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Abstract: Traditional vapor compression refrigeration systems account for approximately 15% of global electrical energy
demand and rely on refrigerants that contribute significantly to ozone depletion and global warming [1], [2]. This research
investigates the design and performance of a sustainable alternative: a solar-powered thermoelectric refrigerator utilizing
the Peltier effect. The system integrates 12V DC thermoelectric modules with a photovoltaic array and battery storage,
eliminating the need for moving parts or chemical refrigerants [3], [4]. Experimental results demonstrate that optimized
systems can achieve a Coefficient of Performance as high as 3.74 at a current of 1.4A when the cold side temperature
reaches 0°C [5]. Performance tests on a 2.6-liter cooling chamber showed a rapid temperature reduction from an ambient
22.48°Cto 15.15°C within 136 seconds [3]. Furthermore, the integration of dual-axis solar tracking can enhance the COP
by 44% to 75% compared to fixed-panel systems [6]. The results highlight that while thermoelectric coolers typically
have lower COPs than conventional systems, they offer a 44-63% reduction in power consumption for small-scale
applications and a potential lifespan of up to 40 years [3], [7]. These characteristics make solar-powered Peltier
refrigeration an ideal solution for portable medical storage and food preservation in remote, off-grid, and humanitarian

contexts [8], [9].
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INTRODUCTION

Conventional refrigeration systems rely heavily on vapor compression technology, which accounts for approximately
15% of global electrical energy demand [1]. These systems utilize refrigerants such as CFCs and HCFCs that contribute
to ozone depletion and global warming [2], [3]. Solar-powered thermoelectric refrigeration offers a sustainable alternative
by utilizing the Peltier effect, where electrical energy is converted directly into a temperature gradient without the need
for moving parts or harmful chemical refrigerants [1], [4]. This technology is particularly vital for remote areas where
electricity is scarce, providing a portable and maintenance-free solution for food preservation and medical storage [5],

[6]-
LITERATURE REVIEW

Research in thermoelectric cooling has focused on improving the typically low Coefficient of Performance compared to
vapor compression cycles [1].

Performance Benchmarks: Studies have shown COPs ranging from 0.1 in basic setups to 0.66 in portable models, with
highly optimized systems reaching COPs of 3.74 through advanced heat dissipation techniques like curved fins [5], [7],
[8].

Solar Integration: Researchers such as Chaudhary et al. and Durgakar et al. have demonstrated that 12V DC solar-powered
boxes can effectively reduce internal temperatures below ambient levels [7].

Optimization: The use of dual-axis solar tracking systems has been found to enhance solar energy capture, leading to a
COP improvement of 44—75% compared to fixed panels [9].

Design Variations: Comparisons between single-stage and multistage TE modules indicate that while single-stage
modules achieve significant temperature differences more easily, their COP remains lower for domestic applications [7].

METHODOLOGY

The development of a solar Peltier refrigerator involves the integration of photovoltaic systems with thermoelectric
modules.

Power Supply: Solar PV panels (e.g., 660W or smaller portable units) capture solar radiation, which is regulated by a
solar charge controller to charge 12V batteries [6], [8].

© IJARCCE This work is licensed under a Creative Commons Attribution 4.0 International License 1278


