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Water—Energy—Food Nexus: A Dual Opportunity for Agricultural
Green Energy and the Net-Zero Transition
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Abstract

Within the context of Taiwan’s 2050 net-zero emission policy, the functional role of
agricultural land is undergoing transformation. Agricultural water areas, previously used
primarily for irrigation and food production, are now being integrated into renewable energy
development strategies. These spatial resources are increasingly recognized for their dual

potential in supporting both agricultural productivity and clean energy generation.

This study investigates the development of green energy infrastructure in Taiwan’s
agricultural water areas, focusing on the deployment of solar photovoltaic and small-scale
hydropower facilities. These installations are situated along irrigation canals, reservoirs, and
farm ponds, leveraging local topography and hydrological conditions while preserving
agricultural utility. Based on a nationwide site inventory and statistical analysis of generation
data, cumulative output has surpassed 1.5 billion kilowatt-hours, yielding an estimated carbon
reduction of 780,000 metric tons. Such outcomes highlight the contribution of agricultural sites

to stable energy production and national energy diversification.

Furthermore, this study evaluates the power generation efficiency of different types of sites
based on Taiwan Power Company's "capacity factors of solar photovoltaic systems by county"
and Taiwan's renewable energy "conventional hydropower capacity factors.". Results indicate
that most PV sites operate within expected capacity factor ranges, reflecting effective site
selection and operational efficiency. In contrast, some hydropower sites demonstrate

performance variability due to seasonal water availability and system design constraints.

In sum, the integration of renewable energy into agricultural water infrastructure not only
exemplifies the sustainable use of land resources but also illustrates the synergistic role of data
governance and energy management in advancing land-use transformation and policy

implementation.

Keywords: Agricultural green energy, Solar photovoltaic, Small hydropower, Carbon reduction,

