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Introduction 
Technology roadmaps are created to develop tactical research and development 
(R&D) plans to meet the strategic goals of a wide array of industries and 
organizations. The Food Processing Industry Roadmap in this document is one of the 
eight roadmaps available in the larger Northwest Energy Efficiency Technology 
Roadmap Portfolio. These roadmaps provide a snapshot of stakeholders’ current 
perspectives in regard to a shared research agenda for the next twenty years, 
developed to provide clarity on:  

1. Key drivers (environmental/global, market, policy and regulatory, and 
technology innovation) affecting the Northwest in regard to energy efficiency 

2. Products/services needed to address identified drivers 
3. Technologies needing developed in order to bring non-existing products to 

market 
4. Gaps in existing R&D programs designed to address identified technology 

needs 
5. Regional priorities in regard to the treatment of R&D gaps. 

Ultimately, the goal of identifying and prioritizing R&D gaps allows for a more rational 
allocation of limited funding and resources by organizations such as the BPA, 
national labs, research universities, private businesses, and venture capitalists.   

BPA’s Office of Technology Innovation uses these roadmaps to guide its annual 
solicitation for proposals for energy efficiency R&D projects. This annual solicitation 
typically reopens every year in March; proposals not linked to technology needs 
identified in the roadmap are not eligible for awards. Because the roadmap is shared 
public resources, any organization can also use them to guide their own research 
efforts with some confidence that their work fits into a larger research agenda 
crafted and vetted by technical experts from across the country.  

In the process of identifying gaps in existing energy efficiency R&D programs, 
roadmapping participants also identified a list of products and services already 
available in the marketplace but not widely adopted due to various technical and/or 
market barriers. While treating this group of products and services was not the 
primary purpose of the roadmapping endeavor, some effort was dedicated to 
articulate:  

1. Barriers to the wider adoption of existing products/services 

2. Necessary components to future market intervention programs and other 
initiatives to increase adoption rates for these targeted products/services 

To avoid confusion, the findings articulated by participants in these latter efforts are 
located in Appendix A. 

By creating these regional technology roadmaps, the Northwest has taken an 
important step toward the goal of creating continuity between its R&D efforts to bring 
non-existing technologies to market, ongoing work in emerging technologies, and 
present and future market intervention strategies. 

 

Using the Roadmaps 
The Northwest Energy Efficiency Technology Food Processing Industry Roadmap is a 
reference tool designed to be living, working documents. It was not crafted with any 
expectation of being be read from beginning to end like a traditional report or 
narrative. Rather, its design allows for quick reference to technology development 
research agendas in relation to specific energy efficiency products and services.  

The content herein is organized into four technical product/service-level roadmaps. 
The areas are: 

1. Heating Technology 
2. Cooling Technology 

3. Mechanical Technology 

4. Infrastructure Technology 
 

Disclaimer 
Some roadmaps, project summaries, and appendix pages identify specific vendors, 
commercial products, or proprietary systems and technologies. BPA and regional 
stakeholders make these references solely for context; these references do not 
constitute endorsement on the part of BPA, the Department of Energy, or any 
stakeholder involved in the creation and refinement of these roadmaps. 
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Product/Service Area :
Northwest Energy Efficiency
Technology Roadmap

Driver

Capability
GAP

Technology

R&D 
Program

GAP: New R&D Program (NRD)

Existing R&D Program (ERD)
GAP: Commercially 
Unavailable Technology (CUT)

Commercially
Available Technology (CAT)

GAP: Capability Gap (CG)

Driver

Product and Service Area

Specific Technology Roadmap

Driver
Drivers are expected to impact energy efficiency products and services

Existing Technologies
Technologies fulfilling the gaps above

Capability GAP
Product or service performance gap needing addressed

Existing R&D Programs
R&D Programs in progress

R&D Program Gaps
R&D Programs required to develop the technologies needed

Technology Gaps
Technologies needed to fulfill the gaps above

 

Roadmap Key 
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Food Processing Heating Technology Roadmap 
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Product/S ervice Area :
Northwest Energy Efficiency
Technology Roadmap

Driver

Capability
GAP

Technology

R&D 
Program

GAP: New R&D Program ( NRD)

