LoT-NET research focuses on
the integration of low
temperature (LT) networks
with heat pumps and
thermal storage
technologies to maximise
waste and ambient heat
utilisation in low or zero-
carbon heating and cooling
solutions.
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Absorption machines: example H,0/ NH;
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Thermochemical district networks:

WARWICK

Thermochemical district networks are a new technology for district networks that can
provide heating and cooling in one heat loss-free multiservice network.

The innovation is the use of thermochemical fluids as transport medium (concentrated salt
solutions).

The chemical potential is used to generate useful heat or cold from ambient heat at the
place and time of demand.

Advantages: heat loss free
e Less investment (no insulation, smaller pipe diameters)

* Longer distances
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Thermochemical district networks:

] WARWICK
Example schematics
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Requirements for residential space heating:

» Evaporating with air as heat source preferably until -15°C
* Condensation below 30°C
e Fluid vapour pressures between 0.1 and 10 bar
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Thermochemical fluids (water based)

WARWICK

Different groups of substances such as salts, alkalis, acids, organic compounds and ionic
liquids can be used as absorbents.

In addition to thermodynamic properties, the following criteria must be considered for the
selection of the thermochemical fluid:

* Availability

* Price

* Environmental compatibility

* Recyclability

* Toxicity

* Chemical stability
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Thermochemical fluids (water based)

WARWICK

Desiccant Comments

Common in absorption plants (chillers), but not suitable in thermochemical

Lithium bromide (LiBr) network due to the high price.

Lithium chloride (LiCl) common in dehumidification systems, but not suitable in thermochemical network
due to the high price.

Calcium chloride (CaCl,) High efficiency.

Magnesium chloride (MgCl,) | High efficiency.

Not corrosive.

Calcium nitrate Ca(NO;), Low efficiency at low temperatures and high efficiency at high temperatures.

Sodium hydroxide (NaOH) Very high efficiency. Not suitable in open processes.
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Example schematics

WARWICK
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SorpSim — Sorption System simulation program
(Oak Ridge National Laboratory)

WARWICK

Single-effect LiBr-water chiller
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Sorplib — Dynamic library (Oak Ridge National Laboratory)

WARWICK

A dynamic library for isotherm correlation of sorption working pairs.

Available pairs (32) data include: _ : _
Available equation of state of pure components (1) include: Water

- Water (14)

* LiBr
* LiBr:CH3COOK 02 (5 p 5
+ LiBr:CH3CH(OH)COONa ] (z) S ] rOpaZ”el(, )_4A
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LiBr — H,O properties (ASHRAE)
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Tamb (C)|Tabs (C)|Tdes (C)| Qa |Abs/Des|ATeq H,0 Exam IE' LiBr _ H O
5 30 35 [2320.23| 0.82 53.53 p . 2
5 30 40 |2424.35| 0.87 | 102.59 o . V\/A RVV | C |<
o L s as o Matlab simulation
5 40 45 2295.23| 0.75 45.66
5 40 50 [2460.69| 0.82 90.62 4
5 40 55 |2533.41| 0.85 | 130.07 <] —
5 50 55 |2249.75| 0.67 38.52 Waste Desorber r---—-—-———1————-— » Condenser ’ Q
5 50 60 heat ’ Q
5 50 65 o
10 30 35 [2361.48| 0.85 54.48 |
10 30 40 |2449.61| 0.89 | 103.66 HX I
10 30 45 [2496.87| 0.91 | 146.19 ! :
10 40 45 |2343.00| 0.78 46.61 « | |
10 40 50 [2489.21| 0.84 91.67 ; Ambient
10 40 55 |[2555.51| 0.87 | 131.21 i
10 | 50 | 55 |2304.48] 0.70 | 39.46 i temperature
10 50 60 |2510.10| 0.79 80.02 » ! |
10 50 65 v |
15 30 35 |2402.74| 0.88 55.43 HX :
15 30 40 [2474.87| 0.91 | 104.72 |
15 30 | 45 [2516.80] 0.92 [ 147.36 + boa '
15 40 45 2390.77| 0.81 47.56 @ Q
15 40 50 |2517.73| 0.87 92.72 Absorber . ———————————+ Evaporator
15 40 55 |2577.61| 0.88 | 132.34 <« I
15 50 55 |2359.22| 0.73 40.39 |
15 50 60 |2542.19| 0.81 81.04
15 50 65 |2614.03| 0.84 | 116.70
15 60 65 |[2251.92| 0.64 32.90
15 60 70 |2502.09| 0.75 68.26 LOT-NETQ ‘
15 60 75
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Tamb (C)| Tabs (C)|Tdes (C)| Qa |Abs/Des|ATeq H,0 Examp|EZ Lil-H ZO

5 30 35 [2374.86] 0.76 | 36.26 Matla b Sim u |ati0n WARWICK

30 40
5 30 45
5 40 45 1

- -
2 jg ig Waste ’ Q Desorber - - - —————————— » Condenser ’ Q
heat

5 50 55 —
10 30 35 [2371.01] 081 | 4234 :
10 30 40 [2496.37] 0.87 | 80.45 HX |
10 30 45 [2561.14] 0.88 | 111.94 ; :
10 40 45 [2316.39] 069 | 30.40 « |
10 | 40 | 50 Ambient
10 40 55 |
o T =0 T =2 | temperature
10 50 60 » !
15 30 35 [2365.35] 0.87 | 50.32 ¥ :
15 30 40 [2452.31] 090 | 93.86 HX |
15 30 45 [2502.99] 0.91 [ 129.75 :
15 40 45 [2345.09] 076 | 37.47 @ v v 4 ' Q
15 40 50 [2506.35| 0.83 | 71.72 Absorber M— — — ———————___ Evaporator
15 40 55 [2581.61] 0.85 | 99.20 4_ -
15 50 55 [2221.56] 0.62 | 24.49 |
15 50 60
15 50 65
15 60 65
e ts LoT-NET