Capacity factor
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4-02B 4 EEIRSE(;R) BB E_Renewable Energy Installed Capacity
ZESZESE Installed Capacity [REEEEERK;
e [ g e __ /ﬁ?ljzgmd - _ EEs B:mass _ . ;‘Iﬂiig
1] Total Hydro Geothermal Solar PV Mt * = il 1 == == Waste olar water
Subtotal Onshore Offshore Subtotal Solid Biogas heater
FE FE &b FE =z FE =L FE &t FE =1z FE &atb FE &t FE =L FE &b FE &tE [((FEF2R)
™Mw) ™Mw) (%) Mw) (%) mMw) (%) ™Mw) %) Mw) (%) ™Mw) (%) ™Mw) %) mMw) (%) ™Mw) %) Mw) (%) (10°m’)
94F 2,608 1910 732 - - 1 0.0 24 0.9 24 09 - - 90 34 73 238 16 0.6 584 | 224 452
1,910 | 705 - - 1 0.1 102 3.8 102 38 - - 88 33 73 27 15 0.6 609 | 22.5 567
1921 | 682 - - 2 0.1 186 6.6 186 6.6 - - 87 31 73 26 14 0.5 622 | 22.1 682
1,938 | 66.8 - - 6 0.2 250 86 250 86 - - 87 3.0 73 25 14 0.5 622 | 214 800
1937 | 639 - - 10 0.3 374 | 124 374 | 124 - - 87 29 73 24 14 04 622 | 20.5 900
1977 | 619 - - 35 11 476 | 149 476 | 149 - - 87 27 73 23 14 04 622 | 19.5 1,036
2,041 | 60.0 - - 130 38 523 | 154 523 | 154 - - 81 24 73 22 8 0.2 624 | 184 1157
2,081 | 57.9 - - 231 64 571 | 159 571 | 159 - - 81 23 73 20 8 0.2 629 | 17.5 1278
2,081 | 54.5 - - 410 | 10.7 614 | 16.1 614 | 16.1 - - 81 21 73 19 8 0.2 629 | 16.5 1,388
2,081 | 51.2 - - 636 | 156 637 | 15.7 637 | 157 - - 81 20 73 18 8 0.2 629 | 155 1,505
2,089 | 483 - - 884 | 204 647 | 149 647 | 149 - - 80 18 71 16 9 0.2 629 | 145 1,620
2,089 | 44.2 - - 1245 | 263 682 | 144 682 | 144 - - 80 17 71 15 9 0.2 629 | 133 1716
2,089 | 397 - - 1,768 | 336 692 [ 13.2 684 [ 13.0 8 0.2 80 15 71 13 9 0.2 629 | 120 1813
2,091 | 334 0 0.0 2738 | 43.8 713 | 114 705 | 11.3 8 0.1 81 13 71 11 10 0.2 632 | 10.1 1,853
2,092 | 26.8 0| 00 4,150 | 532 845 | 108 717 92 128 16 79 10 71 09 8 0.1 632 8.1 1,882
2,093 | 219 0| 00 5817 | 60.8 937 9.8 809 85 128 13 86| 09 71 07 16 0.2 632 6.6 1,862
2,094 | 180 5 0.0 7,700 | 66.3 1,094 94 825 71 269 23 85 07 71 06 14 0.1 632 54 1239
2,098 | 14.8 5 0.0 9724 | 68.8 1581 | 11.2 836 59 745 53 92 0.6 71 0.5 21 0.1 632 | 45 -
2104 | 117 7 00 | 12418 | 69.2 2678 | 149 915 5.1 1763 9.8 83 05 61 03 21 0.1 666 37 -
2,098 | 144 S| 00| 10073 | 69.1 1678 | 115 845 | 58 833 57 92| 06 71| 05 21| 01 632 43 -
2,100 | 14.2 5 0.0 [ 10,168 | 69.0 1750 | 119 845 57 905 6.1 82 06 61 04 21 0.1 636 | 43 -
2,100 | 140 S 00 [ 10311 | 689 1832 | 122 845 56 987 6.6 83 06 61 04 21 0.1 636 | 43 -
2,100 | 13.8 5 0.0 [ 10480 | 688 1920 | 126 860 56 1060 | 7.0 83 05 61 04 21 0.1 636 | 4.2 -
2,100 | 135 6 00 | 10,721 | 688 2,034 | 131 876 56 1157 | 74 82 0.5 61 04 21 0.1 636 | 41 -
2,104 | 131 6 0.0 [ 11,000 | 68.7 2,155 | 135 876 5.5 1278 8.0 83 05 61 04 21 0.1 666 | 4.2 -
2,104 | 128 6 00| 11,226 | 684 2,329 | 142 885 54 1444 88 83 05 61 04 21 01 666 41 -
2,104 | 12,5 7 00 [ 11432 | 679 2,534 | 15.1 888 5.3 1,646 9.8 83 05 61 04 21 0.1 666 | 4.0 -
2104 | 124 7 00 [ 11,554 | 679 2,593 | 15.2 885 5.2 1,707 | 100 83 05 61 04 21 0.1 666 39 -
