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Presenter
Presentation Notes
We began work on this publication ‘Water Technology Markets – Key Opportunities and Emerging Trends’. By asking a few key questions.  
1.What were the pressure points for the water industry
2. What was driving change in the water industry.
3. What were the general trends which were emerging. 

http://www.timevansenvironment.com/
mailto:info@o2env.com

Where I'm coming from

« Soil Scientist trained UK and USA (Madison WI)
* Thames Water (UK) (Thames

Water
— Privatised 1989 =
— 13 million pop
— 300 WwTW
— Created QA biosolids recycling for 60% of sludge

— Helped grow business outside UK including USA

* |Independent consultant 1999

— to help clients to create cost-effective solutions for
organic residuals (including biosolids, food wastes and
wastewaters) that are sustainable and appropriate to
their needs and local situations
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* |'ve used, operated, evaluated and been
associated with a lot of the technology

* but all | sell is my [unbiased] opinion

]
-

&creenings and grit to disposal

Reclaimed
water
q

Secondary [biological]
treatment [of ‘settled sewage’]

‘return’ or ‘surplus’ activated sludge or ‘humus’
sludge in the case of biological filters
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Drivers/opportunities that make markets

» Climate change
* Energy security

* Phosphate crisis
* Food security
« Water scarcity
* Aging infrastructure
* Biosolids

— Fecal phobia and chemical phobia

e Cost
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Customers

* Publicly owned / Privatised / Contracte
UK 100% privatised

— Regional solutions and economies of scale

« USA mostly publicly owned
— 10,000 operators for 294 million population

» consulting engineers are pseudo customers — might not favour
turnkey solutions that have little design work

« DBO/PFI contractors are customers

* Engineers rush to be second
— Engineers love to engineer
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Presentation Notes
Coming from the UK I did not at first understand the US market.  I expected to solve problems with facilities shared between neighbors – not necessarily.


Climate change

More extreme weather events more frequently

— Rising sea level

— Loss of productive agricultural land - 50% more people + 70% more food
Building bigger pipes underground is not the answer

Green infrastructure (rain gardens, green roofs ...)
— Soaks up some rain and reduces speed of runoff
— Reduces urban heat island

— Less water in pipes means less
to pump and less to treat

Carbon reduction commitment =
— It's another selling point

Tim EvVANS
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| | Energy security
* Linked to climate change (the theme of WEF R&B May'10)

* Anaerobic digestion of sludge and other organic
residuals gives continuous non-fossil energy

— USA legacy of pancake digesters (wide & Iow)
» narrow & tall are easier to keep mixed
» egg-shaped — pretty but expensive

— Retrofits to boost biogas

— Thermal hydrolysis trebles treatment
capacity, more biogas, better dewatering
» 3x the feed = 4x the biogas but no increase in cake

« Would enable co-digestion of other residuals without building
more digesters

Tim EvVANS
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Sludge to Energy Technologies

 Established

— Sludge to Biogas Anaerobic digestion +/- pre-treatment
Biogas to electricity or biomethane

— Incineration Multiple hearth / Fluidised bed

water removal is key

 Novel

— Sludge to Syngas  Gasification — e.g. KOPF

— Biogas Utilisation Microturbines / Stirling
Engines/ Fuel Cells

— Sludge to QOil: Pyrolysis e.g. STORS [EnerSludge]

— Sludge to Fuel: Carbonisation &
Torrefaction E-coal and E-Fuel

— Supercritical Water Oxidation: Aquacritox
m
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Biosolids Management Can Produce Energy Now
Working within the existing wastewater treatment system, one of the most immediate opportunities to generate energy from wastewater is through use of biosolids. 
During the wastewater treatment process, we remove contaminants from the wastewater and we concentrate these in the solid phase. And this is where much of the chemical energy present in the wastewater ends up. 
The energy density of dried sludge is somewhere in the region of 11,000 BTU’s per pound of dried solids (this varies from plant to plant depending on the ratio of primary to secondary sludge and whether or not there is anaerobic digestion). The energy content of Bituminous coal is 14,000 BTU’s per pound. So clearly there is a significant energy resource there. 
There are a variety of technologies now being developed to generate energy from biosolids. 
Gasification, pyrolysis, carbonisation,torrefaction and supercritical water oxidation are just a few.
Anaerobic digestion is one of the easiest and most widely practiced methods to release a portion of the energy present in biosolids and convert it to Methane gas (CH4). 
As of 2004, there were a total of 1,066 WWTP’s in the USA with a flow rate greater than 5 MGD. Of these, 544 utilised anaerobic digestion of biosolids as part of the treatment process. However of these 544 WWTP, only 19%, or 106 WWTPs, actually had some way of using the methane gas produced to generate heat and power. The other 81% of the facilities flared the biogas. There is an opportunity there for increased use of Biogas, particularly at smaller facilities. Some technologies which can enable this are Stirling Engines, Microturbines and Fuel Cells. 

