
technologies to industry-something SERI 
was doing long before technology transfer 
became the policy fashion, says Dallas Mar- 
tin, NREL's technology transfer manager. 
Since 1991, the pace has picked up with the 
signing of a dozen Cooperative Research and 
Development Agreements (CRADAs), 
which are cost-shared collaborations between 
government labs and industrial Dartners. - 

The first of them may be the closest to 
commercial viability. Under the agreement, 
with the New Energy Company (NEC) of 
Indiana Inc., the second-largest U.S. ethanol 
producer, NEC expects this year to flick on 
the switch of a pilot plant that will convert 
corn into ethanol using NREL-developed 
improvements on a process called simulta- 
neous saccharification and fermentation 
(SSF). SSF relies on fungi-derived enzymes 
called cellulases. which break the corn's cel- 
lulose into sugars. The sugars in turn are fer- 
mented into ethanol bv the biochemical 
machinery of yeast cells. 

Because the improved process fan con- 
vert previously inaccessible cellulosic fiber in 
the kernels, it could increase NEC's ethanol 
yield from its current 2.55 gallons per bushel 
of corn to about 3.30 gallons per bushel. That 
should bring the price of ethanol down to 
$1.27 a gallon, says Charles Wyman, director 
of NREL's alternative fuels division. another 
step closer to the 67 cents a gallon that would 
make it competitive with gasoline. "In 1980, 
we would have had to sell ethanol for $3.60 
per gallon," Wyman says. "We're not far 
awav." 

In spite of that kind of progress, the labo- 
ratory still hasn't spawned a stand-alone, eco- 
nomically viable industrial infrastructure 
based on alternative energy, 16 years after its 
founding. That failure results not from a lack 
of viable technologies, Sunderman argues, 
but from the lack of enough funding to build 
~ i l o t  ~ l a n t s  that would achieve economies of . . 
scale and demonstrate the competitiveness 
of renewable energy. Adam Heller, a chemist 
at the University of Texas, Austin, who has 
visited the lab many times since its founding, 
agrees. Given NREL's achievements in wind 
energy and photovoltaics, Heller thinks the 
appeal of its technologies would be clear if 
they could be displayed on a larger scale. 

Sunderman is eager to have a larger can- 
vas. In April, he made a pitch to the Senate 
Subcommittee on Renewable Energy, Energy 
Efficiency and Competitiveness to recom- 
mend up to $275 million over the next 5 
years for NREL-led industry-building initia- 
tives in wind energy, biofuels, and photovol- 
taics. That's chutzpah in a time of national 
belt-tightening. But this time around, he 
hopes the government will see the wisdom of 
steady support. Says Sunderman: "People at 
NREL are out to solve the world's energy 
problem for all times." 

-Ivan Amato 

Wetlands Trading Is a Loser's 
Game, Say ~cologists 
I n  the early 1980s a grow- 
ing number of conserva- 
tionists and regulatory 
officials thought they saw 
a wav to reconcile devel- 
opers' hunger for land 
with the need for envi- 
ronmental protection: 
Use the fledgling science 
of ecological restoration 
and creation to replace 

lina Botanical Garden. In 
mitigation, he and oth- 
ers agree, a priceless origi- 
nal is all too often bar- 
gained away for a cheap 
counterfeit. "It is not > 
fair trade," says White. 

In the early 1980s, 
however, mitigation 
looked like a promising 
wav to resolve a stubborn 

the lands being devoured Hard to please. A wetlands denizen, impasse. Environmental 
by development. Corn- the light-footed clapper rail. groups and, increasingly, 
pensatory mitigation, as the public were coming 
this approach became known, promised a way to view wetlands not as marginal land to be 
to have your K-mart and your wetland, too. "improved" but as crucial habitat for plant 
You want to build a new mall here, on top of and animal species (many endangered), a 
this salt marsh? No ~roblem. the new reason- buffer for storm tides. and a natural water 
ing went; just create a new marsh on another 
stretch of coast. Your highway will disrupt 
the habitat of an endangered bird? No sweat, 
just move the bird to a new ecosystem built 
conveniently out of the way. 

