
State of Science Report: Energy and
Resource Recovery from Sludge
T h e r e is a general consensus among

s a n i t a ry engineering professionals that
municipal wa s t ewater sludge is not

“ wa s t e ,” but a potential source of valuable
resources and alternative energy. Interest in
extracting products from sludge, while not
r e c e n t , is rising because of increases in ener-
gy costs, the threat of decline in phosphate
rock production, and impacts of global wa rm-
i n g, to cite a few factors. Resource recov e ry
from sludge is gaining global importance and
has become a key aspect in almost all sludge
management master plans.

M a ny technologies are currently able to
r e c over energy and/or resources from sludge.
The technologies can be divided into two main
c a t e g o r i e s , namely established and emerging technologies. The established technologies
are full-scale commercial applications, as well as those that can potentially be commercial-
ized. International cases studies of such technologies are provided in the report. The
emerging technologies have only been demonstrated in pilot projects or on a bench
( l a b o r a t o ry) scale. 

E n e r gy recov e ry technologies can be classified into sludge-to-biogas processes, s l u d g e - t o -
syngas processes, sludge-to-oil processes, and sludge-to-liquid processes. The technologies
available for resource recov e ry include those to recover phosphoru s , building materials,
n i t r o g e n , volatile acids, e t c . , and this report documents technical, capital cost, o p e r a t i n g
and maintenance (O&M) costs information to the extent possible. The report also discuss-
es new research areas, such as upgrading biosolids pellets produced from sludge as renew-
able source of inoculum for bio-hydrogen gas production, and the recov e ry of bio-pesticides
from sludge.

Triple Bottom Line (TBL) Assessments Show Costs and Benefits
Technologies are increasingly subjected to an assessment of social, e c o n o m i c , and env i-
ronmental performance. The report provides an initial “triple bottom line” (TBL) assess-
ment on the technologies.

The report concludes that, with the large number of technologies av a i l a b l e , it is technically
feasible to recover energy and building materials from sludge. It is well established that a
resource like phosphorus (P) can be recovered with efficiency of 60-70%, and possibly
h i g h e r. Although full-scale P recov e ry is a technically feasible option, operating practices
are in early stages because most of the technologies are still in dev e l o p m e n t .

To be attractive, technologies for energy and resource recov e ry must be affordable and
c o s t - e f f e c t i v e , but this is currently not always the case. Some projects have failed because
of the high capital and O&M costs of the technologies. Examples of such projects are cer-
tain phosphorus recov e ry and building material production processes.

The social acceptance of a technology depends on the inputs and the outputs. Chemical
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use may be required in certain processes, but it may not always be the best option in
t e rms of health protection and life cycle impacts (energy use and emissions during produc-
tion and transportation). For example, most current technologies for P recov e ry are based
on extraction with sulfuric acid, a highly corrosive and potentially harmful chemical. In addi-
t i o n , technologies with high potential for pollutant emissions, either upstream or onsite,
will have less public acceptance. Technologies involving several process units are generally
v i ewed as less desirable complex processes, which require material and energy for produc-
t i o n , greater land consumption, and higher capital and O&M costs.

Suitable Options for Energy Recovery
A TBL assessment showed that, in terms of energy recov e ry, overall sludge-to-biogas pro-
cesses are the most suitable options. For phosphorus recov e ry, it appeared that the tech-
nologies using less harmful chemicals like lime are the more acceptable options. Therm a l
solidification for brick production appeared as a better option compared to slag and art i f i-
cial lightweight aggregates production.

The report ’s curs o ry TBL assessment could not evaluate all technologies in depth, a n d
should therefore be used as general guide rather than as a definitive rev i ew. Indeed, m a ny
key information requirements are missing for some of the technologies, leading to incom-
plete or subjective assessment. The limits of the assessment are discussed in the report .

C o n c e rns, Costs, and Government Requirements Drive the Market
The report identifies and discusses four market drivers: 

  sustainability and environmental concern s , such as the threat of soil pollution, g l o b a l
wa rm i n g, and resource depletion

  rising energy costs and the need of more electricity and heat to operate the plants

  requirements for high quality of resources for industrial applications, such as calcium
phosphate for the phosphate industry

  regulation as factor stimulating the development of new technologies

A rev i ew of the international situation of energy and resource recov e ry from sludge showe d
that Sweden and Japan are probably the most advanced countries in the area. Many other
c o u n t r i e s , including the Netherl a n d s , United States, United Kingdom, G e rm a ny, N ew
Z e a l a n d , C h i n a , and Malay s i a , h ave also been implementing energy and resource recov e ry
from sludge for many years .

State of Science Report: Energy and Resource Recovery from Sludge

C O N T R A C T O R
Youssouf Kalogo, P h . D.
H y d r o m a n t i s

Hugh Monteith, P. Eng.
H y d r o m a n t i s

PROJECT TEAM     
S t eve Kay e
U K W I R

Cora Uijterl i n d e
S TOWA

John Willis
B r own & Caldw e l l

Rob Ke l l y
I n f i l c o - D e g re m o n t

C O L L A B O R AT O R S
United Kingdom Water Industry Research
( U K W I R )

Foundation for Applied Water Management
Research (Netherlands) (STOWA )

Global Water Research Coalition (GWRC)

Water Environment Research Fo u n d a t i o n  635 Slaters Lane, Suite 300 Alexandria  VA 22314- 1 1 7 7

E X E C U T I V E S U M M A RY

The research on which this report is 
based was funded in part by the U.S.
Environmental Protection Agency (U.S. EPA)
through Cooperative Agreement No. 
CR-827345-01 with the Water Environment
Research Foundation (WERF). Unless an
U.S. EPA logo appears on the cover, this
report is a publication of WERF, not U.S.
EPA. Funds awarded under the agreement
cited above were not used for editorial ser-
vices, reproduction, printing, or distribution.

0 5 / 0 8

W h a t ’s the value? What can we mine?