Existing R&D Program (ERD)

GAP: Commercially  
Unavailable Technology (CUT)

Commercially
Available Technology (CAT)

GAP: Capability  Gap (CG)

Driver

Food Processing Heating Technology Roadmap

Food Processing Heating Technology Roadmap (1of 2)

CG-1: Need cheap 
energy storage to cut 
peaks.  Enable direct 
use of intermittent 
on-site generation

CG-9: Need ways to reuse 
lower grade heat in processes

CG-4: Need more knowledge/acceptance/ 
implementation of known waste heat 
recovery techniques in the operation [of] 
compressors, boilers, cooling systems

CG-2: Need to eliminate need 
for central steam (generation) 
in food processing plants

CG-11: Need more efficient 
[non-refrigerated] bulk 
storage of [perishable] food 
items with short shelf life at 
ambient temperatures

CAT-5: Aseptic bulk storage 
similar to orange juice and 
other PCW food products

CAT-6: Lithium bromide or  
similar  absorption chillers

CAT-3: Condensing type 
economizers recovering 
sensible and latent heat 
from steam boiler exhaust

CAT-1: LI [lithium 
ion] or lead acid 
battery packs

CATRD-2: Develop and 
demonstrate aseptic 
bulk storage pilot scale 
for apple juice, wine

CATRD-5: Develop absorption chillers to 
accomplish freezing with low grade heat 
(120°-180°F)

CATRD-3: Partner with DOE CHP 
program to demonstrate multi-effect 
LiBr chiller for  food plant refrigeration 
with waste heat

CAT-7: Smart distributed steam 
generation [Miura boilers]

CAT-4: Hyperbaric pasteurization 

EG-1:Climate Chan ge

EG-3:Energy Security MD-10:Need to sustain 
competi tive advantage

B-6:Aging workforce/lack 
of trained workforce

MD-12:Change in growth  of processed foods.

MD-3:More and cheaper products due to 
global izatio n of manufacturing

CG-6: Need new 
pasteurization processes to 
reduce energy in canning 
operations

CAT-2: Microwave and 
variable  radio frequency 
based heating methods 

CATRD-1: Need to develop 
prototype to prove feasibility 
and validate effectiveness in 
heating process such as 
pasteurization, cooking, 
thawing, and tempering of 
various foods @ OSU’s Food 
Innovation Center

EG-7:Fuel  swi tch from 
combsution to electric
M D-9:Need to reduce risks 
of techn ology 
implementation
M D-11:Product qu al ity 
enhancemen t needed 
B-7:Pushback against over-
regulation 
PR-3:Increasing budgets 
for emerging R&D 
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Product/Service Area :
Northwest Energy Effic iency
Technology Roadmap

Driver

Capability
GAP

Technology

R&D 
Program

GAP: New R&D Program (NRD)

Existing R&D Program (ERD)

GAP: Commercially 
Unavailable Technology (CUT)

Commercially
Available Technology (CAT)

GAP: Capability Gap (CG)

Driver

Food Processing Heating Technology Roadmap

Food Processing Heating Technology Roadmap (2 of 2)

CUTRD-3: Develop proof-of-
concept for  Binary Fluid 
Ejector  Heat Pump @ May-
Ruben Technologies

CUTRD-2: Pilot-scale 
demonstration  of 
microwave sterilization and 
pasteurization technology 
@ WSU Food Engineering, 
Ocean Beauty Sea Foods

CUTRD-1: Develop universal 
oven to demonstrate 
effectiveness of technology @ 
OSU’s Food Innovation Center

CUT-5: LiBr or similar 
absorption chillers that can 
achieve freezing temperatures 
(0F)

CUT-4: Smart distributed steam 
generation to lower costs and 
complexity

CUT-3: Develop sterilization and 
pasteurization based on 
microwave (replacing steam)

CUT-2: Better batter ies or 
capacitors or any similar  
technology that has less 
than 2.5 yr  payback

CUT-1: Universal oven 
(combination RF heating and 
convection) CUT-6: Binary fluid ejector heat 

pumps (thermally driven)

