Ambient Temperature Sensitivity of Building Air-Conditioning Energy Performance in Energy Audit Studies
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Abstract
Ambient temperature strongly governs the energy performance of building air-conditioning (AC) systems, particularly in tropical climates. In the Philippines, sustained high outdoor temperatures, high humidity, and dense urban development amplify cooling energy demand and degrade system efficiency. This paper presents a comprehensive review of experimental, analytical, and energy audit literature to evaluate the sensitivity of AC performance to ambient temperature. Synthesized findings reveal a nonlinear degradation in the Coefficient of Performance (COP) and Energy Efficiency Ratio (EER) when outdoor temperatures exceed 32–34°C. Specifically, experimental data indicates a power demand sensitivity of approximately 10.24 Watts per 1°C rise in ambient temperature for standard split-type units. Furthermore, energy audits in Philippine academic and commercial sectors identify AC systems as the dominant load, accounting for up to 63% of total energy consumption. This review aligns these technical findings with the mandates of Republic Act No. 11285 (Energy Efficiency and Conservation Act), proposing that "climate-corrected" benchmarking and microclimate mitigation strategies—such as cool roofs and evaporative condenser cooling—be integrated into standard audit protocols to ensure national energy security and regulatory compliance.
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1	Introduction
The global building sector is responsible for nearly 40% of total energy consumption, with Heating, Ventilation, and Air Conditioning (HVAC) systems representing the most energy-intensive component [1]. In tropical and subtropical regions, the demand for space cooling is not merely a seasonal requirement but a year-round operational necessity driven by climatic conditions, economic growth, and rising standards for indoor thermal comfort. Consequently, AC operation has become the primary driver of peak electricity demand and a critical focus for national power system planning [2], [3].
However, the efficiency of these systems is not static. Conventional energy audit practices often rely on nameplate efficiency ratings (e.g., EER or SEER) derived from standard test conditions (typically 35°C outdoor dry bulb). This approach frequently fails to capture the performance degradation that occurs in "High Ambient Temperature" (HAT) environments, where local microclimates and Urban Heat Island (UHI) effects can push condenser inlet temperatures significantly higher than rated conditions [4].
In the Philippines, the enactment of Republic Act No. 11285, known as the Energy Efficiency and Conservation (EE&C) Act, has institutionalized the requirement for "Designated Establishments" to conduct regular energy audits and employ Certified Energy Managers (CEMs). While the law provides a robust framework, the technical execution of audits often lacks granularity regarding climatic sensitivity. This paper addresses that gap by reviewing the thermodynamic mechanisms of temperature sensitivity, quantifying the energy penalties observed in recent studies, and translating these findings into actionable audit methodologies aligned with Philippine regulatory standards [5].
2	Thermodynamic Mechanisms of Sensitivity
The fundamental efficiency of an AC system is dictated by the temperature lift—defined as the difference between the indoor evaporating temperature and the outdoor condensing temperature. As ambient temperature rises, the condensing pressure must correspondingly increase to facilitate heat rejection. A review of technical literature indicates that these higher ambient temperatures force the compressor to operate at elevated pressure ratios, thereby increasing the mechanical work required per unit of cooling energy and directly spiking electrical power consumption [6], [7]. Simultaneously, this increased pressure reduces both the refrigerant mass flow rate and the enthalpy difference across the evaporator, leading to a net reduction in cooling capacity. This dual penalty—consuming more power to deliver less cooling—results in a compound degradation of the Coefficient of Performance (COP) [1], [8], [4]. Beyond first-law thermodynamic losses, advanced energy audits utilizing exergy analysis identify that the highest rates of "exergy destruction" or irreversibility occur within the compressor and condenser during extreme heat. Research by Resen et al. [9] highlights that as the ambient temperature gap widens, entropy generation within the condenser increases significantly. This suggests that during Philippine dry-season peaks, the thermodynamic efficiency of even newly installed units degrades sharply—a dynamic performance loss that conventional, static energy audits often overlook.
3	Quantitative Sensitivity in Field Studies
3.1	Power and Efficiency Sensitivity
Experimental investigations on R32 split-type air conditioners—the most common unit type utilized in Philippine offices and residences—provide precise metrics regarding their sensitivity to ambient conditions. Mitrakusuma et al. [10] demonstrated that for a standard 2.6 kW unit, power consumption exhibits a linear increase of approximately 10.24 Watts for every 1°C rise in outdoor air temperature. Beyond the immediate energy penalty, the thermal stress on the compressor is acute; moving from an ambient temperature of 30°C to 34°C causes the compressor discharge temperature to leap from 46.4°C to 59.2°C.  This 12.8°C spike not only signifies thermodynamic inefficiency but also accelerates oil degradation and mechanical wear, thereby shortening the equipment's operational lifespan [10].
Table 1. Sensitivity of Split-Type AC Performance to Rising Ambient Temperature.
	Outdoor Air Temperature (Tamb​)
	Compressor Power Input (W)
	Discharge Temperature (oC)
	Energy Efficiency Ratio (EER) (W/W)
	Sensitivity Observation

