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The millions of gas boilers in the UK’s homes produce twice as much CO,
emissions as all the gas-fired power stations in the country
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We need to change the way we heat our homes if we want to reach Net Zero

Source:
https://www.theguardian.com/environment/2021/sep/29/uks-home-gas-boilers-emit-twice-as-much-co2-as-all-power-stations-study
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In the UK, two low-carbon heating technologies are being considered as the main options:

Hydrogen boilers Air-source heat pumps
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Both have pros and cons!
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Hydrogen boilers

Continue to exploit the gas network

Enable the wuse of underground
caverns for seasonal energy storage

They are used in the same way as
current gas boilers

Only about 60% of the energy spent
making H2 reaches a house in the

form of low-temperature heat

More explosive than natural gas
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* Heat pumps make much better use of every unit of energy consumed

* The problem are demand peaks. The electricity grid does not have the capacity to provide all the power needed
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https://ukerc.ac.uk/publications/local-gas-demand-vs-electricity-supply/
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What if we had a solution that combined the best attributes of hydrogen boilers and electrically-driven heat

pumping and removed their major drawbacks ?

High-Grade | ow-Grade
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. . Compressor
Looking at the heat pump part of the system first
Some Assumptions: ¥ 1
e Ambienttemperature=-9° C
« Evaporatortemperature=-14° C
o Low-grade Low-grade
« Condensertemperature =40 C heat output heat source
(condenser) (evaporator)
45‘ T T T T T T T T -
Plow=2.2 bar
= = =Plow=2.3 bar
Plow=2 .4 bar y
447 = = =Plow=2.5 bar| | 1 r
Plow=2.6 bar m
~ ~ = = Plow=2.7 bar \.y
Plow=2.8 bar .
42 o Plow=2.9 bar | Expansion valve
Plow=3.0 bar
S 4l
o * We find that optimum operating parameters are :
* Low pressure of 3 bar
38 * High pressure of 13.7 bar
« Compressor outlet temp. =55.56° C
36 « Evaporatorinlet temp =-14.18° C
e CoP=4.519
3.4 : : : : : : : :

13.5 14 14.5 15 15.5 16 16.5 17 17.5 18
Condenser Pressure (Bar)
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Now looking at the heat engine part :

Expander

Recuperator Refrigerant coming

ANVAVAVAY, <«——— from Heat Pump

/\/\/\/\/ At 13.7 bar
1 ! And55° C

CoP of the Overall System

Pump 27 F

‘ 267

J 25871
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Assumptions: 221

* 8 kW heat output system 21 T high = ssa:c 1
T high =600 C
* Turbine and pump efficiencies are 80 % 2t T high =650 C| -
T high =700 C

* Recuperator efficiency is 0.97% 1.9 : : : : : :
0 50 100 150 200 250 300 350

P high (bar)
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How fast do the expanders need to rotate to achieve an isentropic efficiency of 80% ?

[+
10
25 : : : : : : :
Mass Flow
0.005 kgis
0.01 kg's
I 0.1 kgls |
2 0.2 kgls
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£n

Rotational Speed (RFM)

40 60 80 100 120 140 160 180 200
Inlet Pressure (bar)
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Assuming:
* Isentropic efficiency of 80% for expanders and pump in engine Find total heat output needed so that:
* Isentropic efficiency of 80% for compressor in heat pump Efficiency of expanders is 80% at 170,000 rpm
CoP of Overall System Overall Heat Output
2.8 . . . . : 3500 . : ; : :
3000
2500
1653.035 kW
79% from
% 2000 Heat Pump T
™
D
T 1500 i
1000 Thigh |
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500 - g“ﬁg -
700
2 I I I I I D i ] ] ] i
50 100 150 200 250 300 350 50 100 150 200 250 300 350

Inlet Pressure (bar) Inlet Pressure (bar)
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Legend 52.3 bar 13.7 bar 13.7 bar 13.7 bar
Pressure 593° C 599° C 73° C 56° C

—— Temperature

® 3 bar
-14° C

200 bar
650° C

- -

200 bar
523° C

s

13.7 bar
40° C

Ambient Temperature -9° C
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Heat P CoP = 13065 kW = 4,519
Legend carrump Lot = Siiokw — 528kW
— Work
o 167.8 KW 165.1 KW 341.9 KW
— Heat T T l
i YA YAVYAY > «
A VAVAVAV
‘r 4
) —» 1306.6 kW
4405 kW —>
43.7 kW —> “— 1017.5KW
o 4_
T . 346.5 k

195 KW
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AN
0.914 kg/s \.y 3.827 kgls

o . 3465 kW + 1306.6 kW iy The heat pu?;();:)art provides
ystem Co = = 2. i !
4405 kW + 195 kW | of the system’s heat output !

52.8 kW
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Concluding remarks

e This work is still in progress, but we’ve shown that there is potential
 We should try to use electric heat pumps as much as possible wherever we can.

* |f the system operator or the government determines that there is not enough capacity in the electricity

grid, and we need to burn something (e.g. hydrogen)
* Then we should burn it in a smart way.

* Why would we burn hydrogen with an efficiency of 60%, when we can get 260% or more?

* |t'simportant to have projects like this that offer flexibility
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