CG-1: Need cheap 
energy storage to cut 
peaks.  Enable direct 
use of intermittent 
on-site generation

CG-9: Need ways to reuse 
lower grade heat in processes

CG-6: Need new 
pasteurization 
processes to reduce 
energy in canning 
operations

CG-2: Need to eliminate need 
for central steam (generation) in 
food processing plants

MD-1:Increasing 
and uncertain 
future cost of 

electricity and gas

EG-7:Fuel  switch from 
combsution to electric
MD9:Need to reduce risks of 
technology implementation
MD-11:Product qual ity 
enhancement needed 
B-7:Pushback against over-
regulation 
PR-3:Increasing budgets for 
emerging R&D 

MD-3:More and cheaper products due to 
global ization of manufacturingEG-1:Climate Change

CUTRD-4: Not defined 
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Food Processing Cooling Technology Roadmap 
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Product/Service Area :
Northwest Energy Effic iency
Technology Roadmap

Driver

Capability
GAP

Technology

R&D 
Program

GAP: New R&D Program (NRD)

Existing R&D Program (ERD)

GAP: Commercially 
Unavailable Technology (CUT)

Commercially
Available Technology (CAT)

GAP: Capability Gap (CG)

Driver

Food Processing Heating Technology Roadmap

Food Processing Cooling Technology Roadmap (1 of 2)

CATRD-3: Standardized 
industrial refrigeration 
compressor ratings are 
needed

CATRD-2: Provide funding for  
demonstrations.  Demos need 
to involve manufacturers, 
consultants, vendor, installers 
and end users

CATRD-1: Better  defrost controls, 
float drainers, effective frost-free 
piping @ Logix Refrigeration 
Controls (IntelliFrost™) , Cascade 
Energy, and Henningsen Cold 
Storage

CAT-5: [Ambient] air-
cooled refrigeration 
compressor oil cooling 
using a glycol loop may 
increase refrigeration 
compressor capacity and 
reduce energy use.  
Needed heat exchanger 
design is available. 
Regional contractors need 
to offer as a design option

CAT-7: More efficient 
refrigeration 
compressors, possibly 
including Mycom and 
Vilter   Q: Does this refer 
to the scavenging heat 
pump system marketed 
by Vilter  for NH3
systems?

CAT-1: Better 
defrost 
controls, float 
drainers, 
effective frost-
free piping

CAT-9: Incorporation 
of increased energy 
efficiency industria l 
refrigeration design 
concepts are not 
initiated by regional 
refrigeration system 
contractors

CAT-6: Cascade-
type 
refrigeration 
systems (using 
1st stage CO2 & 
2nd stage NH3) 
are available 
and more 
efficient at low 
temperatures 
(less than -25F)

CAT-4: 
Electrodialy
sisfor cold 
stabilization CAT-10: (Natural) 

gas engine driven 
screw 
compressors with 
heat recovery  
from driver 

CAT-3: 
Hydrocarbon
s, 
halocarbons 
and other 
chemicals

CAT-2: Fast acting doors-
vestibules-air curtains, high 
rise warehouses, automated 
storage and retrieval systems 
(ASRS)

CAT-8: CO2 trans-critical 
heat pumps (Mayekawa)

CG-6: Tank 
chilling uses 
energy intensive 
refrigerants or 
coolants

CG-3: Need 
(natural) gas 
driven 
refrigeration 
compressor 
options that also 
can provide 
usable waste heat

CG-8: Ways to quantify  
and control infiltration 
into coolers and freezers

CG-10: Equipment is 
needed to upgrade heat 
content in waste streams 
to higher, more useful 
temperature ranges

CG-12: Use of 
multi-stage 
ammonia 
refrigeration for low 
temperature 
freezing (less than -
25 F) is less 
efficient

CG-5: "Lowest-cost" 
refrigeration system 
installations often have 
increased energy 
consumption due to 
design and equipment 
selection compromises

CG-1: Refr igeration 
evaporator defrost 
technology is not well 
understood in the industry. 
This leads to the installations 
of less than efficient systems

CG-13: A small number (less 
than 6) regional refrigeration 
contractors do almost all the 
work. They are conservative 
and r isk averse and they prefer 
proven design and 
technologies

