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BY TOM CLARK

Power From Waste Water

Mississippi, U.S.A., oilfield generates low-temperature, emissions-free

geothermal energy at the wellhead

According to reports by the Massa-
chusetts Institute of Technology and
the National Renewable Energy Labo-
ratory, there are 823 000 oil and gas
wells in the United States that co-pro-
duce hot water concurrent to the oil
and gas production. This equates to
approximately 25 billion barrels an-
nually of water that could be used as
fuel to produce up to 3 GW of clean
power. By tapping this enormous re-
source to generate clean energy, the
power generation potential is signifi-
cant and should not be ignored.

Inthesummerof2011,ElectraTherm

Inc. completed a six-month dem-
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onstration at a Mississippi, U.S.A.,
oil field generating renewable en-
ergy from the hot produced water
that oil and gas producers consider
a waste. Headquartered in Reno,
Nevada, U.S.A., ElectraTherm spe-
cializes in small-scale waste heat
recovery. ElectraTherm’s product,

. the Green Machine, generates fuel-

free, emissions-free power from
low-temperature waste-water flows
(between 88° and 116°C) using
the Organic Rankine Cycle (ORC)
and patented technology. This is
the first small-scale (<200 kWe)
application to generate fuel-free,
emissions-free power at an oil well.
The demonstration developed from
a grant by the Department of Energy’s
Research Partnership to Secure Energy
for America (RPSEA). The effort fund-
ed the demonstration of a modified
waste heat generator that uses pro-
duced water to create “green” electric-
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The ElectraTherm Green Machine was designed to fit on a truck bed for simple plug-and-play upon arrival at the site.

ity usable on-site for field operations
or for export to the grid. The demon-
stration was implemented by Electra-
Therm’s Gulf Coast distributor, Gulf
Coast Green Energy (GCGE), who
submitted the grant application and
performed the demonstration in part-
nership with ElectraTherm, Denbury
Resources Inc. and other key partners.

The objective was to identify and
demonstrate technology that will
reduce the field operating cost of
electricity and minimize the environ-
mental impact by creating green elec-
tricity using available produced water
and no additional fossil fuel.

The greatest risk in large geother-
mal power projects is témperatures
and flows of the wells yet to be drilled.
These projects can be five to seven
years in the making and carry a sig-
nificant amount of unknowns, which
equates to risk. However, in the oil
and gas industry today there may be
up to thousands of wells already es-
tablished with known temperatures
and flows that could be producing
emissions-free power.

Historically, geothermal production

continued on page 14




OiL FieLb Power GENERATION

The Opportunity
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2,000 - 4,000 BPD =30 - 65 kW Green Machine

in the United States has been limited
to tectonically active regions with ex-
tremely hot, naturally pressurized wa-
ters. But newly developed technology
allows for the generation of electric-
ity from moderately hot water. GCGE
sought advice from Southern Method-
ist University’s Geothermal Laboratory
in finding oil and gas production sites
likely to have sufficient heat flows to
support the Green Machine’s require-
ments, and as a result identified Den-
bury Resources Inc. The Plano, Texas,
U.S.A.-based company specializes in
revitalizing old wells by injecting car-
bon dioxide into the reservoir, which
increases reservoir pressure while re-
ducing the oil’s viscosity. This process
allows the recovery of oil that other-
wise would not be produced.

This field demonstration involved

a close partnership between GCGE
and Denbury, the largest oil and
natural gas producer in Mississippi
and the owner and operator of vari-
ous wells in Laurel and Jackson,
Mississippi. The partnership also
included third-party verification
and support from Southern Meth-
odist University (SMU) and Texas
A&M’s Energy Institute.

Data provided by SMU showed that
the water being produced at the wells
near Laurel, Mississippi, was approxi-
mately 96°C. The well produces at
2895 m under electric submersible
pumping (ESP), producing 100 bar-
rels of oil per day and 4000 barrels of
water per day, 98% water.

Near the Laurel field wellhead, the
hot water supply line was bypassed
through ElectraTherm’s ORC in a
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simple three-way valve configuration
to avoid interfering with production.
The base load electricity was utilized
on-site to keep all the electricity “in-
side the fence.” The power generated
displaced US$.098/kW-hr, compared
with net metering to the utility at
US$.0447kW-hr, making “inside the
fence* operations the best option for
the site.” -

Green Machine Technology

Hot water is separated from the
oil that it is pumped from the well
and enters a heat exchanger. In
the heat exchanger, the hot water
excites (pressurizes) the working
fluid, which is an EPA-approved,
nonhazardous, nontoxic and non-
flammable fluid, driving the twin-
screw expander (the power block)
to create electricity. ElectraTherm’s
patented twin-screw expander is
unique in its configuration, lubrica-
tion and specifications, but is based
on reliable, proven compressor
technology that has been around for
greater than 20 years.