https://ijarcce.com/
https://ijarcce.com/
https://dummy-citation.com/citation?d=z%3AjVZNc9s2ELXbTtvpoef2VByTjiVLsmJb7cl1nEmmTaNplPgMEUtyYxCgAdCyfHLbQ6859NR%2F4r%2BTX9IHkFbkr5nMaEYksLvY9%2Fbtgn9ebXyWW8cFm6%2FUwrqTq41vSzn3wcksLL%2FMZiW5ypKmLDjORGatJueFIVLielVqQYZcsRTBisyRDCQCVTU5GRpHQnGekyOTkRdzCgsiI0JJorRBSKMQVCvhWZH%2FGWsLOiO3JWrs2jOrg8SxfukR0AuuKlKM%2BHoJLwPDILzV0gkn4zpbI9ggizup9QWQCB8atRTshYR7NWcDFI%2Bmb3uzo8PHHy7%2FpXPkzBWZAL%2FWFgFlTPYuCcImgGwKMQdyRJ%2BSDowNAtwsRDKkkXp5QQmlAi5t62SJ8%2FrilUkPYiG9aDyprWTGwYMw5OABxosFiBOPxoMf8dvpjx%2BLqmqhZI0DpUE4Om3YAUeXRIwIgLsHKdpw9FY8xVnR434UsP1IFmitUYAunOy4bdmPhHv2CbDNRVhYsbs7OO5samlIe0Do3rNSugLhYxLRNCYylyGAX%2FJtPo58o4HWgRipcaTEo05F9CXXN6SSWZDKGUfEOBzMQ7SVhKTaE2DCpm5CV23k4dPi4aup8FFTiB6lEdXp4dPurrugPu0m6rAoOSuTTIwg73EoQxA5OsI6gYO7lKyOXNTOQtgdpvtlfx0xVjq6ftxZgZRQYwS36oe1SKAVuSRugAOy6pC1R0aIjj16q4t%2Bfw4rfBAb8GgIDYejC7Dgg5xr6ouX1pFN3dcCNL6p6tRU12prOeGqti5IvHecMHhKIrIGyoLSGZRsQQopUNtJuc2iymNHKaoQGyMmiSmadC0TdZVO7gbCDSxwTJttKm23xAJVNXedftq0IyDynNsG%2B2saQt%2B8CKLE1jyutPuhlOB8xU0EcpvCOzlpkgpMo7shLelqVEY1WTd7HmRuRXokmzVfXLdBJc%2B5amJ7PSjxiGenvzfe2d0Sdo6JGOcWEl%2BjQwz745vD9DaIC3IWQAtHqHgWNV1gaKLqsxJVLbkoxZnUzRrgB%2FNpOxc55M5WmF2xisjjLK4whha4gUQcpCRK3AZQofdct7VJLtfTP%2BbZ1zKLDUTqKfRdjAajJ73hsAKHCah7YXJ7tfFFIZtQWucvNUJDdc%2BS8tSk%2F2RCgYOm8x8O6lozcnhJmD4QYtQq3hDVoX99jtukqej7z%2F%2BrV8F%2Fs5lEmKuNTeRX0B%2FSFIQbkXN2Pkyx8t0%2FpZbd43sd%2FRzPG7j4v2CnjKyifZ7LivWSZhIzlgo%2BI1P%2FbtEYB1o8b5TEPyuHebtx16k60B8u3z%2BXlVRIunVm2IuDvnjWb70yVh4cZMpyPRz0x4PR%2Fnbdk2eno2wMcufmMlJs%2FuYhRnJvsrOzG59Gvb3x%2FohHo8leb38yHpa4sXAh0fnJ8Xg8GO4Nngz2Ju%2Fg2LTcvwP3495gvzecVHUz1%2ByBpqV%2FMyW9mDmJ8s7Ar5hGA5AXp%2FUJBGEbl9Ebp89FGULtf9reRrJ964rt2wkXvpmHZR0pOJEucKZphtdNRCKb%2F8pGrS8T7mK9hK3OGJL7ZXmIxg2bwVE32NQxvlp8Wv2mU4I6Wr%2FIX6fxE6UwXdPwQbyacZ9Fbd%2F6yDlsb8Y3Sdev03U2Xf8aOUoXhooYvobsPwHy%2Fw%3D%3D