Sounds great, but 10 years later, after thou- 
sands of mitigation projects, that supposedly 
scientific fix seems more like smoke and mir- 
rors than a panacea. Many mitigation projects, 
the vast majority of which have been at- 
tempted in wetlands, don't work, or at least 
don't work well. "Most mitigation stories read 
like horror stories," says Ken Berg, chiefbota- 
nist for the California State Office of Land 
Management. Some restored or created wet- 
lands literally disappear-2 or 3 years after 
completion, a marsh may be little more than 
a dry pit used by off-road vehicles. Others 
persist but bear little resemblance to natural 
wetlands. Still others are close mimics. with 
look-alike vegetation, but fail to support the 
birds or endangered plants they were intended 
to preserve. All told, says Michael Bean, a 
lawyer with the Environmental Defense Fund 
(EDF), wetlands mitigation has been "well 
short of a smashing success." 

Part of the problem, ecologists say, is that 
developers often don't keep up their end of 
the bargain: Many of these mitigation projects 
aren't completed according to the plans filed 
with government agencies-and many aren't 
even started, according to a recent study by 
the Environmental Protection Agency (EPA) 
scientists. And when the projects do get un- 
der way, the practitioners often find them- 
selves humbled by the difficulty of mimick- 
ing natural systems. No one knows a sure way 
to assemble a functioning ecosystem from its 
components, at least with any reliability, ad- 
mits Peter White, director of the North Caro- 

purification system. At the same time, devel- 
opers were finding that many of the most 
tempting sites for new housing or shopping 
centers were wetlands that had been over- 
looked in earlier tides of development. 

Restraining the developers was Section 
404 of the Clean Water Act, which since the 
late 1970s has forbidden the filling of wet- 
lands without a permit. The act requires ap- 
plicants to avoid damaging wetlands if pos- 
sible, and to minimize or mitigate any un- 
avoidable loss. At first, "mitigation" usually 
meant minimizing the impacts by modifying 
the project's design or time of construction. 

NO net loss. Before long, however, that 
approach was losing favor. As EDF's Bean 
recalls, environmentalists realized that even 
though some wetlands were being protected 
as others were developed, the overall result 
was a net loss-and by the early 1980s more 
than half the wetland area in the contiguous 
United States was already gone. Developers, 
meanwhile, chafed at the slow permit pro- 
cess, and the Reagan Administration was 
eager to help them. In 1981 President Rea- 
gan's Task Force on Regulatory Relief tar- 
geted Section 404 with the goal of getting 
the Army Corps of Engineers to issue more 
permits faster. 

The answer seemed to lie in a little-used 
style of mitigation, according to William 
Kruczynski, who was at EPA at the time: the 
restoration or creation of an equivalent wet- 
land either on or off site. Ecologists and con- 
servationists were reporting some success in 
restoring vanished ecosystems (see box). As 
developers destroyed some wetlands, it 
seemed, others could be resurrected by re- 
moving dikes or drainage tiles from reclaimed 
land and letting nature take its course. Or a 
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new wetland could be created by bulldozing 
uplands to wetland elevations, altering the 
hydrology-water flow and drainage-to 
mimic that ofa natural system, and transplant- 
ing wetland species. If an existing ecosystem 
could be replaced or relocated, then why drag 
out the permit process with worries about 
minimizing the impact of a development? In 
1988, at the National Wetlands Policy Fo- 
rum, scientists and environmentalists as well 
as representatives from government and busi- 
ness embraced the strategy, and it was en- 
shrined as the "no net lossn policy of then- 
presidential candidate George Bush. 

If this "win-win" scheme has failed to live 

up to expectations, it's not for want of trying. 
As restoration became a shortcut to getting a 
permit for wetlands development, the num- 
ber of mitigation projects has soared. But 
unlike the "puren experiments in ecological 
restoration now under way, which are driven 
both by scientific curiosity and a desire to 
conserve natural lands, these mitigation 
projects are economically and politically 
driven. As Berg says, "The political objec- 
tives don't always mesh with the biological 
needs of the ecosystem, a d  the time frame 
doesn't often allow.. .thorough, biology-based 
design, monitoring, and remediation." 

