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ABsTRACT
In the course of riparian ecological restoration work, tamarisk biomass is often piled and burned, generating air pollution, 
or shipped to landfills—a costly alternative. Information on processing and utilizing tamarisk biomass is becoming increas-
ingly valuable in light of the spread of the tamarisk leaf beetle (Diorhabda spp.) as a biological control agent. As beetle 
populations expand, information on the properties of both green and beetle-killed tamarisk biomass and their suitability 
as feedstocks for conversion to energy will be useful for land managers seeking to offset the costs of tamarisk removal, 
restore wildlife habitat and ecosystem function, and reduce wildfire threat posed by standing dead tamarisk. Field trials, 
feasibility studies, and economic analyses are needed to enable pioneering restorationists and land managers to incor-
porate tamarisk biomass utilization into their project plans. We collected both green (live) and dead tamarisk impacted 
by the tamarisk leaf beetle and tested both as fuels for conversion to a clean producer gas via downdraft gasification and 
then to electricity in a spark-ignited engine/genset at Community Power Corporation in Littleton, Colorado. Both green 
and dead tamarisk chips were good fuels for gasification, performing more efficiently than a sample of mixed softwood. 
Further, the data suggest that significantly more energy can be recovered from tamarisk when harvested green, compared 
to waiting for the tamarisk to die and age. When incorporated into a comprehensive restoration plan, tamarisk appears 
to have potential to be used as a valuable energy source rather than viewed as unwanted waste.
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(Diorhabda spp.)

Riparian ecosystems constitute a 
very small percentage of the total 

land area in the southwestern United 
States but support a high diversity of 
plant and animal species and provide 
critically important ecosystem services. 
Altered flow regimes on rivers, agri-
culture, livestock grazing, and intro-
duced exotic species, among other 
human-related activities, have con-
tributed to the rapid decline of these 
valuable ecosystems (Briggs 1996). 
Tamarisk, or saltcedar, (tamarix spp.), 
an invasive woody shrub introduced 
to North America in the mid 19th 

century, is now widely distributed on 
river systems, reservoirs, and perennial 
drainages throughout the southwest-
ern United States. Highly tolerant of 
drought and saline soils, tamarisk is 
well adapted to growing conditions 
in riparian areas impacted by altered 
hydrologic cycles on dammed rivers 
(Glenn and Nagler 2005). Dense 
stands of tamarisk increase sedimen-
tation in river channels (Zavaleta 
2000, Birken and Cooper 2006) and 
contribute to increased salinity of 
surface soils (DiTomaso 1998, Tama-
risk Coalition 2009). Tamarisk is a 
fire-adapted species, believed to play 
a role in increased wildfire frequency 
and intensity in riparian corridors 
(Ellis 2001, Zouhar 2003, Glenn and 
Nagler 2005). Dense, monospecific 

tamarisk stands support a lower diver-
sity of arthropods and bird species 
with specific habitat requirements 
than mixed stands of native vegetation 
and tamarisk (Bateman and Paxton 
2010).

While many researchers and prac-
titioners maintain that native riparian 
vegetation cannot become sustainably 
reestablished on altered river systems 
until natural (historic) river flow 
regimes are restored, government and 
private land managers continue to 
allocate millions of dollars to tama-
risk removal and restoration of native 
vegetation (Zavaleta 2000, Shafroth et 
al. 2008). Following tamarisk removal, 
tamarisk biomass reduction is often an 
important step in preparing a site for 
planned revegetation efforts (Tamarisk 
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Coalition 2009, Dykstra 2010). In the 
course of riparian restoration work, 
tamarisk biomass is often piled and 
burned, increasing soil salinity and 
generating smoke, particulates, and 
greenhouse gases, or shipped to land-
fills where it reduces landfill capacity 
and generates carbon dioxide (CO2) 
and methane (CH4) emissions as it 
degrades over time (Morris 1999). 
Mulching is another option for bio-
mass reduction, but a thick layer of 
mulch can actually impede or prevent 
establishment and growth of desired 
vegetation (Tamarisk Coalition 2009), 
and mulching can compromise access 
to the soil surface for seeding or soil 
amendments (Sher et al. 2010). An 
alternative option for tamarisk bio-
mass reduction—utilizing tamarisk as 
a feedstock for conversion to energy—
has the potential to be more economi-
cal and environmentally sound than 
open burning, landfilling, or heavy 
mulching. Ideally, demand for tama-
risk biomass could help reduce the 
cost per hectare of riparian restora-
tion, releasing funds for allocation 
to those project components that 
are most often underfunded—reveg-
etation, long-term monitoring, and 
maintenance.