While anaerobic digestion with pre-treatment, can release in the region of 50% of the energy present in biosolids, and destroy 50% of the sludge in the process, this still produces a waste sludge which has to be disposed of and which still contains energy. 
This creates an opportunity for downstream technologies such as thermal treatment processes. 
One of the challenges with releasing this energy in thermal sludge treatment processes, such as incineration, gasification, pyrolysis, carbonisation & torrefaction is that water has to be removed from the sludge so that these processes can work, and this requires energy, which affects the overall energy balance. 
Supercritical water oxidation represents a new and interesting approach to energy release in that the sludge does not first have to be dewatered. The sludge is heated to in excess o 37o deg C and 220 bar of pressure in the presence of oxygen, and complete oxidation of all of the organic material occurs. 


Food waste

* Food waste disposers

— When 50% of households installed FWD, biogas
increased 46% but sewage treatment costs did not
change

 FOG (fat oll grease)

— Problem for kitchens
— Problem In sewers but
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Biosolids

 Accounts for 45% of wastewater treatment costs

- Land application | thermal destruction| landfill

— Land application 49% USA - 36% EU
varies by State / country [68% in UK]
» Vulnerable to odor / fecal phobia / chemical phobia
« Supreme Court refusal to consider LA vs Kern County

— Incineration 15% USA but legacy of multiple hearth
incinerators that could not meet stringent air quality limits if
EPA changes classification

— Landfill 28% USA but even with landfill gas capture they
leak and have large global warming potential

Tim EvVANS
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Treatment processes

« Sludge starts as 95% water so first step is
dewatering
— Water does not burn

* Murphy’s Law “if something can go
wrong it probably will”
— Evaluate proposals with healthy scepticism

« HACCP Hazard Analysis and Critical Control Point
— FMEA Failure Mode and Effect Analysis

* To reduce the capital cost companies sometimes
— Undersize plants
— Don’t allow for downtime

— Overstress components
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Phosphate crisis

* Today’s phosphate mines will be exhausted by
the end of the century at the current rate of use

« Estimates of future P reserves 200 to 400 years
then ...

“...life can multiply until all the phosphorus is gone, and then ... an
Inexorable halt which nothing can prevent.... We may be able to
substitute nuclear power for coal, and plastics for wood, and yeast for meat,
and friendliness for isolation - but for phosphorus there is neither

substitute nor replacement.”
Isaac Asimov, “Asimov on chemistry” (June 1974) Doubleday Company, New York

* it deserves to be a policy driver — how will that
affect technologies?
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Fertilizer prices - index (USDA) 1982 = 100

 Fundamentals say prices will increase
* Security of supply
 Air is 80% nitrogen just need energy to fix it
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P In urban wastewater

« Wastewater treatment could capture 95% of P into sludge

 We have only thought about preventing eutrophication but in
the future will P-recovery be the driver?

« Sweden recycle 60% of P in wastewater by 2015
Germany aim to recover P

« Dewatering liquor 25% of | = ) S
load on WwTW el c
 Struvite recovery 7 i
(also N)
ﬂﬂ)ﬂ[ i _J!_JIH_FE’”“_HI "{é}'_,bmlg!_:‘._l_ - ti.l 1iﬁ:i.h-‘ Dy s

ENVIRONMMENT



Sidestream N removal less expensive than conventional

£/kgN removed at 90% removal

B steam strip ¢

® Opex+Capex/20

M Opex-Income+Capex/20
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Value of resources

-

Biosolids MtDS/y

Total nitrogen @5%N (Mt) 0.325 0.5
Total N @ $1.008/kg $ 330M $500M $0.8bn
Total P,O: @7% (Mt) 0.455 0.7
Total P,O, @%$0.936/kg $430M $660M  $1bn

Plus the same again going out in the treated water
Biogas — electricity @$65/MWh  $1.2bn  $1.8bn  $3bn

Plus recovered water 55bn m3 40bn m3 $45bn
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Summary

* Multiple new drivers mean there are
opportunities

* Multiple customers and geopolitical situations
mean no one solution will sweep the board
— Appraise with healthy informed scepticism
— Are the fundamentals right?
— Is it robust?

* The market is quite conservative and has the
classic segmentation [chasm]

 Mix of evolution and revolution

Tim EvVANS
ENVIRONMENT




	Slide Number 1
	Where I’m coming from
	Slide Number 3
	Drivers/opportunities that make markets
	Customers
	Climate change
	Energy security�(the theme of WEF R&B May’10)
	Sludge to Energy Technologies	
	Food waste
	Biosolids
	Treatment processes
	Phosphate crisis
	Fertilizer prices -  index (USDA) 1982 = 100
	P in urban wastewater
	Sidestream N removal less expensive than conventional
	Slide Number 16
	Summary