CG-2: Lack of available 
effective non-hazardous 
refrigerants to replace 
ammonia 

CG-14: Existing 
compressor technology 
is inefficient (Air  
refrigeration)

CG-3:Tech 
Adoption

MD-9:Need to 
reduce risks of 

technology 
implementation

CG-8:Tech 
Adoption

CG-5:Energy Water 
Cost Savings

MD-1:Increasin g an d uncertain 
future cost of electricity and  gas

MD-10:Need to  sustain competivie advantage

MD-1:Incr. uncertainty of 
gas & electric costs
EG-1:Climate Change

MD-3:Cheaper Product 
due to global manu f.

M D-11:Incr. prod. qual .
M D-16:EE ROI hurdle rates
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Product/Service Area :
Northwest Energy Effic iency
Technology Roadmap

Driver

Capability
GAP

Technology

R&D 
Program

GAP: New R&D Program (NRD)

Existing R&D Program (ERD)

GAP: Commercially 
Unavailable Technology (CUT)

Commercially
Available Technology (CAT)

GAP: Capability Gap (CG)

Driver

Food Processing Heating Technology Roadmap

Food Processing Cooling Technology Roadmap (2 of 2)

CUTRD-7: Develop equipment to 
upgrade heat content in waste 
streams to higher, more useful 
temperature ranges, such a 
binary fluid ejector heat pump 
(thermally driven)

CUTRD-5: Develop 
reusable liquid for direct 
[immersive] freezing of 
food products (e.g. fruits 
& vegetables)

CUTRD-3: Develop 
alternative refrigerants for 
ammonia that are more 
efficient and reliable at 
suction temperatures 
below -25°F

CUTRD-1: Develop cooling coils 
that don't frost up or are self-
defrosting

CUT-4: Reusable liquids 
that can freeze fruit and 
vegetable products

CUT-7: Refr igerants with 
proven high efficiency and 
reliability at very low 
evaporator temperatures

CUT-1: Lack of 
coils that don’t 
frost up CUTRD-4: Develop and 

demonstrate alternatives to 
regulated refrigerants like 
ammonia, such as CO2, 
cascade, multi-stage, or 
combo mixtures 

CUTRD-2: Explore 
alternative methods 
of getting products 
in and out of 
freezers

CUTRD-6: Develop 
better (higher R-value, 
durable, etc.) and less 
expensive insulation 
materials

CUT-3: Good alternatives to toxic 
refrigerants such as ammonia

CUT-2: Systems to 
minimize infiltration 
while refr igerator and 
freezer doors are open

Better (higher R-
value, durable, etc.) 
and less expensive 
insulation materials

CUT-8: Lack of regional 
absorption-type chiller expertise 
and lack industr ial-scale US 
equipment manufacturers 

CUT-6: Binary fluid ejector heat 
pump (thermally driven)

CUT-5: Air and refrigeration 
compressors that minimize 
waste heat generation

CG-11: Use of more energy 
intensive mechanical cooling 
rather than absorption cooling 
when waste heat is available

CG-10: Equipment is needed 
to upgrade heat content in 
waste streams to higher , more 
useful temperature ranges

CG-14: Existing compressor 
technology is  inefficient (Air 
refr igeration)

CG-8: Ways to quantify  
and control infiltration 
into coolers and freezers

CG-1: Refrigeration 
evaporator defrost 
technology is  not 
well understood in 
the industry. This 
leads to the 
installations of less 
than efficient 
systems

CG-15: Liquid nitrogen 
freezes fruit and 
vegetable products but is 
expensive 

CG-16: Ammonia is 
less efficient at very 
low suction 
temperatures  (below 
-25F)

CG-2: Lack of available 
effective non-hazardous 
refrigerants to replace 
ammonia 

CG-7: Need better  and 
less expensive 
insulation materials

MD-1:Increasing and uncertain future cost o f electricity and gas

MD3:Mo re and 
cheap er p rodu cts 

due to 
globalization of 
manufacturing

EG-1:Cl imate Change

MD-10:Need to sustain 
competi tive advantag e
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Food Processing Mechanical Technology Roadmap 
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Product/Service Area :
Northwest Energy Efficiency
Technology Roadmap