Information on the processing 
and utilization of tamarisk biomass 
is becoming increasingly valuable 
in light of the spread of a tamarisk 
biological control agent. Species of 
tamarisk leaf beetle (Diorhabda spp.) 
were approved by the U.S. Depart-
ment of Agriculture (USDA) for 
release in 2001 and are generating 
tens of thousands of hectares of weak-
ened and dead tamarisk. Tamarisk leaf 
beetles are now widely dispersed in 
the western U.S., defoliating tama-
risk in Arizona, California, Colorado, 
Nevada, Texas, and Utah (Tamarisk 
Coalition 2009, O’Meara et al. 2010). 
In June 2010, in response to concerns 
that the biological control of tamarisk 
could negatively impact the endan-
gered southwestern willow flycatcher 
(Empidonax traillii extimus), which 
has been observed nesting in tama-
risk where preferred native vegetation 

is not present, the USDA issued a 
moratorium discontinuing permits for 
interstate movement and release of 
tamarisk leaf beetles and terminated 
the federal tamarisk biological con-
trol program (USDA APHIS 2010). 
Nonetheless, tamarisk leaf beetles are 
widely distributed in many western 
states, and state-level tamarisk bio-
logical control programs will continue 
their research and monitoring in most 
cases (Bean 2010). Predictive models 
based on the beetles’ native habitat 
and range indicate that some species 
could potentially expand as far north 
as Wyoming and others as far south 
as the deserts of Arizona and southern 
California (Tracy et al. 2009).

While little is known about long-
term ecological impacts of the tama-
risk leaf beetle, large areas of tamarisk, 
weakened or killed by repeated defo-
liation, are creating new conservation 
challenges. As beetle populations 
expand, information on the proper-
ties of both green and beetle-killed 
tamarisk biomass and their suitability 
as feedstocks for conversion to energy 
will be useful for land managers seek-
ing to offset the costs of tamarisk 
removal, restore wildlife habitat and 
ecosystem function, reduce hazard-
ous fuels, and improve fire prevention 
and suppression in riparian and other 
sensitive areas.

Restorationists with an abundance 
of live or beetle-impacted tamarisk on 
their project sites face several barriers 
to incorporating biomass utilization 
into their management plans. Among 
these obstacles is difficulty accessing 
project sites in remote areas with heavy 
equipment and vehicles and difficulty 
operating chippers and other harvest-
ing equipment on uneven terrain and 
soft soils. Steep canyon walls and deep 
sand or mud can be physical barri-
ers to harvesting biomass at project 
sites in wetlands and riparian areas. 
The costs of transporting woody bio-
mass from collection site to processing 
facility (combustion site) can also be 
prohibitive. The economically viable 
distance for transportation of wood 
chips has been estimated at between 

54 and 161 km (Bilek et al. 2005), 
with an average viable transportation 
radius of up to 80 km from collection 
to combustion sites used as a general 
rule of thumb (EIA 1998). Operators 
of biomass-to-energy facilities have 
expressed concerns over the corro-
siveness of tamarisk to their machin-
ery, due to high salt content and the 
potential for elevated levels of “trash” 
(dirt and dust) in tamarisk chips, both 
of which may lead to increased main-
tenance costs for wood boiler, gasifier, 
and other wood-to-energy systems. 
Finally, in light of bark beetle out-
breaks and wildfire reduction forest 
thinning operations, some regions of 
the western U.S. enjoy a ready supply 
of softwood biomass that is easier and 
more cost-effective to utilize than 
tamarisk.

Despite these barriers, tamarisk bio-
mass utilization has the potential to 
become an important component of 
riparian restoration projects, reduc-
ing or eliminating the costs and the 
negative environmental impacts cur-
rently associated with biomass reduc-
tion. The major limiting factors to 
tamarisk biomass utilization will be 
site and project specific, and must be 
analyzed on a case-by-case basis. Field 
trials, feasibility studies, and economic 
analyses are needed to enable pioneer-
ing restorationists and land manag-
ers to incorporate tamarisk biomass 
utilization into their project plans.

