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The global push for sustainable cooling solutions has revitalized interest in thermal-driven refrigeration 

technologies. Among these, the Lithium Bromide (LiBr) absorption chiller stands out as a pinnacle of 

engineering that utilizes waste heat or solar thermal energy to produce chilled water for space conditioning and 

industrial processes. Unlike conventional vapor compression systems that rely on mechanical work and 

environmentally taxing refrigerants, LiBr systems operate on a thermo-chemical cycle using water as the 

refrigerant and a lithium bromide solution as the absorbent.

Fundamental Principles of Lithium Bromide Absorption Cycles

To understand the complexity of a LiBr-based absorption chiller, one must first grasp the hygroscopic nature of

lithium bromide. LiBr is a salt that, when in an aqueous solution, has a powerful affinity for water vapor. This

characteristic allows the system to maintain a low-pressure environment in the evaporator, facilitating the

evaporation of the refrigerant (water) at low temperatures.

The Role of Water as a Refrigerant

In most HVAC applications, water is rarely considered a refrigerant because its freezing point is 0&deg;C. However,

in LiBr absorption systems, water is the ideal candidate for high-temperature cooling (above 5&deg;C). It offers a

high latent heat of vaporization, is non-toxic, non-flammable, and has zero Global Warming Potential (GWP). The

fundamental limitation, as noted in various technical studies, is that it cannot be used for sub-zero refrigeration

(e.g., freezing air directly) due to the risk of the water refrigerant freezing within the evaporator tubes.

The Absorption Mechanism

The cycle begins in the evaporator, where the refrigerant water evaporates at low pressure, absorbing heat from 

the chilled water loop. This water vapor then migrates to the absorber, where it is absorbed by a concentrated LiBr

solution. This process is exothermic, requiring a cooling water circuit (typically from a cooling tower) to remove the

heat of absorption and maintain the solution's effectiveness.

Core Components and Technical Workflow

A standard single-effect LiBr absorption chiller consists of four primary heat exchangers and a solution heat 

exchanger. The integration of these components determines the system's Coefficient of Performance (COP),

which typically ranges from 0.6 to 0.8 for single-effect systems.

•  Generator (Desorber): This is where the external heat source (solar thermal, steam, or waste heat) is applied 

to the dilute LiBr solution. The heat boils off the water vapor, re-concentrating the solution for another cycle.

•  Condenser: The high-pressure water vapor from the generator is condensed back into a liquid state by 

rejecting heat to the cooling water loop.

•  Evaporator: The liquid refrigerant passes through an expansion valve or orifice, entering the low-pressure 

evaporator where it sprays over tubes containing the process water to be cooled.

•  Absorber: The concentrated LiBr solution from the generator sprays into this chamber to soak up the water 

vapor coming from the evaporator.



•  Solution Heat Exchanger (SHX): This component is vital for efficiency; it pre-heats the dilute solution going to 

the generator using the sensible heat from the hot, concentrated solution returning to the absorber.

The Critical Challenge of Crystallization

One of the primary operational hurdles identified in technical literature, such as the studies by Gerstler and Tang 

(2011), is the risk of crystallization. Crystallization occurs when the concentration of LiBr in the solution exceeds

its solubility limit at a given temperature. This usually happens in the solution heat exchanger or the absorber if the

cooling water temperature is too low or if the generator temperature is excessively high.

When crystallization occurs, the LiBr salt forms solids that can clog piping and damage the solution pump. Modern 

systems utilize concentration control logicand "J-tubes" to automatically redirect hot vapors to melt any formed

crystals, but preventing the condition through careful thermal management remains the industry standard.

Engineering Cold Storage Integration

Because many LiBr chillers are driven by intermittent sources like solar energy, Cold Storagesystems are

essential to decouple energy production from cooling demand. Research by Agyenim et al. highlights the use of

vacuum tube collectors to drive chillers, where cold storage allows the system to provide cooling even after sunset.

Methods of Thermal Energy Storage (TES)

There are three primary ways to integrate storage into a LiBr absorption system:

1.  Sensible Heat Storage (Water Tanks): Storing chilled water produced by the chiller in large insulated tanks. 

This is the simplest method but requires the most volume.

2.  Latent Heat Storage (PCM): Using Phase Change Materials (PCMs) or ice-slurry devices. As noted in recent 

patents, an ice-slurry preparing device based on LiBr refrigeration uses a low-pressure environment to create a 

pumpable ice-water mixture with much higher energy density than sensible water storage.

3.  Chemical Energy Storage (Solution Storage): A novel approach where the dilute and concentrated LiBr 

solutions are stored in separate tanks. This effectively "stores" the potential to create cooling by maintaining a high-

concentration solution that can be used to absorb water vapor on demand.

Technical Comparison: Absorption vs. Vapor Compression

The following table provides a technical breakdown of how LiBr absorption systems compare to traditional electric-

driven vapor compression systems.



