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Outline

• Motivation 

• Introduction to sorption heat pumps

• Theory of semi-open sorption

• Experimental results from prototype semi-open 
system
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Water Heater Primary Energy

• HPWHs have highest potential efficiency

• Cost and novelty are current barriers – R&D needed
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Water Heater Primary Energy 

• Gas-fired HPWHs have highest potential efficiency

• Cost and novelty are current barriers – R&D needed
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No Gas-fired HPWH on Market

Source: DOE BTO 2016-2020 Multi-Year Program Plan (Feb 2016)
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Vision: New Cost Effective Gas Option 

Gluesenkamp, DOE BTO Peer Review, 2013
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What is a Sorption Heat Pump?

Source: http://www.annex34.org/the-magic-of-thermal-cooling

Source: Kuhn, A. (ed.) Thermally 

driven heat pumps for heating and 

cooling (2013)
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Semi-open Sorption Architecture

Traditional closed Semi-open 

Key 
component
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Key Component: Semi-open Absorber
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Main Benefit 

K. Gluesenkamp, D. Chugh, O. Abdelaziz, and S. Moghaddam, "Efficiency Analysis of Semi-Open Sorption 

Heat Pump Systems," Renewable Energy, 2016.

Significant cost reduction compared with traditional sorption
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Theoretical Efficiency Established
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ሶ𝑞𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
′′

ሶ𝑞𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛
′′ =

1

1 + ൘
ሶ𝑞𝑎𝑖𝑟
′′

ሶ𝑞𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
′′

𝑞𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛

𝑞𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛

𝑞𝑎𝑖𝑟

ሶ𝑚𝑣𝑎𝑝𝑜𝑟

𝑇𝑖𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑒

𝑇𝑎𝑖𝑟
∞

𝑇𝐻𝑇𝐹
∞

Gluesenkamp, K., Chugh, D., Abdelaziz, O., and Moghaddam, S., "Efficiency Analysis of Semi-Open Sorption Heat Pump 

Systems," Renewable Energy (in press).
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Efficiency Expected by Theory 

Contours of heating COP for closed and semi-open 
cycles at various ambient conditions.

Parameter Measured value in 

prototype

hm 4.9 10-2 g1m−2s−1kPa−1

Uair 2.67  0.15 W1m−2K−1

Usoln 28.6  1.7 W1m−2K−1

Efficiency can be 
lower or higher than 
conventional closed 
absorption cycle, 
depending on 
ambient temperature

Gluesenkamp, K., Chugh, D., Abdelaziz, O., and Moghaddam, S., "Efficiency Analysis of Semi-Open Sorption Heat Pump 

Systems," Renewable Energy (in press).



16 Semi-open Sorption HPWH

• Favorable for residential application in 3 climate zones, 

encompassing 54% of US homes

Garage, 
crawlspace, or 
outdoor closet, 

42.6%

Inside house, 
24.6%

Heated 
basement, 

18.6%

Unheated 
basement, 

11.6%

Attic, 2.6%

Favorable Climates for Semi-open System
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Research Opportunities

Performance improved by lower air side heat transfer…

Lower Uair values improve performance at fixed permeability (hm =0.049 g1m-2s-1kPa-1)

Gluesenkamp, K., Chugh, D., Abdelaziz, O., and `Moghaddam, S., 

Renewable Energy (in press).
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Research Opportunities

Higher membrane permeability at fixed Uair = 2.667 W1m-2K-1 leads to better performance

… and higher moisture mass transfer.

Gluesenkamp, K., Chugh, D., Abdelaziz, O., and `Moghaddam, S., 

Renewable Energy (in press).
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Experimental System Diagram
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Prototype Evaluation 
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