Developers contract the job of designing 

and constructing wetlands restoration to a 
growing industry of consultants, most of 
whom have never "designedn a wetland be 
fore anddon't know how, says Edgar Garbisch 
president of Environmental Concern Inc. u 
St. Michaels, Maryland. "A lot of inexperi 
enced people are doing design and construc 
tion work," says Garbisch, one of a smal 
number of highly respected consultants u 
the field. Plans often give little attention tc 
the hydrology of the created site-the mos 
crucial factor in successful wetlands restora 
tion, he says. Vegetation plans, too, are o k  
slipshod. Agency officials, meanwhile, oftex 
lack the expertise to catch obvious mistakes 
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says Garbisch. Executed by constructioncrews 
who often go unsupervised, says Mary E. Ken- 
tula, head of EPA's Wetlands Research Pro- 
gram in Cowallis, Oregon, these flawed de- 
signs can lead to projects that look more like 
swimming pools than the gently sloping 
marshes found in nature. Post-construction 
monitoring is also rare, says Kentula. 

In one of the first comprehensive analyses 
of mitigation-a 5-year study to see how re- 
stored and created wetlands stack up against 
natural ones-Kentula and her colleagues 
uncovered another failing: Not only were 
the designs themselves inadequate, with poor 
specifications for hydrology or vegetation, 
but often they simply weren't followed. In 
Oregon, in fact, none of the projects she 
surveyed was built as specified on the permit. 
All in all, Kentula and her colleagues con- 
cluded, wetland projects are "fundamentally 
different" from the wetlands they are intended 
to replace, and indeed, from other natural 
wetlands in the same region. The most com- 
mon type of created wetland they found- 
indeed, the only wetland type that is increas- 
ing in acreage in the country-is an open 
water pond with a fringe of wetland vegeta- 
tion. In Oregon, for instance, though no natu- 
ral ponds were affected by development, 23% 
of created wetlands were ponds, says Ken- 
tula-because they are easy to build. 

But even if mitigation were done prop- 
erly, with the best ecologists designing the 
projects and the construction meticulously 
supervised, would it work? The answer 
depends on the definition of success- 
and that varies with the scientific and 
political bent of the definer. To some, 
says Kentula, "Success means, 'Did you 
do whatever is in the contract!'To oth- 
ers it is, 'Give me back exactly what I 
think I lost."' Garbisch defines success 
as hydrology and vegetation that per- 
sists over time: Kentula and other ecolo- 
gists view it as restoring an ecosystem to 
natural or near-natural functions. 

If the goals are relatively modest, 
most practitioners would agree that 

create or restore [endangered-species habi- 
tat] is very low," says Joy Zedler, director of 
the Pacific Estuarine Research Laboratory at 
San Diego State University. 

No going back. Zedler should know, for 
she has been butting her head against that 
problem for the past 4 years on a restored 
wetland in San Diego Bay, within the Sweet- 
water Marsh National Wildlife Refuee. The ., 
restored wetland was conceived as part of a 
compensation deal after the California De- 
partment of Transportation got the go-ahead 
to widen Interstate 5-a project that dam- 
aged a cordgrass marsh and jeopardized two 
endangered birds, the light-footed clapper 
rail and the least tern. In 1984, following a 
suit by the Sierra Club and the League for 
Coastal Protection under the Endangered - 
Species Act, a federal court imposed some of 
the toughest criteria yet on a mitigation 
project: restore a marsh to provide habitat for 
the two endangered birds and an endangered 
plant, the salt marsh bird's beak. 