Feature LiBr Absorption Chiller Vapor Compression Chiller

Energy Source Thermal (Solar, Waste Heat, Steam) Mechanical/Electrical

Refrigerant Water (R-718) HFCs, HFOs, or Natural Gases 
(R-134a, R-32)

Moving Parts Very few (Solution/Refrigerant Pumps) High-speed Compressor

COP (Typical) 0.6 - 1.2 (Single/Double Effect) 3.0 - 6.0

Maintenance Low mechanical wear; focus on 
vacuum/corrosion

High mechanical wear; refrigerant 
leak focus

Noise/Vibration Extremely Low Moderate to High

Thermodynamic Analysis and Performance Metrics

The performance of a LiBr chiller is mathematically expressed through the mass and energy balance of each

component. For the generator, the heat input (Qg) is defined by:

Q<sub>g</sub> = m<sub>w</sub>h<sub>v</sub> + m<sub>conc</sub>h<sub>conc</sub> - m<sub>dil</

sub>h<sub>dil</sub>

Where:

- m<sub>w</sub> is the mass flow of refrigerant vapor.

- h<sub>v</sub> is the enthalpy of the vapor.

- m<sub>conc</sub>/m<sub>dil</sub> are the mass flows of concentrated and dilute solutions.

- h<sub>conc</sub>/h<sub>dil</sub> are their respective enthalpies.

Efficiency is heavily dependent on the Generator Inlet Temperature . Studies show that a minimum temperature of

approximately 80&deg;C is required to activate a single-effect chiller. If the source temperature fluctuates (common

in solar applications), the COP can degrade rapidly, leading to the necessity of the "novel reformed LBAC" designs

mentioned in technical papers that optimize the absorption principle for variable heat inputs.

Practical Implementation: Solar-Driven LiBr Cooling System

Implementing a solar-driven LiBr absorption system requires a holistic engineering approach. A typical 4.5-kW

cooling unit might require approximately 12 m&sup2; of vacuum tube collectors to achieve the necessary activation

temperatures. The system design must account for:

1. The Heat Collection Loop

This loop typically uses a glycol-water mixture to prevent freezing in the solar collectors. A high-efficiency pump 

circulates the fluid through the generator of the chiller. A stratified hot water storage tankis often placed between

the collectors and the chiller to act as a buffer.

2. The Chilled Water Loop

Chilled water produced in the evaporator (typically at 7&deg;C to 12&deg;C) is circulated to Fan Coil Units (FCUs) 

or Air Handling Units (AHUs). The integration of PCM cold storageat this stage can significantly reduce the size of



the required chiller by meeting peak loads through stored cooling capacity.

3. The Heat Rejection Loop

The absorber and condenser must reject heat to the atmosphere. This is usually done via a wet cooling tower. The

sizing of the cooling tower is more critical for absorption chillers than for electric chillers because absorption

systems reject nearly 2.5 times more heat per ton of cooling due to the addition of the heat of absorption.

Troubleshooting and Operational Best Practices

Maintaining a LiBr absorption chiller requires specific technical knowledge regarding vacuum integrity and chemical

balance.

Vacuum Integrity (Purging)

LiBr chillers operate under deep vacuum (approx. 0.8 kPa in the evaporator). The presence of non-condensable 

gases (like Hydrogen, produced by internal corrosion) will increase the internal pressure, significantly reducing 

cooling capacity. Modern chillers include an automatic purge systemto remove these gases. If a chiller fails to

reach its rated capacity, the first troubleshooting step is checking the purge frequency and effectiveness.

Corrosion Inhibition

Aqueous Lithium Bromide is corrosive to carbon steel and copper, especially in the presence of oxygen. Chemical 

inhibitors, such as Lithium Chromateor Lithium Molybdate, are added to the solution to form a protective film on

the internal surfaces. Regular solution analysis is required to monitor inhibitor concentrations and pH levels.

Managing High Ambient Temperatures

As ambient temperatures rise, the cooling tower's ability to provide cool water to the absorber diminishes. This 

increases the internal pressure and the risk of crystallization. Systems designed for high-ambient climates often 

incorporate variable speed pumpsfor the solution loop to maintain optimal concentration levels even when heat

rejection is compromised.

Broader Implications for Energy Infrastructure

The integration of Lithium Bromide absorption chillers into the broader energy grid represents a shift toward 

Integrated Energy Systems (IES). By utilizing waste heat from power plants, data centers, or industrial furnaces,

these chillers transform a byproduct into a valuable resource, effectively increasing the overall thermal efficiency of

the plant. Furthermore, in regions with high solar irradiance, solar cooling provides a perfect load-matching

solution: the period of highest cooling demand coincides with the period of highest solar availability.

Future advancements in LiBr technology are focusing on triple-effect cycles and the use of nano-fluidsto

enhance heat transfer rates in the absorber and generator. While the initial capital expenditure for absorption

systems remains higher than vapor compression units, the lifecycle cost—especially when considering carbon

credits and reduced peak electricity demand—makes it an increasingly attractive option for green building

certifications and large-scale industrial efficiency projects. The synthesis of cold storage with these systems further

ensures that the transition to thermal-driven cooling does not come at the expense of reliability or performance

stability.
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