Driver

Capability
GAP

Technology

R&D 
Program

GAP: New R&D Program (NRD)

Existing R&D Program (ERD)

GAP: Commercially 
Unavailable Technology (CUT)

Commercially
Available Technology (CAT)

GAP: Capability Gap (CG)

Driver

Food Processing Heating Technology Roadmap

Food Processing Mechanical Technology Roadmap (1 of 2)

CATRD-3: Test cash incentive for 
training @ Idaho Power

CATRD-7: 
Understand the 
fan wall 
technology and 
its application to 
industry

CATRD-6: Investigate new 
products that may reduce the 
effort required for leak detection 

CATRD-5: 
Strategic Energy 
Management @ 
BPA, ETO, NEEA, 
NWFPA, ENERGY 
STAR

CATRD-4: Preliminary study how 
laser perforation of blueberry can 
improve fruit infusion with more 
yield and better quality @ OSU’s 
Food Innovation Center

CATRD-2: Test certification 
program (RETA) @ NEEA

CAT-6: Premium efficient 
motors

CAT-2: DOE , 
Hydraulics Institute, 
Compressed Air 
Challenge, NEEA

CAT-3: Laser food 
processing (marker and 
micro perforations) CAT-11: Compressed air 

leak management 
practices, products, 
services

CAT-10: Fan wall

CAT-9: Variable frequency 
drive
CAT-7: Efficient gear 
boxes

CAT-5: Some industrial 
EE programs provide 
administrator, but PNW 
lacks

CAT-4: Industrial 
Assessment Centers, lean 
training

CAT-8: Energy 
management software, 
metering equipment, i.e. 
Nortwright, eSight

CG-6: Need training 
education for use of 
mechanical equipment

CG-5: Need dedicated 
industrial staff working on 
energy efficiency at plant 
level

CG-3: Need integrated 
industrial process 
optimization for mechanical 
systemsCG-2: Need 

to apply 
technologies 
from other 
industries

CG-11: Need fan wall 
application for air movement 
to supplement product 
cooling

CG-10: Need 
leak detection 
tools and 
meters

CG-7: Need consultants that 
are experienced with energy 
management or continuous 
energy improvement

EG-5:Increasing 
cost and decreasing 

availabi lity of raw 
materials

MD-1: 
Increasing 

and uncertain 
futu re cost of 

electrici ty 
and g as

B-2: Consumer 
desire to be 
“green” and  

reduce 
embedd ed & 
used energy

B-5:Increased awareness 
of impact of behavior on 
energy usage

B-6:Aging 
workforce/lack of 
trained  workforce

B-8:Lack of energy efficien cy 
knowledge in the industry

MD-10:Need to sustain 
co mpeti tive advantage

M D-16:EE ROI hurdle rates

TI-13:Sol id state lighting

B-1:Emp loyer pressure to 
increase productivity
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Product/Service Area :
Northwest Energy Effic iency
Technology Roadmap

Driver

Capability
GAP

Technology

R&D 
Program

GAP: New R&D Program (NRD)

Existing R&D Program (ERD)

GAP: Commercially 
Unavailable Technology (CUT)

Commercially
Available Technology (CAT)

GAP: Capability Gap (CG)

Driver

Food Processing Heating Technology Roadmap

CUTRD-1: Not defined 

CUTRD-2: Not defined 

CUTRD-3: Not defined 

CUTRD-4: Not defined CUTRD-5: Not defined 

CUT-5: Smart 
chargers that 
respond to 
demand.  
Response signal-
balanced with 
process 
requirements

CUT-4: Raw product 
storage [preservation] 
alternative to 
refrigeration and 
freezing

CUT-3: Non invasive sensors for 
flow/pressure

CUT-2: Advanced conveyance 
technology (belts, rollers, etc.)