The twin-screw expander has a ro-
tational speed of 4300 to 4800 r/min,
much slower than that of most tur-
boexpanders. The robustness of the
screw allows the admittance of wet
vapor through the expander, there-
fore allowing access to lower-temper-
ature resources. Through a patented
process and lubrication scheme, the
system is simplified and eliminates
lubrication reservoirs, oil coolers,
pumps, lines and filters, creating a
simple, robust and easy to maintain
power plant.

continued on page 16

Refrigerant — Honeywell R245FA — charge (Ibs): 700 Ibs.
Expander — 75% expansion efficiency

Electric Generator — Marathon prime line efficiency 91%

System Efficiencies — 6 to 10% (Resource temperature dependent)
Basic Cycle — Organic Rankine Cycle (ORC) twin screw
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Performance Data

Net Power Output To Grid Or Field Use

Gross Power Output: 19 to 22 kWe

Runtime Hours To Complete
Demonstration

1136

Parasitic Load Breakdown

Feed Pump: 1 to 4 kWe, Fans: 0.1
to 6 kWe

Ambient Temperature (hourly) 16° to 4°C
Relative Humidity 50 to 100%
Generator Output (hourly) 8 to 30 kWe
Brine Flow Rate (daily) 454 L/min
Brine Inlet Temperature (daily) 96°C

After the working fluid expands
acrossthetwin-screwexpander (spin-
ning a generator), the low-pressure
vapor must be condensed to a lig-
uid to begin the cycle again. Vari-
ous methods of condensing can
be utilized: a cooling tower, a di-
rect air-cooled condenser or even
ground water. The condensing side
of the ORC for this demonstration
utilized an air-cooled condenser,
eliminating the extensive amount of
fresh-water usage and maintenance
expenses associated with operating
a cooling tower.

The Green Machine measures 2.2
x 24 x 2.1 m and is designed with
no gearbox, and no oil pump or oil
changes necessary. The control sys-
tem is fully automated, allowing re-
mote control, remote monitoring and
off-site diagnostics and trending,

The ORC technology used in the
Green Machine is demonstrated in
Figure 1.

Challenges With
Co-Produced Fluids

There are a number of variables in
co-produced fluids that have limited
the technology from being adapted
on such a vast resource.

Distributed Small Wells

High volumes of water flows and
120°C-plus temperatures are typi-
cally required for traditional ORC
technology, but unobtainable in
smaller wells with low temperatures
and flows. The Green Machine re-
quires hot water between 88° and

116°C at 454 to 757 L/min. Co-
produced applications tend to scale
within the lower end of both sides.
For this reason, large-scale power
production at these temperatures
and flows is not obtainable; small-
scale, distributed power generation
matches the resource requirements,
and ElectraTherm’s Green Machine
is sized well with power output be-
tween 20 and 65 kWe.

Geothermal Brine

Water corrosion and mineral build-
up in the ORC’s heat exchangers was
a major challenge leading up to this
demonstration. Brazed plate heat ex-
changers are not optimally suited for
brine as they have clogging and stress

corrosion cracking issues. The assess-
ment of the current HX design con-
cluded it would not be sufficient for
long-term operation. However, a six-
month, 1000-hour test run operating
with the current bill of material heat
exchangers would have no issues.
The addition of a similar plate and
frame “heat' exchanger would allow
material options, cleaning ability and
would extend heat exchanger life.
The use of a small metering pump to
add a scale inhibitor to the produced
water ahead of the Green Machine is
another solution.

ElectraTherm’s research and de-
velopment through a recently award-
ed U.S. Department of Energy grant
enabled the development of an op-
timized gasket plate and frame heat
exchanger for future sites. This new
unit is currently being tested at Elec-
traTherm. ElectraTherm will use this
heat exchanger at its Florida Can-
yon, Nevada, U.S.A,, site to reduce
the cleaning requirement and keep
scaling at bay. The cleaning sched-
ule, control of the scale build-up
and/or other produced water fouling
problems are site-specific problems
that are dealt with at existing large-
scale geothermal and similar applica-
tions today.

continued on page 18

—— Hot Water In [F]

—— Ambient [F]
210+ —— Net Power Out [kWe] 105 ~26
208 100 |24
206 - Fos |2
Loo |20
£ 202 % ez
80z L 145
% 200 2
2 ] 752 -12§
?:5198- _702 -_10%
196+ L 65 ."2
194 4 L C
192 = |
] 55 [
——— T

190 4+—r——""T1"+T1

40000 -

Date

D A e e [ e e T S 50:0

1 140000

IO 100

The graph represents power generation during a 24-hour period in the month of November.
The hot-water flow remains steady throughout, while the net power out is directly correlated
to ambient temperature during times periods above 33°C.
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Cost Analysis