But by 1989 there was still no sign that 
the clapper rail was nesting in the new marsh, 
says Zedler, who was called in to see what was 
wrong and figure out how to fix it. The 
cordgrass marsh looked fine, and judging by 
the usual structural criteria-for instance. 
water level and plant composition-the 
project could be considered a success. So why 
wouldn't the clapper rail nest there? Zedler 
and her colleagues identified at least one key 
missing factor: By comparing this site to a 

but in terms of providing the functions of an 
ecosystem, it is not working 9 years after it 
was built. And it is not on a trajectory to 
natural improvement. It seems to be stuck," 
says Zedler. She thinks her experience points 
to questions that need to be answered before 
any restored wetland will be able to duplicate 
the functions of a natural one. 

Perhaps the biggest gap is in the under- 
standing of the interaction of soil, surface 
water, and groundwater on which the ecosys- 
tem depends. Getting it right, says Zedler, is 
"a crap shoot." And-while it's easy to figure out 
which plants to bring in, where to put them- 
specifically, at what elevation-is not so clear. 
Planting them a few inches too high or too 
low, in relation to the tidal regime, can spell 
death to a newly introduced plant population. 

In spite of the challenges, Zedler and other 
critics are not ready to abandon compensa- 
tory mitigation, even if that were a realistic 
option, for they still see somewhere within it 
the outlines of a valuable conservation tool. 
Says Berg: "I am a strong supporter of mitiga- 
tion-not in terms of what it is but what it 
might become." Getting the practice to the 
point where it is actually a fair trade will 
require both more science and stricter stan- 
dards, they say. As a first step, concluded a 
National Research Council committee on 
wetland restoration on which Zedler served, 
"Wetland restoration should not be used to 
mitigate avoidable destruction of other wet- 
lands until it can be scientifically demon- 

strated that the replacement ecosystems 
are of equal or better functioning." 

A better course, says Berg, is compre- 
hensive land-use planning, in which lo- 
cal, state, and federal governments work 
together to steer developers away from 
sensitive lands and direct them to better 
sites. Perhaps most important, say 
Kentula and others, is that "the decision 
of whether to permit the destruction of a 
wetland.. .be based on whether we can 
afford to lose that system, not whether 
we can replace it." Compensatory miti- 
gation should be the last resort, and must - - 

they canoftenbe met. For instance, it's The best intentions. Restoring a wetland in Sari Diego Bay. be based on the best available science. 
a cinch to design habitat for certain wa- Kentula, Berg, and others also advocate 
terfowl, since there is now lots of experience natural one nearby, they realized that the strict, agreed-upon standards to judge suc- 
in doing so and mallards aren't particular. cordgrass had not achieved its full height, cess, long-termmonitoring,perhapsby agov- 
And it's straightforward to design a wetland and the clapper rail needs tall grass so its ernment agency or private group, and a com- 
that helps buffer floods, says Kentula, be- nests can float when the tide rises. mitment by developers to make mid-course 
cause the right topography is easy to create. Through extensive research she traced corrections when needed-what Zedler calls 

But if the goal is to mimic closely the that problem to inadequate nitrogensupplies, "adaptive management" of the ecosystem. 
functions of the original ecosystem, as many which she laid in turn to sandy soils. Zedler When compensatory mitigation does end 
ecologists believe it should be, then the job is and her students increased the frequency of up as part of the deal, says EDF's Bean, the 
much tougher. Says Berg: "We are learning nitrogen fertilization, but 3 years later the regulatory agencies should require, whenever 
that restoration is not as simple as people cordgrass was decimated by an insect out- feasible, that the replacement wetland be 
might want it to be. Often an engineer can break. To  Zedler, that meant a predator was completed up front, before the natural one is 
assure you he can build anything-but that is likely missing. More research identified the destroyed. For now, says Bean, "we should 
not true for an ecosystem the way it is for a predator, a beetle, but Zedler doesn't expect accept the sober reality that losses are likely 
bridge." And when one of those functions is that to be the last of her problems. to be uncompensated for and that what we 
providing habitat for an endangered species, Indeed, she's admitting defeat. "We call mitigation has a high chance of failure." 
the prospects are dimmer still. "Our ability to learned a lot we never knew about marshes, -Leslie Roberts 
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