CUT-1: Motor respond to 
signals from grid, energy 
efficiency versus surge 
management

CG-1: Need smart motor that 
works with smart grid

CG-5: Need dedicated industrial 
staff working on energy 
effic iency at plant level

CG-9: Need smart 
battery charging 
for vehicles 
mechanical non 
essentia l

CG-8: Need 
[methods for] 
extending storage 
time for raw 
product (use of 
mechanical 
equipment)

CG-4: Need low cost easy to 
install sensors and controls

CG-10: Need leak detection 
tools and meters

PR-7:Smart grid 
technolog y 

development

M D-1:Increasing 
and uncertain 
future cost of 
electrici ty and 

gas

Food Processing Mechanical Technology Roadmap (2 of 2)

CATRD-1: Demonstrations 
at selected processes 
where separations are 
energy intensive and 
costly  and where 
separated stream can be 
recycled

CAT-1: 
Separations 
(product from 
waste, water 
from product) 
with low energy

CG-5: Need 
dedicated industrial 
staff working on 
energy efficiency at 
plant level

B-5:Increased  awareness 
of impact of b ehavior on 
energy usage
EG-5:Increasing cost and 
decreasing availabi lity of 
raw materials

EG-5:Increasing cost and 
decreasing availabi lity of 

raw materials

MD-1:Increasing and 
uncertain future cost of 

electrici ty and gas

B-2:Consumer 
desire to be 
“green” and 

reduce 
embedded & 
used  energy

PR-1: 
Carbon 
emissions 
p enalties 
and/or 
incentives
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Product/Service Area :
Northwest Energy Effic iency
Technology Roadmap

Driver

Capability
GAP

Technology

R&D 
Program

GAP: New R&D Program (NRD)

Existing R&D Program (ERD)

GAP: Commercially 
Unavailable Technology (CUT)

Commercially
Available Technology (CAT)

GAP: Capability Gap (CG)

Driver

Food Processing Heating Technology Roadmap

Food Processing Infrastructure Technology Roadmap (1 of 3)

CATRD-4: Outreach, 
education, directed 
courses and workshops 
@ NWFPA, OSU

CATRD-2: Reach out to 
industry suppliers for 
case studies.  Have 
standard testing and 
write up of results @ 
Digital Lumens and 
others

CATRD-1: Better controls, 
cost effective for 
refrigerated area lighting 
@ EPRI

CAT-1: LED, 
occupancy controls

CAT-2: More widespread 
knowledge / awareness of heat 
load in refrigerated spaces

CAT-12: Establish standards of 
service and comfort

CAT-10: Training for operations 
and maintenance practices

CAT-8: Improved control 
systems

CAT-4: Implement K12, 
community college and university 
programs on energy basics

CATRD-6: Identify EMCS with 
water flow monitoring, survey 
industry why they do not use

CATRD-5: Market survey, 
industr ial challenge upstream 
@ BPA, NEEA

CAT-11: Integration of flow meters 
and other water use data into energy 
information and monitoring systems

CAT-14: Training on EIS 
interpretation and use

CAT-13: Data compilation analysis 
and presentation software focused 
on industrial (benchmarking, 
dashboards and KPIs)
CAT-9: Real time energy monitoring 
hardware, main and sub metering

CAT-15: Some information 
available on embedded 
energy in water

CG-3: Need 
better efficacy 
of lighting in 
food 
processing 
cold storage 
areas

CG-8: Need better training 
of workforce: academic and 
trade school curriculum

CG-5: Need more focus on 
HVAC in plants.  Learn from 
commercial roadmap

CG-4: Need better  energy 
management systems for industry 
benchmarking (KPI, dashboard)

CG-7: Need to 
include embedded 
energy costs of 
water supply and 
waste water 
treatment [when 
making] decisions

EG-5:Increasing cost 
and decreasing 
avai labil ity of raw 
materials
TI-13:So lid state lighting

M D-9:Need to reduce risks of technology imp lementation
M D-12:Ch ange in growth of processed foods

MD-10:Need to sustain 
competitive advantage

MD-16:EE ROI hurdle rates

B-6:Aging  workforce/lack of trained workforce

B-8:Aging  workforce/lack of trained workforce
B-1:Employer pressure to 

increase prod uctivi ty
MD-15:Consu mer Demand 
for green /  lo cal products

EG-1:Climate Chan ge

B-5:Increased awareness of impact 
of behavior on energy usage

MD-13:Population growth
PR-8:Environmental regulations
MD-7:EE promoted in mainstream media
EG-4:Water scarcity,  cost, health issues
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Product/Service Area :
Northwest Energy Effic iency
Technology Roadmap