https://dummy-citation.com/citation?d=z%3AdVXNctxEEHYCKbhwDyfmQhWhsvL%2BeZ3AydhJkcJVbNmmAsdZTUtqezQjZkb2ipOhiifgxFtw9ZVH8QPwDHwt2fEa4oNdK01P99ff93Xr16utx4UPXLL7yFz4cHa19UmlVzEFnafuyWd7Kvd1EyhGHxRHlSpStY9JNf6Cwij3LrY1u7IP845cUuyUVoEKJKWgE3unYhcT1c%2BVdkaRo1B2KuY65Jw6CZekAFErXyiylKfA%2FVGlo1oRMhMylkGfk8orbS25kvp73uju%2BvLPqIDcmkwdUWN1LnAk5QbyC06Vit7qMOqBk1G5Je1u0eS%2BtQa1gFBRUaC8dKJtouDQAgonj55Mm9PdFWm9Gfrj0jFuaZdsl6kTFB9aVgIAqaSeoOFIEb0c30OC8FBrC%2FSbnB0PCVY6IgTP0tGSbGIK6lVRgKXnqmhdLsHSMUI0ingrD7U3raVMHbMDYrl6gwcS3qNBNFG6Tb5G1Xw4UyL%2BGcqkSoucuQ%2BNBypAP%2BSySuqAGnJGGDqiyDH5gKYgrVaRwrlHdbySUozOoZu0D%2F5i2zS2U7Vec92CGkGgVj2TiV3r24hTeBGJbyVstCN7axHDAV0LN%2FBJbJ3twUjhVLVAYC90F9UZUSPXOYlZQknwxUkFMKIEPFcpzTWM7HFT2y4O9DQUxIFa6EJ2dHJPIoSE2t96873uHmQH8QBs6Jysb3ARdTVM4GuOAmrTUainDLwdhfi7jCATouRw5ECDhGk1n19f%2FrGYfa5M8I0QMrC3aUJ0JPL3LqhrwoEwr3LdYCQwTZslpMdptjjM1GtgA96CHfeoaA0qGNdT39zznh2LYph5dIlDndrQkzTZySY7f%2F%2B1ry4wpzqvGF2bftRuBLtPE9SoV8CsC3Aw4H83qRzyFoJJr5PZAjZCYyZm6o2gwsR3Aw7NsJWLbAbRHsif1HSazV8Isi%2Fwqh%2FlDejPerzCowgE%2F%2B1msxmCM7WnKlhK7X%2B%2FlPbG2c681%2B%2B2M9T4DzsZtk2ODUPmAFSX0%2FF0ZzSZ1GJozVgTb1zhr7aelBiwCrpeWq4hRnqNPx%2FMNJvOiGNs6QNKnCylPQwIo1K%2FH9SrftEU5962NT39unmX9tDnIuLV1iNudElHGvsQexwbKMS0xJun15XVNz%2F%2FsXIv8ApDHuLviDNO1xJfFLpm2xUHlb7AnJWQ3xXHVaBOgx1LW%2F%2BPJSyUSg%2Bh5ogfDjzdx%2B5oA2jjIZqPRZ5Kn%2FNDV4qlRvwvQzj91Ma2eCg0%2F1b%2FPMRVe6sAqn6wQ2jOJl5tfZgbz%2BtPJ%2BNsNhnPtuN4PJ7tjifr6XQxHr%2FYnRuOK3eJ%2F9H9xnI4wumPPHk5m49ezqfzCqOL3UDrs7fzGeIXs8WL3dNeqV7oUwg9G40Xo%2FGkbtqV5Yj1MGj9qEcal5ZYGyzM5XAMo5exXaWukS7OdMDMWzrB4yPYiHzxHTuz%2BZqSuB6xFrNL5ptuX%2FbB4wTLYyFhS5m3%2BFjH%2Fu3TLwf7rIuDYe%2BIP%2Fu9uNzYanv9toOfZb05tTfs%2FFuzjZabH6O7Tfe%2Bb5KRNj7O22DXz6qUmvjV9jYIz3wotx%2Fk%2FF8%3D