Analyses of tamarisk wood proper-
ties and wood chemistry have been 
conducted over time, but method-
ology, quality, and availability of 
results are extremely varied. Baseline 
information was generated by the 
U.S. Forest Service Forest Products 
Laboratory (FPL) in 1939 and 1940, 
in a study of basic wood properties 
of Athel tamarisk (tamarix aphylla), 
including moisture content and 
bending and compression proper-
ties (Gerry 1954). More recently, the 
U.S. FPL has conducted research on 
the mechanical properties of tama-
risk wood-plastic composites, which 
included testing tamarisk wood flour 
for mineral content and water-soluble 
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be used in place of fossil fuels. Today’s 
gasifier systems can produce electric-
ity and thermal energy from a range 
of feedstocks, including hard and soft 
wood chips; biomass residues such as 
sawdust, corn stover, hay, grape skin, 
and nut shells; and waste paper and 
cardboard. The family of BioMax® 
downdraft gasifiers was developed 
by Community Power Corporation 
(CPC) in Littleton, Colorado, with 
funding from the U.S. Departments 
of Energy, Agriculture, and Defense. 
The BioMax® 25 is a renewable energy 
system that converts biomass to a 
renewable fuel gas that can then be 
converted into other forms of energy 
including mechanical, electrical, ther-
mal, chemical, or liquid fuels (CPC 
2010). The photosynthetic energy 
stored in the feedstock is converted 
to producer gas, which is cleaned and 
used to fuel an internal combustion 
engine, which in turn spins a gen-
erator producing electrical power. The 
fuel gas generated by woody feed-
stocks is typically composed of about 
20% carbon monoxide (CO), 20% 
hydrogen (H2) and 2% CH4 (CPC 
2010). 

The byproduct of biomass gasifica-
tion is a black ash, or residual char, 
which contains the original mineral 
matter of the biomass feedstock and 
some residual carbonaceous material. 
The gasification unit used in this study 
produces no smoke, and meets the 
California Air Resources Board emis-
sions standards—the most stringent in 
the United States. The byproducts and 
emissions generated by the gasification 
process may be relevant for restora-
tionists and practitioners not only on 
the basis of environmental steward-
ship, but also in terms of the economic 
and regulatory feasibility of building a 
woody biomass utilization component 
into a restoration project plan.

Sample Collection: Lessons 
Learned in the Field

We collected tamarisk biomass sam-
ples at 2 sites adjacent to the Colorado 
River near Moab, Utah. The taxa that 

Figure 1. tamarisk being chipped on-site. a gentle crosswind separates dirt and dust from 
tamarisk chips that the collection site. Photos by M. Boyle.

extractive content (Clemons and Stark 
2009). A broad range of technologies 
for converting woody biomass to heat 
and energy have been developed, but 
information is needed on how green 
and beetle-killed tamarisk, in particu-
lar, will perform as feedstocks for these 
technologies. The general consensus is 
that tamarisk could be utilized in the 
same manner as other woody biomass 
in gasifiers, combined heat/power sys-
tems, or other “burn” systems, such 

as pellet stoves (Next Earth 2007). 
Sustainable Communities (2006) con-
ducted a study on the conversion of 
tamarisk wood to charcoal, but to the 
best of our knowledge no information 
on beetle-killed tamarisk—as com-
pared to green (live) tamarisk—con-
version to energy is currently available 
in the literature.

Gasification is the conversion of a 
carbon-rich material, or feedstock, to 
a combustible synthesis gas, which can 
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comprise the majority of invasive tam-
arisk in this region and across western 
North America are saltcedar (tama-
rix ramosissima), five-stamen tamarisk 
(t. chinensis), and t. ramosissima × 
t. chinensis hybrids (Shafroth et al. 
2008). Although genetically distinct, 
the 2 species are difficult to distinguish 
morphologically. Genetic analysis 
confirms a high rate of hybridization 
and indicates that a large percentage 
of invasive tamarisk in the U.S. is a 
part of one continuum between the 
2 parental types (Gaskin and Kazmer 
2009).

We chose collection sites based on 
availability of green (live) tamarisk, 
as well as standing dead tamarisk that 
has been impacted by the tamarisk 
leaf beetle. Both sites had the advan-
tage of easy road access for crews and 
equipment. Site 1 was a dense mono-
culture of green tamarisk on private 
property, roughly 1.62 ha in size, on 
a floodplain adjacent to the Colorado 
River, north of Moab, Utah. Site 2, a 
potash mine adjacent to the Colorado 
River, was one of the first tamarisk 
leaf beetle release sites in the vicinity 
of Moab, Utah.

Green, stressed, and dead tama-
risk were present at Site 2, with large 
quantities of beetle-killed tamarisk 
available for collection. Although it is 
difficult to pinpoint the exact point of 
biocontrol-impacted tamarisk mortal-
ity, a rough estimate can be formed 
in this case, based on the dates of the 
original beetle release here and the 
first observations of tamarisk mor-
tality at the site. The tamarisk leaf 
beetle was first released at the Potash 
Mine site in August of 2004, initi-
ating repeated defoliations followed 
by tamarisk refoliation over multiple 
seasons. Grand County Weed Manag-
ers report the first observed tamarisk 
mortality (absence of refoliation) in 
2008 (Higgs 2011), so the stems felled 
and chipped for our sample had most 
likely been dead and drying for 1 to 
2 years.