2,104 | 122 7| 00[ 11702 | 681 2,634 | 153 911 | 53 1,723 | 10.0 83| 05 61| 04 21| 01 666 | 39 -
2,104 | 120 7 00 | 12,012 | 685 2,670 | 15.2 915 5.2 1,755 | 10.0 83 05 61 04 21 0.1 666 38 -
2104 | 117 7 00| 12418 | 69.2 2678 | 149 915 51 1763 9.8 83 05 61 03 21 0.1 666 37 -
2107 | 116 7 0.0 [ 12,458 | 689 2,764 | 153 915 5.1 1,850 | 102 83 05 61 0.3 21 0.1 666 37 -
2,107 | 116 7 0.0 [ 12,570 | 69.0 2,781 | 153 915 5.0 1,866 | 10.2 83 05 61 0.3 21 0.1 666 37 -
2111 | 113 7 00 | 12,816 | 688 2932 | 157 915 4 2,017 | 108 83 04 61 03 21 0.1 666 36 -
2111 | 112 7 0.0 [ 12,963 | 69.0 2,968 | 15.8 915 | 49 2,054 | 109 83 04 61 0.3 21 0.1 666 35 -
2,111 | 109 7 00 [ 13,220 | 683 3,263 | 16.9 915 7 2348 | 121 83 04 61 03 21 0.1 666 34 -
2,113 | 10.8 7 0.0 [ 13,396 | 684 3,322 | 17.0 915 | 47 2407 | 12.3 83 04 61 0.3 21 0.1 666 34 -
2,113 | 106 7 00 [ 13517 | 681 3464 | 174 915 | 46 2549 | 12.8 83 04 61 03 21 0.1 666 34 -
2,120 | 105 7 0.0 | 13,622 | 67.6 3639 | 181 915 | 45 2,724 | 135 83 04 61 03 21 0.1 666 33 -
2120 | 104 7 00| 13706 | 674 3738 | 184 919 | 45 2819 | 139 83 04 61 03 21 0.1 666 33 -
- - 06 7L/ 05 3ib] - - - - -
0.8 2.7 186 442 3.8 65.1 0.2 - 0.7 0.0
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4-01F %R EE_Renewable energy power generation
an K n xExE — Bz ynd == — s = mmn
ws Total Hydro Geothermal Solar PV Subtotal Onshor Offsho Subtotsl Solid Biogas Waste
= = =% | ¥ | =% =% | TR | & | TR &% | TR | =m| TR | =%
(MWh) vty | @6) | oawh | 96) o) | oawh o) | uwhy | o) | i | @) | oawn
5% | 7540945 | 4071374 | 540 e ST 3 o TSk 5083853 405
95% | 7743848 | 4088351 | 528 Y - o| 321292 | 41| 266849 | 34| 54443 | 07| 3056674 | 395
9= | 8324812 | 4417550 | 531 P - -| 302267 | 36| 246865 | 30| 55402 | 07| 3163280 | 380
972 | 8259060 | 4305105 | 521 = -| 272489 | 33| 226997 | 27| 45491 | o6 | 3088727 | 374
98= | 7809525 | 3748288 | 480 - -| 229350 | 29| 187521 24| 41829| 05| 3036139 | 389
99= | 8639758 | 4194101 | 485 N -| 270038 | 31| 234679 | 27| 35359 | 04| 3127554 | 362
1005 | 8987061 | 3999726 | 445 = -| 236091 | 26| 209739 | 23| 26352| 03| 3196944 | 356
1012 [10662708 | 5669558 | 532 N - -| 242070 | 23| 218577 | 20| 23493 | 02| 3177741 | 298
1022 |10858146 | 5422890 | 499 i = -| 228481 | 21| 205350 | 19| 23131| 02| 3245672 | 299
103% | 9925066 | 4317862 | 435 Y - -| 252467 | 25| 231913 | 23| 20554 | 02| 3325490 | 335
1042 | 10478833 | 4470, 427 3 - -| 248991 | 24| 227420 22| 21571| 02| 3384192 | 323
1052 515 - -| 208056 | 16| 185762 | 15| 22294 | 02| 3396552 | 267
1065 240 - 02| 191585 | 15| 169450 | 14| 22135 | 02| 3341001 | 270
1072 354 1| oo 02| 191649 | 15| 166440 | 13| 25209 | 02| 3566597 | 282
1082 363 757 | 00 12| 176521 | 12| 151434 | 10| 25087 | 02| 35634861 | 238
1002 199 1912 | 00 34| 211754 | 14| 141366 | 09| 70388 | 05| 3569744 | 235
1102 198 9074 | 01| 7,970, 32| 201707 | 12| 153172| 09| 48535 | 03| 3604514 | 206
1= | 23885, 836, 244 | 25008 | 01 10676988 63| 164296 | 07| 118278| 05| 46018 | 02| 3605128 | 15.1