https://dummy-citation.com/citation?d=z%3AlVZNbxxFELURiJw4R3BpCSFi4V3vbtZZEnFxTCJFwcLEBnPtna7ZaW9P96Q%2F9oOTIyHxAzjxL7j6yk%2FhR3DmVc%2BsbUwcwcEfO1NV%2FerVe9X75nLrvdJ5PdP2Q7V0fn659VElpyF6WcT1B3%2BdViSCM9L3GrckT0rEinztyFARvS6EpxLZ5GV0Xjw4OT59tSN0ENIKba1byKgXJGTTeCeLCskyihQotEUFWfKztYhOFM4ZERpZUOiLFzEIKkscgWxLIeAYo5HlbJeoLf%2BNGg9wNN5Iq9pDIxkDQDYKlaTpyRXQtDnc01zbmQjrEKkG2tOTnRZSjbBa%2F3QbVyGbmDz1xTF5sFRLW6AZK806oKorBfcrljpyZyRKvQJBjbSEVnKdzUlnJ6c7GeI1JhwupmsxJ2oYE%2BfnakAjRYgIlh4t1VPNvaBKwyQDDZ872hd%2F%2FH4oljIAo%2Fcax7oEZq0iL4wrpBGF0TWYAbFWaSYKvPI0aYVCukZRBIG5KALF1IC5wiTFTL57xKfPXu3s3g6pnUqG%2BOURXra9Zx7Cbm4bzb7l9FIDmp2B9AriYmmheSaicJi%2BLnLn6BYpV%2Bw%2FOPz2eOeKekUNWZV1wXmdNryXSnN0xtkN4fOAFhuQlIXcvUm%2BhOJus3td6mYPLTBneFqsubahrJxU54ha2%2Fz%2FQprEYi0FwAbBvhHD%2FvBxDhr0RxOBdoTSHuwZqMylxqD9azFJAcHk6FF%2FMOnSHj7OaaByFyMJTesOs%2B6LQ1c3kr15pcSsn16I2vxTieiEMUHfFfPDc2CY4%2FGfF79O9sVn2bpFpWlBqu0PJyUDO0oTXJ7TzSm1ZBgnVU4UZbIAhWF0JF4rB%2BCyua%2BpxEZQqeDKYAcLYNoWJLUrlpXGruCKeQcgF0bhnFuqQwmMLebF0B4I%2FbWwbw6KK4Fq5xUqAbvGoZuxLSvqpNM6lW2dpYDQFLgClgpbFU1JeIqYymTtWii53gxrU%2Bytq6nFk2dbwa7AjJXWNUx2ob2zrR2gBLAFOZt1q84pm1OaSN62azSvSYt0Ls4W75pssXcyDQnD11ZO4UeVchIXg9WyV4hNxGyxR7o63bbDqF3yvICNLPAnkPoaDcxGg9Gj3mBU42yuTP6FLd3l1vszmWLlfLjApsFs43P8gOT9%2FuQxRR0NrT49lAG9x6R4RtoyFfCxEc8sLhzCJrCzcuFMqun%2BV81V%2FW%2BwwFDpcmtbN3JGr6SdEe4pXWof4jGefLy1%2FdtRZeSNT4azvZ4mJIZfEK2srDmrLGWtzZq%2BkzWUNssXygFeWuWhtq1%2FR5YvpV1K04aWBzXS5F2xdFCfS9WGVkepkohWdxZ%2BLr1zr%2F9jNB0liw2xAUxk7gZRoU6H96SSpX59V%2Bj8YKqcMbLCemwT1JE0ug0vtAoYa6GcXn0yHPSHg%2BGjvfN%2BETRUDBGM8WQ8%2BXKodJjaC%2FwO9o0ejYbj3nB%2F8mMF30BMtJqfjceDwWg0njx6eI6g1MronCv0BhNWUpOmRgdooVXSdkY5f2YCLTQusKc%2FzDda%2FN6b1RdVjE14srcHYH3nZ3vvwDYLaRrXDbc8l1gNcOwpPm5D6OTKl3DBzceUbYdYU6COero%2BdMnGexF7CzsbTlFn%2BEoU8tP7LzpR%2F3ygFlie2Xg3vNaZ8cmd3xVwq%2BcvUsoz73dfsrw4um3E%2Bx6Lq7fZC1wh5btccZP3ivQ%2F6fkb
