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SUMMARY/ABSTRACT: The goal of this project is to understand the potential energy and productivity 
improvements using modified drying protocols of Pacific Northwest hops. Oregon (12%), Washington 
(73%), and Idaho (15%) account for nearly all of the total hops grown in the United States, with a value of > 
$630 million. After hops are harvested, they must be dried from 76 to 86% moisture content to 
approximately 8 to 10%, prior to further processing. Hops are dried in fuel-fired kilns with electrically 
driven air blowers. Drying is an extremely energy intensive process, and drying parameters (e.g., over 
temperature, uneven/over/under drying) can have negative impact on product quality. Conventional 
practice for hop growers is to maintain low drying temperatures (130 to 145°F) and relatively long drying 
time (6-11 hours), to maintain hop quality for brewing. This leads to high energy consumption and 
production bottlenecks, requiring growers to add expensive kilns to increase production volumes. 
However, ongoing work in the Shellhammer lab in the Dept of Food Science suggests that hop aroma 
quality is less sensitive to thermal effects than previously thought, and undesirable hop-derived enzymes 
could be deactivated at higher drying temperatures [3]. The use of dynamic drying protocols could 
decrease both the residence time and total energy consumption of the drying process. Presently, the 
energy savings potential of new, higher temperature, dynamic protocols where temperature and air flow 
rate vary are not understood. 

 
OBJECTIVES: The goal of this project is to understand the potential energy and productivity 
improvements using modified drying protocols of Pacific Northwest hops. This goal will be realized by 
considering three connected research objectives: 

(1a) Develop and use energy and mass balance models of typical kilns to identify drying protocols that 
can reduce energy consumption and increase productivity. 

(1b) Quantify the effects of drying protocols on hop quality (chemistry and sensory) and hop variety. 
(2) Measure energy consumption for baseline and proposed kilning process at different grower sites. 
(3) Quantify energy and economic savings for growers, and publish recommendations for the hop 

industry. 
 
The evaluation of drying conditions on the brewing quality of hops (Task 1b) is supported by continuation 
funding (2021-2022) of a project led by Dr. Shellhammer through the Hop Research Council (HRC). The 
funds from the 2021-2023 ARF funds are support the three research objectives specific to understanding 
the energy efficiency and productivity improvements. 

PROCEDURES: The research goal will be accomplished through three research tasks, conducted over a 
23-month period (Feb 2021 – January 2023). The work will be conducted by a junior/senior level 



Mechanical Engineering undergraduate research assistant from the OSU Energy Efficiency Center (EEC), 
supervised by PI Fronk and co-PI Haapala. The research assistant will coordinate with Dr. Shellhammer and 
his student team to identify drying protocols that (a) save energy and (b) ensure product quality. Task 1 
and 3 will be conducted primarily on the Corvallis campus. Task 2 will require travel to approximately 4 
hop growing sites in Oregon, Washington and Idaho, to assist with installation of kiln monitoring 
equipment and setting up remote data acquisition systems. A schedule for the tasks in this project and the 
parallel HRC funded effort are shown in Table 1, at the end of this section. 

Task 1 Single Kiln Energy Model and Drying Protocol Identification: Dr. Shellhammer’s team has identified 
four grower sites with pilot and production kilning processes that are interested in testing the new drying 
protocols. These sites are in Oregon, Washington and Idaho and represent diverse climates during the 
harvest season, allowing the impact of ambient conditions to be assessed. In Task 1, we will develop 
lumped energy and mass balance models of the kilning equipment at each site. These models will allow us 
to estimate drying time, fuel consumption, and electrical consumption for different kilning protocols with 
different ambient air dry bulb and wet bulb temperatures. The tested protocols will be developed and 
verified to produce acceptable quality hops by Dr. Shellhammer’s lab in the parallel HRC project.  The 
outcome of this task will be a ranking of the most promising drying protocols in terms of energy efficiency 
and production time, allowing us to prioritize protocols to be explored in the field trials. 

Task 2 Field Evaluation of Energy Efficiency: To validate the models in Task 1 and quantify energy 
efficiency, we will instrument and monitor kilns at 4 different sites in the PNW. These kilns will be 
monitored for a two harvest seasons (August – September 2021/2022). Some percentage of the hop 
batches will be dried using the most promising protocols from Task 1, with the remaining batches dried 
using a baseline process. The use of different sites allows us to investigate the effect of different ambient 
air conditions.  Hop quality (chemistry and sensory) will be quantified by the Shellhammer lab through the 
HRC project for the proposed and baseline kilning process. To quantify energy consumption, we will 
measure fuel consumption, fan power consumption, kiln inlet air flow rate, kiln inlet air wet/dry bulb, and 
ambient wet-bulb and dry-bulb. Data from these instruments will then be logged and transmitted to 
Corvallis to allow remote monitoring. This proposal requests funding for instrumentation for a single pilot 
kiln as a proof of concept. For the other kilns, cost-share funding will be requested from the growers to 
support instrumentation. The outcome of this task will be time stamped data of all relevant process 
parameters for the different kiln sites.  

Task 3 Data Analysis and Reporting: In this task, the student will compile data from each site and drying 
test to quantify energy and economic savings using local utility costs for each grower’s location. The data 
will also be used to validate the models developed in Task 1. The validated models can then be used with 
local expected dry and wet bulb temperatures and utility rates to identify the best kilning procedure for 
sites across Oregon and the PNW. The outcome of this task will be a publication made available to the hop 
industry with recommendations for killing protocols that can save energy and improve product quality. 

 
SIGNIFICANT ACCOMPLISHMENTS TO DATE: 

The following activities have been accomplished to date: 

• Using existing instrumentation at five hop growing sites in Oregon and Washington, baseline 
drying data were recorded or the 2021 drying season. Data included kiln temperature, loading, 



plenum pressure, fan frequency, ambient, conditions etc.  Recorded season drying data from 
five locations 

• Using these data, drying 2,560 kilns of hops, and 18 varieties were characterized.  
• Models were developed to quantified propane usage, electrical consumption, estimated drying 

cost, and estimated cost per pound to dry each recorded variety. 
• Compared drying times and energy consumption across varieties. 
• Examined the effects of alternative drying regimes on drying time and energy consumption 
• Gathered 88 hop samples for moisture content. Found moisture curves tracking change in 

moisture during kilning at three different bed depths for two different varieties (Centennial and 
Strata) 

 
 
ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM: A $100,000 grant from the US 
Department of Energy funded CESMII Smart Manufacturing program the was obtained by the team during 
the project term. This grant expands the ARF supported study by (1) allowing for purchase of additional 
instrumentation to service more hop farms in Oregon and Washington, and (2) supporting a graduate 
student to develop energy modeling and predictive drying model tools to support energy reduction and 
efficiency improvement in the hop drying industry.  
 
 
FUTURE FUNDING POSSIBILITIES: We have used data and analysis from the ARF funded project as 
preliminary data in a $2.2 million proposal submitted to the US Department of Energy Advanced 
Manufacturing Office on the use of radio frequency assisted heat pump drying of hops for dramatic 
reduction in energy consumption, operating cost, and carbon emission. This is a collaborative project 
between faculty in School of Mechanical, Industrial and Manufacturing Engineering, Department of Food 
Science and Oak Ridge National Laboratory. This proposal is in review. 