We chose to employ hand clearing 
at Sites 1 and 2, as opposed to mecha-
nized removal with heavy machinery. 

Hand clearing results in less soil dis-
turbance than mechanized removal 
and is useful where existing native veg-
etation is established because workers 
can discriminate between native and 
non-native vegetation, leaving native 
plants intact. A professional, 3-person 
clearing crew used chainsaws to fell 
and buck the trees and a chipper to 
convert the material to chips of 3.8 
to 6.4 cm in size. Initially, we used a 
15.2-cm diameter, gasoline-powered 
Vermeer chipper at Site 1, but this 
chipper generated a shredded mulch 
that can cause jams as it is fed into a 
downdraft gasifier. A larger-diameter, 
30.5 cm diesel-powered, Vermeer 
chipper generated the correct chip 
size, and it processed the tamarisk 
significantly faster, allowing the crew 
to work more efficiently overall. The 
larger-diameter chipper was also more 
economical, using 3.8 L of diesel fuel 
per hour, as opposed to the smaller-
diameter chipper, which used roughly 
6.4 L of gasoline per hour. With the 
chipper running approximately 1 hr at 
each site, the crew generated 274.9 kg 
of green tamarisk chips and 225 kg of 
beetle-killed tamarisk chips at Sites 1 
and 2, respectively. The dry weight of 
the 2 samples was almost identical.

One of the major barriers to tamarisk 
biomass utilization identified by land 
managers who have piloted biomass-to-
energy projects is difficulty producing 
“clean” (free of dust or soil) chipped or 
shredded woody material (Next Earth 
2007). Dust, dirt, and other trash can 
cause ash fusion when combusted in 
wood boilers or gasified. At both sites, 
we found that a light crosswind effec-
tively separated dust from the chips 
as they were blown out of the chipper 
into piles (Figure 1). More particulate 
matter was removed from the samples 
during screening at CPC, prior to 
gasification. Chips were collected in 
heavy-duty, clear plastic bags, sealed 
with duct tape, and separately labeled. 
Each bag contained approximately 
27–32 kg of chipped material. The bags 
were secured to pallets and shipped to 
CPC in Littleton, Colorado, for drying, 
screening, and gasification.

Sample Preparation and 
Preliminary Analysis

At CPC, initial moisture content was 
measured for both samples, and a 
vibrating screener was used to sepa-
rate samples into size categories. The 
sample of beetle-killed tamarisk had 
an initial moisture content of 16%, 
which was sufficiently low for gasifi-
cation without further drying. How-
ever, the screening process resulted in 
additional moisture loss, bringing the 
moisture content to measured values 
of 9.4% and 11.4% before gasifica-
tion. The initial moisture content of 
the green sample was more variable, 
with 3 measured values of 24.7%, 
29.7%, and 32%. The green chips 
were air dried at the testing facility for 
3 days, reducing the moisture content 
to 9% before gasification.

Beetle-killed and green samples 
contained nearly identical percentages 
by weight of “overs” (chips that were 
too large to be used in the BioMax), 
but the beetle-killed sample contained 
a larger percentage of “unders” (chips 
that were too small to be used in the 
BioMax). Consequently, the green 
sample contained nearly 10% more 
usable chips than the beetle-killed 
sample. The percentage of usable frac-
tions by weight can be influenced by 
the condition of the biomass when 
harvested, chipper make and model, 
and the condition and positioning of 
chipper blades.

Before being tested in the gasifier, 
we sent representative samples of both 
beetle-killed and green tamarisk to 
Hazen Research, Inc. for elemen-
tal and constituent analyses, and to 
measure heating values and ash fusion 
temperatures. Ash fusion at high tem-
peratures is desirable in a biomass 
feedstock, as ash fusion at lower tem-
peratures, referred to as “clinkering,” 
causes gas-flow problems through 
the gasifier grate and requires regular 
maintenance.