Total Installed System Capital Costs

Total Project Costs: US$230,000

Plant and/or plant equipment capital costs (including air-cooled
condenser, ancillary equipment/BOP)
Installation — Includes travel/trip, and SMU and A&M tech advisers
Transaction Costs — Engineering and other costs not directly related to construc-
tion: permitting, acquiring power sales agreement, etc.
Total Operations and Maintenance Costs (quarterly reporting)

Economics

Cost of power in many U.S. mar-
kets with oil and gas wells can range
as low as US$.08/kWh, and ROI can
well exceed eight years. Review of
the demonstration and cost analy-
sis speaks to the economic benefits
of the application. A post-project
analysis concluded that the Green
Machine’s power generation offset
about 20% of the energy required
to run the down-hole pump on the
oil well.

Limitations Of High
Ambient Temperatures

One of the greatest challenges at
the Laurel site was the high ambient
temperatures during a Mississippi
summer using air-cooled condensing.
The high ambient temperatures mixed
with lower temperature geothermal
water (96°C) and low flows equated
to a lower system AT, a critical param-
eter for machine efficiency and power
generation. The limited system AT
reduced power output. Another sub-
optimal factor of the application was a
brine flow rate at 454 L/min, 30% be-
low Green Machine standard param-
eters of 644 to 719 L/min. Together,
these inputs equated to a lower than
name plated Green Machine output of
19 to 22 kWe gross.

Through further review of the Lau-
rel site and ‘its high ambient tempera-
tures, FlectraTherm determined the
air-cooled condenser going in was un-
dersized for this site. Concurrent test-
ing at ElectraTherm’s test cell showed
an approximate 40% power de-tate,
clear factor in limiting optimal output
at the site. Subsequent performance
modeling of the Denbury site conclud-

ed that with higher flow rates (>577
[/min) and an appropriate sized air-
cooled condensing unit, the average
annual output of the green machine
would be 50 kWe gross/38.5 kWe net
at this location. To reach maximum
power output capabilities on a Green
Machine (65 kWe gross), heat and
flow parameters would need to reach
116°C at 606 L/min, and require an
ambient air temperature of 16°C.

Installation And Operation
At Remote Locations

Oil and gas wells are littered across
the country, often in remote, off-the-
beaten paths and with limited access to
roads or services. This proves difficult
and expensive for on-site construction.
Most operations located on well sites
require major machinery that is large,
heavy and immobile. Moving equip-
ment around and adding ancillary ma-
chinery to remote sites can be costly
and not a high priority for businesses
whose primary objective is producing
oil and natural gas.

Operating personnel and service
support are additional challenges at
remote locations. Without readily ac-
cessible service technicians, trouble-
shooting, added downtime and travel
can become costly.

The accumulation of the above chal-
lenges has greatly limited power gen-
eration research and development at
oil and gas wells to this point. Without
a modular, robust, low-maintenance
and economical solution to present to
oil and gas producers, utilizing a power
generator solely for the environmental
benefits will have limited acceptance.
ElectraTherm’s partnership with GCGE
and the grant by the U.S. Department
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of Energy’s RPSEA program enabled
a low-risk demonstration project to
prove that practical operations of a
Green Machine at oil and gas fields are
commercially viable and easy to install
and operate.

Six-Month, 1000-Hour
Demonstration

The Green Machine is designed for
30 to 65 kWe of power output, but the
lower temperature (96°C) and flow (454
1/min) at the Laurel demonstration site
equated to a lower output. Also, due to
the fact that this was a demonstration
site, the condensing solution was taken
from inventory and was undersized for
the high ambient Mississippi summer.
The unit produced a maximum of 22
kWe and an average of 19 kWe of pow-
er. This was enough to offset up to 20%
of the energy required to run the down-
hole pump on the oil well for which it
was paired.

The demonstration at Denbury’s
Laurel site provides insight into future
applications to reduce installation
time, increase output and minimize
maintenance. This kind of cogenera-
tion can be particularly effective to
reduce the energy costs for pumping
hard-to-reach oil, an increasing activ-
ity in the United States.

Hurdles remain in developing co-
produced fluid opportunities but
progress has been and continues to be
made. Primarily, economics will play a
critical role in the growth of this indus-
try. Lower costs of power in the United
States directly impacts demand for al-
ternative resources. ElectraTherm sees
an attractive return on investment in lo-
cations where cost of power is US$.10/
KkW-hr or higher. In locations where
cost of power is less than US$.10/kW- -
hr, additional incentives or corporate
objectives would be necessary to make
the opportunities attractive.

Oil and gas producers will need to
recognize the inherent benefits of pow-
er generation from co-produced fluids
to enable cost savings at each site and
establish a firm commitment to the en-
vironment and sustainability. ¥

SEE DIRECTLINK @
WWW.DIESELGASTURBINE.COM
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