https://dummy-citation.com/citation?d=z%3ArVZNcxtFEHWoUHCBC1VUCJep4kIgWu3K8YfgpDiCUCSQsgwh3GZ3e3fHmp1RzcxKVk4hBRR%2FgN8BV1%2FhR3HhwJvZtSw7Viqp4mBLO%2BqP193v9ezz0603Cm1EKdRb%2BUKb6enWuxVPrTM8c8vr%2F46Y0nOSLCcrSsV0wTibaeN4KolZLblhriJTa5KUOSMyZqhAODLcacOEZTOjZ9pSzoSCKQ6sa%2FJlxI4qYpnWUqiSUVHA20dHsMsBa503SAbPxgkpniKU0z7sXOTnIXDkfS9ktzOeETJp1tgQlhWNlMDvSDnB5csTfnw0fnjrdjCoiDuEPoYBshdG1%2B2xdsx6EF2cc6QVN4qsrxrNRcukXvQc1TMPrDFtQI%2Baz2ZSZPiu1cWOZBWvUzIeODpnEWJBUvaEso3kHoQBFq5KPBk4KceFgnnNWzQj2dRCNXUb1C4tkrMFt90c2xbyrBI0J5bE7K8%2FD9r5eAQyX6UPVo7BkV9obcTGJyhG1Ggk%2BmgIsJyPXmvlueMRugpN8xG79JluENkQ0oZjD8V4u7W%2BeH6lunFXYOog3WaLSqDJuv3lbASf%2ByedhjZcDOmrbmPeCTEjNmKVKDFyhAXxRCZQhM8MF0yr5irD8A%2B%2BfXTrHE4c7SYh0iqFn2uqXbWaGFf5aqwtn61Plel61rgwYTQKDIGYAiRpNVoAbelZOw4r6jDbUFdLRt0L1IRjvlS8BjdTqvhcIPfV1L1A%2F8Z6LEeH30yeTKDVwi24oSgQok0FTKvR2UovgIOzUmt8lIbID5ctBGqkK4YdsQeiwGiWGabBUdzSkgVL0fJQW8aNEYjo29ciGWeajZpcOHYwnrBx3jDoc7pCFnrgd0MobC54CrW75VmlihYde1tSXwK%2BYttq37SLqyMfJESQiUYPuZTLED7gzhmpuTBatdXhJ3SQVC6XkeRZFkR8D1MpB%2FFgtxdv1yuxfaUKfbp1veSNq7Sxz6SoUY%2F7An%2Fa5DvR3pCccJJOPjrgWD8TlCbQIVAa8MNQxwprl9BZVRZzDcnSe7NV%2BAcae0Gb061rYsZLOoTYCctaFMJY9wgnN7eu%2FfZPJfnak%2FTeRqQNHO0vsM7BGu9VFGCPXBaHvAK%2FqRRzUtUkYg9B0Sg3WtLWi9bVfb8hoLvWfjqqarR1hMVCm1zKLytS%2FO8%2FWo%2FyoOK6mYpN1sWEixwaDcbp4UYgubdrrehHXnDTGmYit6dbb2a5FicfJnGUxMlu%2FzjKrHAUYVz%2BJN4ZDnNhU%2FUM%2F636SQwGyZ1esrP3Q1bz8ng7jveHuzvbyaCCDEFiOpk%2BPj88hk%2FTzv%2FYB%2BzFg14yhKBTKSyG2FLgWoA7HUtLc4G1cvf7KcipG5PRd0aefFo5N7Of9fvAGWlT9l8CtbRN6pYzX%2FuUGyegrSM8XoNSSRdfC5WvH1MgLGxlhjj53eWBbpS7ETusAegQeyx%2FjCvddscdHZ88WttzXgDyso4hlnDRtwp69es%2B99DfzprXLPr8FeR69wryzgvS2%2Bkl8atKbxjFe12t%2FUljvUvAP4ZnuWRHlFVKS116Nfr6R0hkrde%2F7WT4%2FmvI8MavKw3e%2BP2CAH%2B%2BgvHAYLOm4%2FI9gX5vFMeB0JnotHc8koAIsEZvsqeH%2FOnTzrwYwZI2hqbDxlq9Mi1Jdqbrirp5PjELomFgyV4UDyIcrQnquRfUdi%2FZ3t8%2F%2BzbcDdIa7AwH%2B7t3dveHa9I6P7worWQPq7UX772mtIZnLBNG2GiGi9jpSLh%2BKhzeQojX%2FSTZ2d%2FuD%2FbiwSCO%2B9udYV78L0L74GqhTTvy3Z%2BATP6StSzFDYCrMLyzbFJPuBqqBroUjhtQI7zX0Ymza7r6ZLOuLk%2FpPw%3D%3D