Table 1 lists results of the prelimi-
nary analysis of both samples. Results 
from analysis of a third sample, com-
posed of mixed softwood chips, are 
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table 1. Results of preliminary analysis of dead tamarisk, green tamarisk, and mixed softwood samples: ultimate 
and proximate analyses, higher heating value (hhV) and lower heating value (lhV) in MJ/kg and Btu/lb, sodium 
and potassium content, ratio of sodium to potassium, and ash fusion temperatures.

test Parameter Dead tamarisk Green tamarisk Mixed softwood chips 5/18/10
Feedstock Proximate analysis

Ash, %
Volatile, %
Fixed C, %
Total, %
Sulfur, % 

3.55
85.44
11.01

100.00
0.716

2.99
85.99
11.02

100.00
0.608

0.86
86.83
12.31

100.00
0.006

Feedstock Ultimate analysis

Carbon, %
Hydrogen, %
Nitrogen, %
Sulfur, %
Ash, %
Oxygen, % (by difference)

49.46
5.39
0.23
0.72
3.55

40.65

49.69
5.50
0.19
0.61
2.99

41.02

52.32
6.35
0.32

<0.01
0.86

40.15

Feedstock heating Value
HHV, MJ/kg (Btu/lb)
LHV, MJ/kg (Btu/lb) 

18.28 (7861)
17.11 (7355)

19.07 (8200)
17.87 (7684)

19.6 (8400)
18.1 (7804)

Water-soluble alkalies

Sodium as Na2O, %
Potassium as K2O, %
Na2O / K2O w/w

0.331
0.279
1.186

0.243
0.205
1.185

0.0076
0.068
0.112

ash Fusion temperature softwood Pellets 2/20/06
Reducing Atmosphere
 Initial, °C (°F)
 Softening, °C (°F)
 Hemispherical, °C (°F)
 Fluid, °C (°F)
Oxidizing Atmosphere
 Initial, °C (°F)
 Softening, °C (°F)
 Hemispherical, °C (°F)
 Fluid, °C (°F) 

1396 (2544)
1404 (2560)
1413 (2575)
1417 (2583)

1327 (2420)
1331 (2428)
1343 (2450)
1349 (2460)

1427 (2601)
1435 (2615)
1439 (2623)
1444 (2631)

1389 (2532)
1400 (2552)
1404 (2560)
1410 (2570)

1207 (2204)
1215 (2219)
1221 (2229)
1231 (2247)

1232 (2249)
1235 (2255)
1244 (2271)
1247 (2277)

included to provide a basis for com-
parison. The mixed softwood chip 
sample was harvested in the Rocky 
Mountain region, but information 
on species composition and condi-
tion when harvested (dead or green) 
was unavailable for this sample. For 
comparative purposes, Table 2 pro-
vides ultimate and proximate analyses 
of pure samples of ponderosa pine 
(Pinus ponderosa), lodgepole pine 
(Pinus contorta), and white fir (abies 
concolor) (ECN 2011), alongside the 
CPC mixed softwood sample. Values 
for these 3 species are fairly consistent 
with the CPC mixed softwood sample 
of unknown species.

The net heat of combustion, or 
lower heating value (LHV), is the 
quantity of heat liberated by the 
complete combustion of one unit of 

a substance, under conditions such 
that all water in the products remains 
in the form of vapor and the latent 
heat of vaporization is not recovered. 
In our study, the LHV indicates the 
amount of heat produced by gasifica-
tion of tamarisk, when the moisture 
in the flue gasses produced remains 
as a vapor. In contrast to LHV, the 
gross heat of combustion, or higher 
heating value (HHV), is obtained by 
complete combustion of one unit of 
a substance, where all products are 
cooled to their pre-combustion tem-
perature, water vapor is condensed, 
and the latent heat of vaporization is 
recovered. The beetle-killed tamarisk 
sample had an LHV of 7,355 Btu/lb, 
and the green tamarisk had an LHV 
of 7,684 Btu/lb, both of which are 
comparable with the 7,804 Btu/lb 

of the softwood sample, but reflect a 
higher ash content.

Ash contents for beetle-killed and 
green samples were 3.55% and 2.99%, 
respectively, while the ash content of 
the softwood sample was only 0.86% 
(Table 1). Ash content of tamarisk 
was 3–4 times higher than that of 
the softwood sample. Much of this 
increase in ash content is likely due 
to the elevated sodium and potas-
sium content in the tamarisk samples, 
0.331% and 0.297%, respectively. The 
ratio of sodium to potassium for the 
tamarisk samples was unusually high 
and remarkably consistent at 1.185 
and 1.186, compared to the sample of 
softwood chips at 0.112. Ash fusion 
temperatures for the tamarisk sam-
ples were 95°C–220°C higher than 
the softwood sample, so formation of 
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clinkers during gasification at lower 
temperatures is not expected. How-
ever, the higher ash content in the 
tamarisk samples has the potential 
to form more undesirable clinkers if 
localized hot spots are present in the 
gasifier. Ash content and HHV from 
our preliminary analysis are consistent 
with analyses of charcoals produced 
from tamarisk and 5 other woody spe-
cies, where the tamarisk charcoal was 
reported to have a higher ash con-
tent and a lower HHV than the char-
coal produced from ponderosa pine 
(Sustainable Communities 2006).

