facilicy ar an
oucput below the on-sire load.
allowing some utilitv power to be backted
ar all despite the avadability ot

actual

tines,
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Table 1. Oll annual power loads and costs

marveled ar how diffi-
cult it was to give free
power to a utility in a

Peak _Average  G/kW Annual__ | state which less than a
Cost year before was facing
LFGTS 232 kW 205 kW 14.5 3260000 | power blackours and
TP 130 kw 63 kW 14.6 $81 000 soating wholesale
Eight-Wide 86 kw 43 kw 14.6 $56 000
Booster Biower 40 kW 33 kw 14.4 542 000 prices.
Total 44BKW 334 kW $439 000 It rook 86 days from

the date the intercon-

adequate power generation capacity. The
obvious disadvanrage to this arrangement
1s that power is being unnecessarily
purchased;
2) Inadvertent, uncompensated expart of
power — Under this scenario, a negoriated
maxinum amount of power can be
exported to the utility, bur the utility does
not pay for the power. The problem of
matching power generation to on-site load
can be eliminated by always generating a
lictle more power than is needed. If the dis-
tributed generation facility is fired on con-
ventional fuel, the tuel is an expense, and
an unnecessary cost is incurred to generate
the “unneeded” excess power. At Ol the
tuel 15 available at no cost and fuel cost is
not an issue. A second disadvantage to the
inadvertent export scenario 1s, at least in
California, thar che unlity review of the
interconnection application takes longer, 1s
more costly, and can resulc in more exten-
sive and costly urility-installed equipment
on the utlity side of the meter. The apph-
cant is required to pay these coses in tull at
the time of installation;
3) Export of power with sale of power -
California utlities are currently required
to buv power, at their avoided cost, only
fur projects less chan 100 kW in size. At
the present nime, there 1s viccually no mar-
kec tor sale of clectric power in Californi.

lc was clear thar scenario 2 was the pre-
terred option, provided that SCE's require-
ments did not become unaceeprably oner-
ous in terms of lost time and money.
Several meetings involving ahnost a dozen
SCE representatives (rechnical, financial
and regulatory) ultimarely led to SCE's
aceeptance of scenario 2 with an export
limitation of 150 kW.

At the conclusion ot this process, NCI

s cenli
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necrion application was
filed through the day it was approved. In
hindsight, the rather complicated applica-
tion was processed in a reasonable amount
of time. SCE ultimarely charged NCI $105
000 tor up-grades on the utility side ot the
merer. The upgraded facilities included a
new main transtormer, a ground bank and
wiring modifications.

Selection of the inadvertent export inter-
connection option has proven to be a wise
choice. The power demand ar che site has
signiticant swings. Notably, there 1s a diur-

risk, was virtually eliminated by che I-R
contract.

SCS was able 1o bring additional tinan-
cial benefits to the project in the form of
grants. Prior to the initiation of construc-
tion, SCS secured a $105 000 granr from
the California Energy Commussion {CEC).
The grant was paid to NCI through SCS ut
project completion. The granc represented
$250/kW and was offered under CEC’s
innovative peak load reduction pro-
gramme.

As construction of the plant was nearing
completion, SCS identified another oppor-
runity for a grant. The California Public
Utility Commussion (CAPUC) directed
mvestor-owned utilities in Califormia ro
modify the then existing eligibility criteria
for the  Self-Generation  Incennive
Programme. The programme was extend-
ed from what was a cogenerarion-based
¢ligibility criterion to add non-cogenera-
tion projects which were tired on ar least

"Microturbine maintenance is expected to represent abourt

70 per cent of the plant’s overall operation/maintenance cost” ———

nal variation 10 power plant outpur. The
capacity of a combustion turbine is affect-
¢d by ambient aic temperature, because air
temperature affects the densiry of the com-
bustion air. Power outpuct is greater when
the ambient airis cooler. The electric power
demand is higher ac OII at night, since the
air blowers associated with the LTP's bacch
rrearment process are run at night, moa
conscious  decision to match maximum
load with maximum power ourput.

Financial considerations

NCE minimized its financial risk chrough
risk sharing concraces with SCS and R,
NCI signed a turnkey construction con-
rract wich SCS, which called upon SCS o
provide design, permitting, equipment
insrallation and stact-up on a time-and-
marerials basis for a guaranteed maximum
price of $1 080 000. The turnkey contract
placed construction cost risk an SCS, prior
to the plant being designed.

NCI signed a five-vear, fixed price micro-
turbine maintenance contract with I-
R. Under chis contract, I-R provides
all scheduled and unscheduled main-
tenance required by rhe microtur-
hines for $8000 per microtutbine per
vear {abourt 1.5¢/kWh).
Microturbine maintenance is expects
ed 1o represent about 70 per cent of
the plant’s  overall  operation/
maintenance cost. As a result, NCI
has a fixed operation/maintenance
cost for the plant at a guaranteed
price tor a five-vear period. More
importantly, the cost risk from che
plant compuonent that had whar was
believed 1o represent the greatest

75 per cent renewable tuel. SCS prepared
an application for funding under the Self-
Generation Incentive Programme and sub-
mitted it to SCE within days of the
CAPUC  action. SCE's Programme
Administrator first learned of the change
in criteria when he received the application
from NCI.

Rapid application for the grant was
pararmount because grants are awarced on
a firsr-came, ftirst-qualify basis with a lim-
ited pool of funds being available. NCI's
application was che first filed under rhe
programme’s new criceria and was the first
project funded. The granc was n e
amount of $450 000 and SCE dicecclv paid
the grant to NCI.

After full consideration of construction
costs and ongoing operation/maintenance
costs, the projected pavback on rhe
original investment 15 expected 1o be
about two vears.

Initial operation

The power planr first produced electric
pawer in late August 2002, aboutr six
monchs atter NCIs execution of the
rurnkey contract with SCS.

By Ocrober 2002, most starc-up and
debugging activities were complere. During
October 2002 through January 2003, rhe
plant was online 86 per cent of the available
hours. Bv the end of Januarv 2003 the
plant  was online 95 pec cent ot
the available hours, The microturbines
have demonscrated the  ability o
operate at methane contents as low as
29 percent. Savings in avoided electrical
costs have recently approached $30 000
per month.
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