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Gas) ClHE;Whar arewe companng i tez?

Coal 0.88 kg CO2/kWh
The average 0.53 kg CO2/kWh
electricity grid

“Basket” (30% coal)

Gas in CCGT 0.36 kg CO2/kWh
Decarbonised grid |0 kg CO2/kWh ?

Max Fordham Consulting Engineers



Getinglideat ana electriciy iromitel

Local G

boiler 4° > Useful heat

Power Gas e

station sefu
electricity

CHP Gas Useful heat
Useful

electricity
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Y6 EICIENCIES

Local Gas

boiler Useful heat

Power Gas

station Useful
electricity

CHP Gas Useful heat
Useful
electricity

* DUKES=Digest of United Kingdom Energy Statistics 2010 o coriing raeer



Getinglideat ana electriciy iromitel

Boiler CCGT CHP
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Getinglideat ana electriciy iromitel

*DUKES=Digest of United Kingdom Energy Statistics 2010

*% At Gross efficiencies

<07

SEDBUK]

Boiler CCGT CHP Best Measured
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Getinglideat ana electriciy iromitel

0.4 unit
of gas

0.9 unit
of gas

1.3 unit
of gas

l

<07

Boiler

CCGT

—
— —

1 unit

Best large scale CHP
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Getinglideat ana electriciy iromitel

0.5 unit
of gas

0.5 unit
of gas

1.0 unit
of gas

l

<07

Boiler

CCGT

—
— —

1 unit

Dukes UK measured
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Viarginal Gastrequireaio maxe Use ol Wasie IHeal

Boiler CCGT Best CHP Measured CHP
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Viarginal CO2Z2icontient oifFeauirem CiH R

Distribution losses;
ow much heat is used?f———

ol

No distribution losses;
All the heat is used

S~

Measured CHP
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Analysisteli ClHEwithradistriciieating;

 Heat loss in the distribution
pipework "@CUI@
« Heating and electrical load

mismatch

« Seasonal <ﬁ@ﬁel@
« Dalily

lgnored
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Viedeller GHPhnsiallied:

Typical Urban Population with a
Heat Density of 3000 kKW/km2
(Enfield, Middlesex)

20% UK Population living in areas
of heat density greater

The CHP assumptions:
» 29% Electrical + 48% Heat [Gross]

» Sized on electrical load averaged over
year

» Excess heat wasted in the summer

» Winter heating shortfall made up with
central condensing boilers
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IHeal prodiuced compareaiiordenmand:

GWh/day
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Distrct heating analcombinedineal anad POWET:

CO2 Emissions at Heat Density of 3000
kW/km2

12.0

CCGT +

10.0 - .
local boliler

o uses less

4.0

2.0

0.0 -

Grid+ CHP+ CCGT
local central + local
boilers boilers boilers

o
o
!

Thousand Tonnes, CO2 Emissions
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DIstict Heaingrandicompineaiieal anaipewWeEr 6

stiaiedieUSINg SIOCK:

Heat Density of 3000 kW/km2 and then
reducing heat loss by 50%

Thousand Tonnes, CO2 Emissions

-
o
o

®
o

. ?
40 | L 50% less
<1 building
0 — heatloss

Grid+ CHP+ CCGT
local central + local
boilers boilers boilers

CCGT +
local boiler
still uses
less
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IHeal prodiuced compareaiiordenmand:

0.14

0.12

0.10

0.08 - —e— Gross Heating Demand
—s— Useable CHP Heat Outout

Gross Heating Demand post insulation

0.06

GWh/day

0.04

0.02
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Vany the Heat densityana e CHP eiliciency:

/ \
Grid base CO2 Emissions, Current Housing Stock < >9% CHP
case ~

h fi
w - as no bew
CHP from /

NS

ing

= SN
29% to 38% |—-&_ 1090
gross elec. \é\@S& /
g @ 80.0 -
CCGT 47% | _ /E@{O _ ~ |Best CHP
and 52% 3 o < Pipe loss starts to
Gross. 59 400 . 0% 18% 5% benefit over
S CCGT above
§ 200 Jhis density_~
e

0.0 | \ | | |

1000 2000 3000 6000 10000 15000 50000
kW/km2, Heat Density
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Vany the Heat densityana e CHP eiliciency:

Percentage of Current Grid and Heating

CO2 Emissions

CO2 Emissions, Current Housing Stock

120.0

100.0

80_0 7\

60.0

40.0

20.0

0.0
1000

2000 3000 6000 10000
kW/km2, Heat Density

15000

50000
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Beduce theianrec heaioss:

[stillfleavernetwaterioad]

CO2 Emissions, 50% Reduction in Heat Demand

120.0

100.0

80.0

Emissions
o
o
o

40.0

20.0

Percentage of Current Grid and Heating CO2

0.0

625 1250 1875 3750 6250 9375 31250
kW/km2, Heat Density
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Beduce theianrec heaioss:

[stillfleavernetwaterioad]

CO2 Emissions, 50% Reduction in Heat Demand
An LID
120.0 38% CHP
5 starts to
S 1000 benefit
§ 80.0 7
g —— 7\/
25
9% e00 { \ —
5 E  —
3
5 40.0
§ 20.0
0-0 I I I I I
625 1250 1875 3750 6250 9375 31250
kW/km2, Heat Density

Conclusion:
 Insulation does
save energy
* CHP can give
benefits at high
densities.

* The benefits
are marginal

* The benefits
rely on the
efficient use of
the heat.
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WerKing Witiwine 2anaiasel a6 generaiorns

Heat not
available

3000 U

2000
Slow response base load generation:

1000 CGT,; : Car apture stora

0 k2 .

1 Z 3 4 5 6 ; 8 9 10 11 12 13 14 15
Day

System Load =System Load Minus Wind Generation  —=Wind Generation

Source:U.S. DOE - "20% Wind Energy by 2030", July 2008; downloaded from:http://www.energyeconomyonline.com/When_the_Wind_Blows.htm|
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Blemass.

4 million tons of e
wood

2% of household
energy
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Blemass.

= 4000 hours of operation

Raiclife on Soar
2000 MW

Coal fired power
station




Transport fuel:

BA using 500,000 tons a year of
waste to provide 16 million gallons
of jet fuel. (2% of their Heathrow

consumption)

UK has 30 million tons of suitable
waste
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\\

....renewable gas could meet up
to 50% of the UK residential gas
demand. ”
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REenewanle gas

“....For an extra £10 billion. ”

For 20 million dwellings = £500 per dWE”lng

Community heating =

£5,000 to £10,000 per dwelling

nationalgr
W Frsaar o ars
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BeallGeotnermal

Carbon free source of
heat and power ——

generating station

e Excellent as long as
it is there.

e Limited by geology

Fissured rock
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Concluding

1. Reduce the demand for heat

2. Make best use of biomass and waste

3. Plan to back up the wind resource

4. CHP and district heating does not have a role in this.
Thank you

Bill Watts

b.watts@maxfordham.com
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