Green tamarisk had higher heating 
values and lower ash content than the 
beetle-killed tamarisk on a dry wood 
basis. This suggests that the wood of 
the tamarisk killed by repeated defolia-
tion lost significant mass and heating 
value. If the ash content is assumed to 
have been the same in the 2 tamarisk 
samples while alive, then the trees lost 
15.8% of their mass during dying and 
in the years after their death. If we 
further assume that the energy content 
in the wood from the trees at Sites 1 
and 2 was initially identical, then an 
energy balance suggests that the LHV 
of this missing mass is 9,437 Btu/lb. 
The beetle-killed tamarisk apparently 
lost 19.4% of its energy while dying 
and aging.

Gasification

The 2 tamarisk samples were gasified 
separately at CPC, using the open-
top research BioMax® 25 gasifier. The 
producer gas made from our tamarisk 
samples was used to fuel a research-
configured, 4.3L, 4-cylinder, GM 
Vortec–powered engine/genset. Pro-
ducer gas composition was monitored 
with a NOVA Model 7900P5, which 
analyzed the gas for O2, CO, CO2, 
CH4, and H2.

A total of 152.36 kg of beetle-killed 
tamarisk chips were fed into the feed 
hopper over a period of 5 hr and 42 
min. The quality of the producer gas 
from this sample was good, having a 
thermal energy content of 95.7 kW 
(Table 3). The average electrical power 

table 2. comparative ultimate and proximate analyses of pure (not mixed) 
softwood species and the cPc mixed softwood chip values from table 1: 
higher heating value (hhV) and lower heating value (lhV) in MJ/kg and 
Btu/lb. Values for single-species softwood samples are consistent with 
values for the mixed softwood sample. Pure species data courtesy of ecN 
(2011). 

Feedstock
test Parameter

Dry  
Ponderosa 

Pine*

Dry  
lodgepole 

Pine*

Dry  
White  

Fir*

Mixed 
softwood

chips 5/18/10

Proximate analysis

Ash, %
Volatiles, %
Fixed Carbon, %
Total, %
Sulfur, %

0.3
82.5
17.2

100.0
0.03

4.7
60.6
34.7

100.0
Not detected

0.3
83.2
16.5

100.0
0.01

0.86
86.83
12.31

100.00
0.006

Ultimate analysis

Carbon, %
Hydrogen, %
Nitrogen, %
Sulfur, %
Ash, %
Oxygen, % (by difference)

49.3
5.99
0.06
0.03
0.3

44.4

51.1
5.91
0.1

Not Detected
4.7

38.2

49
5.98
0.05
0.01
0.3

45.0

52.32
6.35
0.32

<0.01
0.86

40.15

heating Value
HHV, MJ/kg (Btu/lb)
LHV, MJ/kg (Btu/lb)

20.0
18.7

18.9
17.5

19.9
18.6

19.6 (8400)
18.1 (7804)

generated by the engine/genset fueled 
by the gas was 24.2 kWe.

Based on the LHV from prelimi-
nary testing (Table 1) and an average 
feeding rate of 22.3 kg of chips per 
hour into the gasifier, the average ther-
mal energy input into the gasifier was 
106 kW. This results in an apparent 
conversion of 90% of the wood energy 
into producer gas—about 10 percent-
age points higher than expected, based 
on results from gasification of other 
woody feedstocks tested at CPC. The 
efficiency of conversion of the ther-
mal energy in the beetle-killed wood 
to electricity was equal to or greater 
than 22.9%.

A total of 151 kg of green tamarisk 
chips were fed into the feed hopper 
over a period of 6 hr and 41 min. The 
quality of the producer gas from the 
green sample was also good, with a 
thermal energy content of 90.1 kW. 
The average electrical power generated 
by the engine/genset fueled by the gas 
was 24.6 kWe.

Based on the LHV from prelimi-
nary testing (Table 1), and an aver-
age feeding rate of 19.6 kg (43.2 lbs) 

per hour, the average thermal energy 
input into the gasifier was 97.3 kW. 
This results in an apparent conversion 
of 92.6% of the wood energy into 
producer gas—about 13 percentage 
points higher than expected. The effi-
ciency of conversion of the thermal 
energy in the green tamarisk wood to 
electricity was 25.3%. By compari-
son, the efficiency of conversion of the 
thermal energy in the softwood sample 
was only 23%.