1125 | 26871226 | 3963022 | 147 | 23164 | 01 |12:908690 167| 238612 | 09| 171191| 06| 67420 | 03| 3499451 | 130
1855276 | 261801 | 141 2504 | 01 186 | 18886 | 10| 15907 | 09 2979 | 02| 298464 | 161
1878442 | 237615 | 126 1908 | 01 154 16586 | 09| 12342| 07 02| 284835 | 152
1948908 | 243266 | 125 2068 | 01 179 | 22004 | 11| 17387 09 02| 288291148
2011242 | 176315 | 88 2080 | 01 139| 19361 | 10| 14711 07 02| 262651 | 131
2071373 | 209367 | 101 2120 | 01 124 19295 | 09| 14561 | 07 02| 305289 | 147
2094781 | 303895 | 145 1090 | 01 86| 29554 | 14| 14089 | 07 07| 313482 | 150
2300065 | 342264 | 149 1523 | 01 87| 19263 | 08| 14777| 06 02| 331498 | 144
2543427 | 610255 | 24.0 1304 | 01 12| 13400 | 05 8234 | 03 02| 321846 | 127
2698793 | 718879 | 266 1735 | 01| 1362 ; . . ; g 95| 19733 | 07| 14447| 05 02| 29529 | 109
2827061 | 412992 | 146 2922 | 01| 1186701 | 420 | 919552 | 325 | 174699 | 62 263 | 20313 | 07| 15052 05 02| 284581 | 101
2239964 | 240781 | 107 1807 | 01| 968634 |432| 766015342 | 176092 | 7.9 923 [ 263 | 19185 | 09| 14127 | 06 02| 243542 | 109
2401895 | 205592 | 86 2103 | 01| 941193 |392| 962306401 | 240295 |100| 722012 |301| 21024| 09| 15558 | 06 02| 269676 | 112
2280955 | 203520 | 89 2459 | 01| 833434 |365| 898982 |394| 240722106 | 658260 |289| 22343 | 10| 17376| 08 02| 320216 | 140
2430411 | 261631 | 108 2324 | 01| 988538 |407 | 864592 | 356| 193791 | 80| 670801 |276| 14988 | 06| 11336 | 05 02| 298338 | 123
2520546 | 254525 | 10.1 2369 | 01| 1132849 449 | 809009 | 321| 175012 | 69| 633997 [ 252| 21008 | 08| 16467 | 07 02| 300786 | 119
2116695 | 212622 | 100 2195 | 01| 1156548 | 546 | 475498 | 225 | 81378 | 38| 394120 | 186 9385 | 04 4839 | 02 02| 260446 | 123
2402063 | 247073 | 103 2257 | 01| 1190337 | 496 | 646919 | 269 | 100818 | 42 | 546101 [ 227 | 12860 | 05 8326 | 03 02| 302618 | 126
2849626 | 426415 | 150 1828 | 01| 1541909 | 541 | 563228 | 198 | 96662 | 34| 466566 | 164 | 16654 | 06| 12468 | 04 01| 299592 | 105
2745089 | 469469 | 17.1 1939 | 01| 1545098 | 563 | 385383 | 140 | 71113 | 26| 314274 |114| 19479| 07| 14968 | 05 02| 323716 | 118
2920943 | 641790 | 220 2170 | 01| 1640080 | 561 | 301255 | 103 | 45065| 15| 256190 | 88| 19333 | 07| 15090 | 05 01| 316315 | 108
095| 2626665 | 365395 | 139 2222 | 01| 1483845 | 565 | 444858 | 169 | 59597 | 23| 385261 |147| 18270| 07| 15000 | 06 0 312076 | 119
Ti7%01-005] 19,402,306] 3.103,657] 160] 16332] 01| 9812162 506] 3590414] 185 1149.929] 59| 2440485] 126] 178089] 09| 126454] 07 03] 2701652 139
[113%01-005[ 22:892,993 | 3,082439| 135 19764 0.1 11512638 503| 5389,729| 235| 1,064,16 46| 4325569] 189 154320| 0.7 115870| 05 0. 2,734,103 | 119
AL -101 431 24 95 477 3 504 55 06 -13
[Tl =27 492 280 89 781 34 504 74 5 57
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KB 12.70% 13.85% ~ 14.38%
F775 B4 13.01% 13.16% ~ 15.43%
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2 HFk 14.14% 14.83% ~ 15.63%
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