Example: LiCl - H,O
Matlab simulation
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Tamb (C)[Tabs (C) | Tdes (C)| Qa |Abs/Des|ATeq H,0
5 30 35 |2478.59| 0.86 73.28
5 30 40
5 30 45
5 40 45
5 40 50
5 40 55
5 50 55
10 30 35 2469.72| 0.89 79.20
10 30 40 |2530.91f 0.92 145.97
10 30 45
10 40 45
10 40 50
10 40 55
10 50 55
10 50 60
15 30 35 2465.44] 0.91 87.46
15 30 40 2510.53] 0.93 157.89
15 30 45 12535.55| 0.94 214.80
15 40 45 2446.72| 0.86 73.35
15 40 50 2523.65| 0.90 137.31
15 40 55
15 50 55
15 50 60
15 50 65
15 60 65
15 60 70
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CH;OH properties (The enthalpy of methanol, Yerlett)

TABLE 1. Measurements of the specific enthalpy of methanol. The enthalpy increment Ah was
calculated using equation (2) as described in the text. Ah = 0 for liquid methanol at 298.15 K and the
saturation pressure

T » & _r & P 4 = p &k P&
K  MPa ki'kg ' MPa ki-kg'' MPa id kg' MPa ki-kg'' MPa ikl kg'

3732 010 12846 034 12379 302 2145 11.72 2225
021 12739 074 2121 507 132

3982 010 13342 034 13116 0.59 12730 430 2921
0.18 13269 046 13022 090 2957 11.84 3013

4232 0.0 13678 0.68 1336.5 1.20 12822 1.89 3894 716 3883
0.27 1356.1 099 13147 1.32 12651 336 3897 1200 3895

0.44 13583

4482 010 14125 082 13817 1.85 13175 273 479.3 7.36 4883
033 14002 120 13648 219 12884 478  490.1 11.25 4848
0.56 1399.1 1.58 13378

4732 0.10 14644 1.68 14020 3300 13093 494 6025 9.04 5962
0.68 14479 220 13776 378 12724 498  605.7 11.83 5919
1.27 14144 282 1321 423 6069 6.63 6028

498.2  0.10 15131 298 14220 5.20 1304.2 6.80 7438 964 7177
0.83 14955 338 14039 575 12540 139 7412 1170 7112
147 14775 360 13894 6.25 1191.0 830 7320 1292 7024
218 14499 430  1360.6 6.42  836.5

5102 356 14334 6.45 12820 7.55 1163.1 8.60 8252 1005 793.6
486 1371.0 6.90 12364 811 8479 895 8158 11.35 7813
588 13209 7.40 11927 8.37 832

5152 542 13634 777 12018 8.58 1057.1 9.16 8353 10.55  828.1
6.08 13362 822 11515 8.87  90%.0 9.92 8313 1213 809.7
6.72 12942 8.54 10668 895 8920

5232 0.10 15548 4.94 14229 8.50 12183 10,33 9314 11.29 8836
1.91 15049 6.36  1355.7 9.12 11527 10,74 904.7 12.14  B68.3
340 14733 7.58 12939 9.74 1036.6

548.2  0.10 1603.7 491 14989 7.60 14207 9.86 13315 1142 12380
174 15729 6.18 14628 902 13656 1064 12804 13.04 11504
330 15348

5732 0.10 16530 474 15736 7.52 15122 10.28 14385 12.23 13753
1.80 16202 620 1550.6 890 1481.0 1118 14130 1364 13265
333 le04.4
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THE ENTHALPY OF METHANOL

1600

1200
_-SJ.'i
o
= 800
:E
-

400

1 | ju— 1 1 Al ] ! | i
0 4 12
piMPa

LOT-NET ¥



[ J
Tamb (C)| Tabs (C)|Tdes (C)| Qa |Abs/Des|ATeq H,0 Examp|EZ LiBr — CH30H
5 30 35 |1404.05| 0.80 | 30.82 Matla b Sim u |ati0n WARWICK
5 30 40 |1480.14] 086 | 56.58
5 30 45 [1515.96] 0.87 | 75.94
5 40 45 [1352.37] 0.68 | 19.37 1
« |
> 10 20 Waste Desorber F - ——————————-— » Condenser ’ Q
> 40 23 heat ’ Q
5 50 55 ]
10 30 35 [1397.47] 0.83 | 32.50 |
10 30 40 [1463.28] 0.88 | 60.44 HX |
10 30 45  [1497.18] 0.89 | 82.15 i |
10 40 45 |1386.81] 073 | 22.97 « ; |
10 | 40 | 50 Ambient
10 40 55 i
o T 5o | == | temperature
10 50 60 » !
15 30 35 |1384.81] 0.86 | 32.56 Y |
15 30 40 [144157] 090 | 62.02 HX |
15 30 45 [1473.73] 091 | 85.93 |
15 40 45  [1399.94] 0.78 | 26.24 @ y v ¢ ' Q
12 jg :(5) Lscnetill (s, Zaitin, Absorber ¢<————————————— Evaporator
«— |
15 50 55 |
15 50 60
15 50 65
15 60 65
O R LoT-NET
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Pairs comparison
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Thank you
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Pairs comparison
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