	30.0 oC
	850.5
	46.4
	3.01
	Baseline Rating Point

	31.0 oC
	861.1
	48.9
	2.94
	Linear increase in power

	32.0 oC
	871.2
	51.1
	2.85
	Visible efficiency drop

	33.0 oC
	881.3
	55.4
	2.72
	Discharge temp spikes

	34.0 oC
	891.7
	59.2
	2.62
	Critical degradation

	Sensitivity Factor
	+10.2 W/oC
	+3.2 oC/oC
	-0.10 /oC
	High Sensitivity



3.2	Operational Duration Sensitivity
Sensitivity is not limited to instantaneous power demand; it fundamentally alters operational duty cycles. Studies utilizing water spray cooling as a control variable have demonstrated that high ambient temperatures significantly extend the "pull-down time"—the duration required for the system to reach the desired indoor set-point temperature. At these elevated temperatures, the reduced cooling capacity forces the unit to operate for longer periods to remove the same amount of sensible heat. This extended runtime prolongs the period of peak power draw, thereby disproportionately inflating the building's peak demand charges and overall energy consumption profile [1].
4	Building-Level Impact and RA 11285 Alignment
4.1	The Dominant Load in Philippine Audits
Case studies of academic and commercial buildings in the Philippines confirm that air conditioning is the overwhelming driver of energy consumption.  Specifically, an audit of a University of the Philippines office building revealed that air conditioning accounted for 63% of total electricity usage, significantly dwarfing lighting (23%) and plug loads (14%) [5]. This dominance has profound implications for compliance with Republic Act No. 11285, which requires Designated Establishments to meet specific conservation targets. Given the 63% share, even minor improvements in AC management yield the largest return on investment; conversely, ignoring the system's sensitivity to ambient temperature makes regulatory compliance virtually impossible during the hottest months of the year.
Table 2. Comparative Building Energy Profiles in High-Ambient Temperature Regions
	Location
	Building Type
	AC Load Share (%)
	Lighting Load Share (%)
	Plug/Misc Load Share (%)
	Audit Conclusion

	Philippines (Diliman)
	Academic Office
	63%
	23%
	14%
	Dominant load; highly sensitive to external heat.

	Malaysia
	Institutional
	56%
	24%
	20%
	AC retrofit offers highest ROI.

	Saudi Arabia (Riyadh)
	Commercial Office
	50%
	31%
	19%
	Cooling demand correlates strictly with solar gain.

	Indonesia (Pontianak)
	Hospital
	48%
	18%
	34% (Medical)
	Critical need for stable microclimate.


4.2	The Set-Point Opportunity
A critical finding in local energy audits is the prevalence of over-cooling, with many facilities maintaining indoor temperatures between 20°C and 22°C.  Aligning these settings with the government-recommended set-point of 24°C serves as a vital buffer against ambient sensitivity. By raising the indoor temperature, the pressure lift required by the compressor is significantly reduced, thereby mitigating the efficiency loss caused by high outdoor temperatures [5].
5	Urban-Scale Feedback and Mitigation Strategies
5.1	Urban Heat Island (UHI) Feedback
The heat rejected by AC condensers actively contributes to the Urban Heat Island (UHI) effect, raising local temperatures and establishing a detrimental feedback loop.  Research indicates that condensers located on concrete rooftops may experience microclimate temperatures 3–5°C higher than official weather reports [4], [11]. This feedback loop, where increased cooling demand generates more waste heat that further elevates ambient temperatures.
5.2	Indirect Energy Conservation Measures (ECMs)
To counter this ambient sensitivity, recent literature proposes technological interventions that modify the condenser's immediate environment. For instance, spraying water mist on air-cooled condensers can reduce the air temperature entering the coil; experimental results show this technique restores cooling capacity and reduces power consumption by minimizing the pressure lift [1].  Similarly, the application of high-reflectance coatings reduces the surface temperature of the roof. This indirectly benefits rooftop AC units by lowering the temperature of the air layer surrounding the intake, offering a passive method to improve the system's Energy Efficiency Ratio (EER) [11].
Table 3. Proposed Climate-Corrected Energy Audit Matrix for RA 11285 Compliance
	Audit Component
	Standard Practice
	Proposed Climate-Aware Practice
	RA 11285 Alignment

	Performance Benchmarking
	Uses Nameplate EER/COP.
	Uses Temperature-Derated EER based on local weather data.
	Improves accuracy of "Designated Establishment" reporting.

	Microclimate Assessment
	Not typically recorded.
	Assess Condenser Environment (e.g., rooftop heat island, shading).
	Identifies passive Energy Saving Opportunities (ESOs).

	Operational Settings
	Records "As-Found" temp.
	Benchmarks against 24oC Standard (15% savings vs 20oC).
	Aligns with DOE Department Circulars on conservation.

	Retrofit Prioritization
	Focus on unit replacement.
	Prioritize Heat Rejection Efficiency (e.g., Cool Roofs, Water Spray).
	Addresses "System Loss" reduction targets.



6	Conclusion
The energy performance of building AC systems is acutely sensitive to ambient temperature, particularly in the tropical context of the Philippines. This review has demonstrated that AC units are not static energy consumers; their efficiency is a dynamic function of the external environment, with power demand increasing by over 10 Watts for every degree Celsius rise in outdoor temperature. In Philippine buildings, where AC consistently accounts for more than 60% of the energy profile, this sensitivity translates to significant economic and operational risks as global temperatures continue to rise.
The findings underscore a critical gap in current energy audit practices: the reliance on nominal performance ratings rather than field-measured sensitivity. To fully align with the mandates of Republic Act No. 11285, energy audits must evolve. They should move beyond simple equipment inventories to include "climate-corrected" benchmarking that accounts for high ambient temperatures and the Urban Heat Island effect. Furthermore, audit recommendations must prioritize low-cost behavioral adjustments—such as standardizing the 24°C set-point—alongside high-impact technological interventions like evaporative condenser cooling and cool roof applications.
Ultimately, mitigating the ambient temperature sensitivity of AC systems is not merely a technical challenge but a national energy security priority. By integrating thermodynamic sensitivity into the Energy Efficiency and Conservation (EE&C) framework, the Philippines can ensure that its building sector remains resilient, sustainable, and capable of meeting its carbon reduction targets in an increasingly volatile climate.
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