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» Carbon and water
» Energy use in water and wastewater
* Renewable energy generation
*« CHP
Hydro
Wind
Co-firing
New initiatives
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* Appreciate where energy is used in water and
wastewater treatment

* Understand some of the main routes to renewable
energy generation in the water sector

waerantield.ac.uk

Where is the carbon in water?

Water in the home - 89%, - Externat to household - 11%
i

Totzl carban emissions of

& 2 lomnes 0,8 per M water
Tt wiatee ifs the homs,

This s«jisatas to 2.3 kg

0.8 daily per hovsehold.

= WaESIEWATEr TetmEnt 7%
— Water treatient 2%

- Wister distribution 1 6%, i
T Saurce, abstracton and comveyancs 0.6% |
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Water use in the (older) home

WC
32%

About 150 litres/personiday total

Environmenit
WP Apemoy

energy saving trust
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2-3 % of net UK electricity (eighth most energy
intensive sector in the UK)

0.8 % of UK greenhouse gas (GHG) emissions per
annum

4.93 million tonnes of GHG emission (carbon dioxide
CO, equivalent)

39% due to water supply
56% due to wastewater
* 5% company admin and transport
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* Energy use in water sectoris ....
* electricity 95 %
* gas < 2%
« fuel oil <5 %

.... i's not rising significantly BUT it's not going down
either!

wieranfield acuk
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Increasing
ensrgy demand

i, Decrease enery

qb,h;% demand o ®
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http://www.water.org.uk/home/policy/reports/
sustainability/sustindicators06-07
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Small changes in total energy used.
Energy efficiencies measures mitigating increases
due to growth and water quality challenges wwcrontiels acuk
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Maintenance Confracts
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Chemicals -\

EA Charges & Bulk

Energy, 25%

Yorkshire Water
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Water Industry in the UK A B C %
Employment costs 17.9 5 1.9 | 30

Hired and contracted . ” 1
services

Service charges 5.3 3.7 | 61 13
Materials & consumables 6.2 1 3.1 9
Other costs 1 13 | 04 2
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14%
Raw Water
pumping

Water Service G m

Treatment Reservoirs
30% 1%

12%
Borehole "
Grid Distribution

pumping pumping
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Water Treatment and Distribution (zﬁmés)
Water

Example: Large London Works N
Yol Large Power requirements
=Pumping
o)) *RGF backwashing
=0zonation
=Distribution
: Initiatives
| Sand Washing )][ muri@d Fiu;r; | r:ﬁPaenr;ormance
gement of energy
\“’_"’___““.’“““"‘____,} through KPls/benchmarks

=Electrical submetering

Hipochisrids
: 'h%;‘ilgsulr % Disinfection Plant
— v

| High Lift Pumping | [ TWAM Supply l
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SPS

pumping I
19%
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http://www.water.org.uk/home/policy/reports/
sustainability/sustindicators06-07

@ Water
@ Wastewater




Tatal greenhouse gas emissions (from water supply,

4.93 Wilbon
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wastewal e reatment, of fices and transport) tonnes CO e Nz Indicator
Green house g emissions from supplying water
= 9 pRiving 0.276 tonnes COe Aitediacy
L0 per Ml of water supplied) I hal
Greenhouse gas emizgons from wastewater eatment | 0643 tonnes COe
. Hew indicator

{CO.e per M of waste water treated)

4 il

http://www.water.org.uk/home/news/press-

releases/sustainable-
water/sustainability2008.pdf
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Total CO2e (m tonnes)

2004/05

2005/06
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http://www.water.org.uk/home/policy/reports/
sustainability/sustindicators06-07

2006/07
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Use of ozone

Secondary treatment of wastewater, especially off-gas from
the activated sludge process

Spreading of biosolids onto land, as part of agricultural
recycling.

0.004 gN,0O-N/gNH4-N entering secondary treatment
0.0125 kg N,0-N/kg N in sludge applied to soil

1.1 x 10* kg N,O per m® of potable water treated by
ozonation
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Temporary storage i.e. balancing tanks etc.
Gravity thickening
Anaerobic digestion

« emissions from leaks and annular spaces
around floating roofs,

« incomplete combustion, from flare stacks during
down-time

« from secondary digestion
Land application of sludge
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* Manage Cost

* Manage Consumption

+ Optimise and develop self generation

cranfield acuk
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-« 80% reduction from 1990 level of GHG emissions by
2050 — UK Government targets

* From April 2010 UK emission trading scheme the
Carbon Reduction Commitment (CRC)

wiLtu cranfield go vk
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* Metering household water use

* Increase metering to 33% reduce emissions by
1.1-1.6 Mt CO,e pa (27-40% of CRC target)

» Controlling wastewater at source, more sustainable
drainage schemes, treatment processes optimisation
to reduce emissions, redeveloping wastewater
treatment (anaerobic)

* More renewable energy generation

waiaoronhielkd aouk
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Energy use /production profile
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Increasing energy usage being offset by our renewable generation
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http://www.water.org.uk
Sustainability Indicators
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+ Power

* Traded in the wholesale electricity market for Great Britain
= Price varies depending on predictability, time generated
etc.
» Renewable Obligation Certificate (ROC)
= Awarded to qualifying generation required by suppliers to
demonstrate compliance with the Renewables Obligation
- Levy Exempt Certificate (LEC)
* For generation qualifying for CCL exemption
+ Embedded benefits
+ Arising from savings in costs of transmission for
generation connected to the distribution network

whsrporonheld aeuk
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For 2007 / 2008
* Electricity c.4.0 - ? p/kWh
+« ROC c.3.2 - ? p/kWh
+ ROC Bonus c.1.1p/kWh
* LEC exports c.0.4p/kWh