IJARCCE ISSN (0) 2278-1021, ISSN (P) 2319-5940

International Journal of Advanced Research in Computer and Communication Engineering

Impact Factor 8.471 :: Peer-reviewed & Refereed journal :: Vol. 15, Issue 5, May 2026
DOI: 10.17148/IJARCCE.2026.155163

Thermoelectric Cooling: The heart of the system is the Peltier module (typically 40x40 mm). When DC current is applied,
heat is absorbed on the cold side and rejected on the hot side [4], [8].

Heat Management: To maintain efficiency, the hot side must be cooled using aluminum heat sinks and high-speed DC
fans to prevent heat backflow [4], [5].

Insulation: The cooling chamber, often constructed from aluminum or insulated plastic with capacities ranging from 2.6L
to 5L, is sealed to minimize thermal gain from the environment [4], [10], [11].

RESULTS

Experimental evaluations of SPTR systems have yielded promising data:
Temperature Drop: In a 2.6L chamber, temperatures dropped from an ambient 22.48°C to 15.15°C within 136 seconds
[4]. Other designs successfully maintained internal temperatures at approximately 10°C [11].

Energy Efficiency: Solar-powered units demonstrated a 44-63% reduction in power consumption compared to
conventional refrigerators of similar capacity [4].

COP Stability: The COP is highest when the temperature difference ($\Delta T$) between the hot and cold sides is
minimized; for instance, a maximum COP of 3.74 was recorded at a current of 1.4A when the cold side reached 0°C [8].

DISCUSSION

The performance of SPTR is highly sensitive to solar irradiance and the efficiency of heat rejection [9], [12]. While the
COP of Peltier modules is lower than vapor compression systems, their environmental benefits—being refrigerant-free
and noise-free—make them superior for specific niche applications [1].

A critical factor identified is the relationship between input energy and COP; as input energy decreases, the COP tends
to increase until it stabilizes [8]. Furthermore, the lack of moving parts translates to a significantly longer lifespan,
potentially reaching up to 40 years, with very low maintenance costs [5]. This makes the system economically viable for
humanitarian contexts and remote medical clinics [11], [13].

CONCLUSION

Solar refrigeration utilizing Peltier modules is a viable, eco-friendly solution to the environmental and energy challenges
posed by traditional refrigeration. Although currently limited by lower COP values, advancements in heat sink design
and solar tracking significantly enhance their effectiveness. Future development should focus on optimizing
thermoelectric materials to achieve higher cooling capacities, making SPTR a mainstream alternative for portable and
decentralized cooling needs globally [1], [9].
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