Both green and dead tamarisk chips 
were excellent fuels for gasification in 
the BioMax® 25 gasifier. In these tests, 
the energy efficiency of the conversion 
of wood to producer gas was extremely 
efficient for tamarisk, compared to the 
softwood data. Part of this increase 
in efficiency can be explained by the 
apparently more complete gasification 
of the char. The yield of char from the 
tamarisk samples was almost the same 
as the ash content, while analysis of 
the char from the softwood sample 
found that it still contained about 
50% combustible material.

The yield of producer gas from the 
tamarisk samples was slightly lower 
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than from the softwood sample, but its 
composition was much richer in CO 
and CH4 (Table 2), resulting in higher 
heating values and overall energy con-
version (higher efficiency of conver-
sion). The lower moisture content of 
the tamarisk samples when gasified, 
compared to the softwood sample, 
resulted in lower system energy losses 
required to evaporate it, which resulted 
in a producer gas with higher energy 
content. The higher moisture content 
of the softwood is thought to have 
contributed to its lower efficiency of 
conversion to energy in the producer 
gas, as the heat required to vaporize 
moisture was not recovered.

Testing the Byproducts 
of Gasification

The byproducts of gasification of green 
tamarisk—coarse and fine residual 
char/ash—were sent to Accutest Lab-
oratory for pH testing, as well as the 
Environmental Protection Agency’s 

(EPA) Toxic Characteristic Leachate 
Procedure (TCLP) SW-846 1311. The 
TCLP helps identify wastes likely to 
leach concentrations of contaminants 
that may be harmful to human health 
or the environment (USEPA 2009). 
TCLP analysis was used to test our 
residual material for traces of 8 heavy 
metals: arsenic, barium, cadmium, 
chromium, lead, mercury, selenium, 
and silver. This analysis revealed trace 
levels of barium (2.2 mg/L) and sele-
nium (0.029 mg/L), but neither sample 
contained heavy metals in concentra-
tions that approached the EPA’s regula-
tory limits of 100 mg/L and 1.0 mg/L, 
respectively (EPA 2010). The pH values 
were high, as is normal for wood ash, 
with the coarse char having a pH value 
of 11.91 and the fine char a pH value 
of 12.35. These high pH values indicate 
the value of this residual material as a 
liming fertilizer to amend acidic soils 
and are probably due to sodium, potas-
sium, and calcium carbonates present 
in the chars.

table 3. comparative performance data for gasification of beetle-killed tamarisk chips, green tamarisk chips, and 
mixed softwood chips: conversion efficiencies; yield of producer gas in normal cubic meters per kilogram (Nm3/kg)  
(a metric expression of gas volume); producer gas composition; lhV in MJ/Nm3; producer gas thermal energy 
content; electrical power generated by each producer gas when powering the engine/genset; and char yield as a 
percentage by weight. Note: conversion efficiency calculations were based on net feed (the amount of wood actually 
fed into the gasifier), not on gross amount of material received from the field, which included “unders” and “overs.”

Performance Parameter Beetle-Killed  
tamarisk  
152.36 kg  
(335.9 lbs)

Green  
tamarisk
151 kg  

(333 lbs)

Mixed  
softwood

conversion efficiencies
Dry wood to producer gas, % energy efficiency
Dry wood to electricity, % energy efficiency

90.4
≥ 22.9

92.4
25.3

82.9
23.0

Yield
Amount of producer gas generated per kg of wood chips, Nm3/kg 3.00 3.03 3.22
Producer Gas composition (dry basis) 

O2, vol %
CO, %
CO2, %
CH4, %
H2, %
N2, %

0.2
24.1
12.1
3.8

16.5
42.3

0.4
24.0
9.6
3.3

16.5
46.2

0.6
19.5
10.6
2.4

16.3
50.6

Net heat of combustion (lhV) of Producer Gas 
Dry basis, MJ/Nm3

Wet basis, MJ/Nm3

6.20
5.64

5.98
5.43

5.06
4.65

Producer gas thermal energy content, kW 95.7 90.1 82.6
Avg. electrical power generated, kWe 24.2 24.6 23.2
Ash, wt% (from Table 1) 3.55 2.90 0.86
Char yield, wt% 2.66 3.10 3.44

Summary and Discussion

Both green and dead tamarisk chips 
performed well as fuels for gasifica-
tion in the BioMax® 25 gasifier. In 
these tests, tamarisk appeared to per-
form more efficiently than softwood 
as a fuel for gasification, due to more 
thorough gasification of the tamarisk 
char. This difference in gasification 
efficiency was also due to higher mois-
ture content in the softwood tested. 
The engine/genset was equally efficient 
with producer gas from tamarisk or 
softwood samples.