Total Value c.8.7p/kWh - 13p/kWh
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not a new concept
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Conventional

5%
aste losses Generation

30%
Electricity
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0.49
kgCO,/kWhe

+0.00
kgCO,/kWhtn

+0.24
kgCO,/kWhth

27.8% CO, saving

=1683 tonnes saved per annum

UK Electricity
Generation

Boiler (typical
80% efficient)

nheld ac.uk

(Jranﬁe!fi

UNIVERSITY

Self Supply & “Excess” Gas

Flarestack

Electricity

Sludge at 35 °¢

Heat Exchanger Hotwater Backup” Hot
at7oe  Water Boiler

Balancing Tank 12°c from Severn Trent
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Methane (CH,) Content

CH, Content equates to Calorific Value (CV) of the Fuel
Natural Gas - Gross CV = 38.62 MJ / m® @ ~ 94% methane
Biogas (From AD of Waste Water) = 21.5 MJ/ m® @ 60% methane

- The lower the CV, the greater the gas volume required to deliver the
required energy input.

soromdield acuk
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OOklcro gas turbine
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* But CHP methane use does not utilise all the heat
» So remove CO, (H,S, water, siloxanes)
* For use as:

Vehicle fuel or injection into natural gas grid

i oranfishd.oc uk




Upgrading of biogas to
natural gas quality

" Technologies:

» Water Scrubber Absorption (single pass or regenerative)
* Pressure Swing Adsorption (PSA)

= Membranes

* Chemical adsorption

Upgrading costs:

*  3-4 €c/kWhpgrageq gas fOr small plants (<100 m3h,,,, gas)
= 11,5 €c/kWh yraded gas fOr plants in the range 200-300 m3/h

raw gas)

= Electricity demand for upgrading = 3-6% of the energy content in the
upgraded gas

Cranfield

UNIVERSEFY

Environmental: 9% GHG emission reduction

Commercial: (1) Fleet/ (2) commodity

e.g. Mercedes B170 NGT — Hybrid — Operation on NG
16kg capacity (4x4 kg tanks) / Range 185 miles

(M UK water company: 1.43x108 miles supported
14,500 motorists supported (ave. 10K p.a.)

(2)  Equiv. 4x10° UK Gallons or £20,000,000 (£1.11.L")
Based on 1/3 £1.11 NG sales = ¢.£6,500,000
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Small hydro: 2 MW-5 MW
* Mini hydro: 500 kW-2 MW

Micro hydro: < 500 kW — most common
application in water industry

+ Scottish Water 5-6 % energy from hydro power

ki oranfieldac uk
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Grimwith

Gilstead "W Nidd Valley

> Existing

Hydro-mechanical

= Existing
Hydro-electric

” Planned

Feasibility

Current output 1840 MWh

Rivelin

C ranf 1eld
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nergy Recovery from Water Channels

* Low head hydro

+ Siphonic Water pressure converted to air pressure via 5|phon
to drive small high speed air turbine. bRL SOl o
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Yorkshire Water
180kW from 2.3 m? s [l
700,000 pe

But care with ROC
eligibility
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Chelker
(1.2MW)

o

York

Graincliffe

I Existing

;/i Planned

T

‘T Feasiilty

ICalder\rale

Current output 1288 MWh
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+ Sludge combined with fossil, biomass or waste fuels
to produce energy

» Can use existing facilities or purpose built co-
combustion units

* Legislation, financial and perception problems but
technically feasible

wusarantiekd aeuk
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930 works produce < 300 tds sludge per year,
126 works produce > 4500 tds sludge per year
Sludge production of 5000 tds yr' = PE 167,000
15,000 tds yr' = PE 0.5 million

* Dry sludge CV c. 16 MJ kg™',

* S0 5000 tds = 80 TJ or c. 22 GWh.

sk cranfiskd oo uk
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33 Natural gas
32 By product #nd ash handiing
31 Straw barns

30 Wood chip

#8 Wood chip silo

28 Fabric filter

27 Gas Suspansion Absorber

28 Flun gas cooler

% condenser

24 High pressume skeam o Wurbine

L

21 Superheater T Water cosled duct
20 Superheater 6 Stoker

18 Econtariser 12 Induced draught fan & Fire dampars

18 Stesrm drum 1 Air prebeater 4 Scarifier

17 Feedwalar tank 10 Combustion chambir 3 Dosing unit

16 Pi air B Slag YO 2 &

16 Air preheater & Vibirating grate 1 Chain conveyer

L

T
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» Energy crops for biofuels
+ Biodiesel — oil seed rape
* Bioethanol — wheat or sugar beet
» Energy crops for bioenergy
+ Miscanthus
 Short rotation coppice

i cranteld acuk
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Flow-storage process

wasil.erantield ac.uk
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. Hydrogen
* Microbial fuel cells

Beci Anode Cathode wasiscranfiekd oo vk
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» Appreciate where energy is used in water and
wastewater treatment

* Understand some of the main routes to renewable
energy generation in the water sector

« Carbon neutral water and wastewater treatment

whweranheld ac.uk