A downdraft gasification system 
installed at a municipal building, 
school, or other such facility, in close 
proximity to an ongoing riparian res-
toration project site, could provide 
both power and heat to the host facil-
ity. In addition, the significant costs of 
landfilling or fire mitigation planning 
could be eliminated, and that portion 
of the project budget allocated to other 
components of the restoration plan. 
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The host facility would benefit from 
energy savings, and rebate incentives 
at the federal and state levels, where 
available, could help to offset the cost 
of system purchase and installation. 
When the local supply of tamarisk is 
exhausted, a wide range of alternative 
feedstocks can serve as fuel for the gas-
ification unit, including nonrecyclable 
office or cafeteria waste generated by 
the host facility. Additional factors 
conducive to a successful tamarisk gas-
ification project might include a large 
quantity of tamarisk being removed 
over time, high regional energy costs, 
and utility company participation. 
As an alternative, a public land man-
agement agency involved in tamarisk 
removal in multiple areas might con-
sider a portable gasification unit. In 
response to costs associated with bio-
mass transportation, manufacturers 
have begun making smaller, modular, 
portable gasification units.

When viewed in the context of 
power generation, the data strongly 
suggest that significantly more energy 
can be recovered from green tama-
risk than dead tamarisk. Based on 
the higher ash content of the dead 
tamarisk, it appears that 15.8% of 
the dry weight containing 19.4% of 
the energy of the wood was lost. In 
addition, the chipping of dead tama-
risk wood produced 10% less usable 
woodchips, compared to the higher 
usable yield from green tamarisk. In 
combination, these data suggest that 
harvesting the tamarisk while green 
will result in 37% more energy recov-
ery, compared to harvesting the same 
tamarisk after it has succumbed to 
repeated defoliation and the standing 
dead biomass has aged and dried. We 
recommend that additional testing 
be conducted with green and dead 
samples from a range of sites in mul-
tiple geographic regions to verify this 
conclusion.

On the other hand, when these 
findings are viewed in the context of 
ecological restoration, this informa-
tion has implications for a broad range 
of planning and management deci-
sions based on short- and long-term 

management objectives and would 
need to be evaluated on a site by site 
basis. Implications of higher energy 
recovery from green (live) tamarisk 
woody biomass vs. dead can vary as 
widely as project objectives and land 
management mandates, which range 
from wildlife habitat improvement, to 
wildfire prevention, to enhancement 
of ecosystem functions.

Conclusion

While tamarisk removal efforts in the 
southwestern U.S. continue and the 
tamarisk leaf beetle increases its range, 
finding alternative uses for tamarisk 
becomes an increasingly important 
factor in riparian restoration efforts. 
Finding productive uses for the 
unwanted tamarisk can help to offset 
costs of hauling biomass to landfills 
and eliminates the need to burn tama-
risk on site, which can result in costly 
fire-mitigation planning, unintended 
spread of wildfire, and the release 
of smoke, ash, and carbon into the 
atmosphere.

As new information on utilizing 
non-native, invasive species for con-
version to energy becomes available, it 
is imperative that restorationists con-
tinue to emphasize the importance of 
placing biomass reduction (harvest-
ing) within the context of a larger, 
comprehensive ecological restoration 
plan. Removing large quantities of 
biomass without site assessment, a 
comprehensive project plan, regula-
tory compliance measures, sufficient 
funding, and community and stake-
holder involvement, where possible, 
could result in serious negative envi-
ronmental impacts. Site conditions 
and project objectives vary widely, 
but a restoration plan that includes 
revegetation with native species and 
ongoing monitoring and maintenance 
has a higher likelihood of successfully 
re-establishing diverse riparian plant 
communities.

Although the results presented here 
comprise only a small piece in a larger 
puzzle of logistical and economic chal-
lenges, we hope to provide some useful 

information on the process of tamarisk 
biomass collection and the value of 
tamarisk as a fuel for downdraft gasifi-
cation. In a broader sense, before bee-
tle-impacted tamarisk removed from 
restoration sites can be viewed as a 
resource rather than waste, its value as 
a fuel for energy production must be 
clearly demonstrated by a substantial 
body of field trials, research, and eco-
nomic analysis. Our findings indicate 
that there is potential for converting 
this negative value waste material into 
an energy-generating resource. Finan-
cial analyses specific to the utilization 
of tamarisk removed from riparian 
areas and research detailing the overall 
energy balance of tamarisk-to-energy 
projects would make valuable contri-
butions to this field and to the limited 
body of information that is currently 
available.
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