Driver

Capability
GAP

Technology

R&D 
Program

GAP: New R&D Program (NRD)

Existing R&D Program (ERD)

GAP: Commercially 
Unavailable Technology (CUT)

Commercially
Available Technology (CAT)

GAP: Capability Gap (CG)

Driver

Food Processing Heating Technology Roadmap

Food Processing Infrastructure Technology Roadmap (2 of 3)

CATRD-3: Development of 
delivery mechanisms for C&I, ISO 
50001 @ ITP, NEEA

CATRD-7: Templates for 
sustainability metr ics, KPIs, 
monitoring, plans, measures

CAT-7: Energy awareness training 
focused on industr ial energy use 
(PGE/NEEA industrial training)

CAT-6: ETOROC widespread 
adoption by providers (refrigeration 
operations training)

CAT-5: RETA (CEV) not 
implemented formally, NEEA work 
with MED need to educate

CAT-3: More widespread 
implementation CEI (or 
ISO 50001) in industrial 
food processing

CAT-16: Case studies, 
publically available on 
overall life cycle energy 
assessment in food 
processing

CAT-17: Auto ID 
systems and bio 
sensor technologies

CG-1: Need energy efficient 
development in (current) training

CG-2: Lack of industry and 
plant [energy reduction 
related] goals and 
implementation plans.  
Lack of management 
awareness and 
commitment [to energy 
management systems]

CG-10: Need better data 
acquisition and analysis, 
tracking sustainability of food 
lines

CG-9: Need better  traceability 
information systems from farm 
to consumers

CG-6: Need better clarity and 
documentation for 
sustainability  (i.e.: life cycle 
cost analysis, embedded 
energy). Prep for green supply 
chain inspections by 
customers

B-2: Consumer desi re to be “green” and  
reduce embedded & u sed energy

MD-11:Product qual ity need to  be enhan ced

MD-16:EE ROI hurdle rates
MD-8:Non energy benefi ts of the technology

PR-1:Carbon emissions penal ties and/or 
incentives
PR-8:Environmen tal regulations
PR-11:Increased scrutiny b y regulators
MD-14:Increased transportation costs
MD-15:Consumer Demand  for green / local  
products

MD-10:Need to sustain competi tive 
advantage

B-8:Lack of energy efficiency knowledge in 
the industry

B-5:Increased awareness of impact of 
behavior on energy usag e

B-1:Employer pressure to 
increase productivity
choices and b ehavior
B-6:Aging workforce/lack o f 
trained workforce
B-7:Pushback against over-
regulatio n
EG-5:Increasing cost and 
decreasing avai labili ty of raw 
materials

B-4:Changing demographics impacting 
purchasing
EG-1:Climate Change
EG-3:Energy Security
EG-4:Water scarci ty, cost,  heal th  issues
M D-12:Change in growth of processed 
foods
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Product/Service Area :
Northwest Energy Effic iency
Technology Roadmap

Driver

Capability
GAP

Technology

R&D 
Program

GAP: New R&D Program (NRD)

Existing R&D Program (ERD)

GAP: Commercially 
Unavailable Technology (CUT)

Commercially
Available Technology (CAT)

GAP: Capability Gap (CG)

Driver

Food Processing Heating Technology Roadmap

Food Processing Infrastructure Technology Roadmap (3 of 3)

CUTRD-4: Develop 
industrial software 
systemsCUTRD-3: [Not Defined]

CUTRD-2: 
Development of 
benchmark and 
standards and 
industrially oriented 
energy management 
software @ NWFPA, 
EPA, DOE

CUTRD-1: Continued 
research

CUTRD-5: Need to 
define smart 
traceability information 
system, the 
components, the 
governance body and 
hardware/software 
required for  the 
system @ OSU Food 
Innovation Center

CUT-6: Reliable 
benchmarks for  
food processing 
industry

CUT-5: Order of magnitude 
improvement on lighting 
system efficacy

CUT-4: Electro luminescent 
paint

CUT-3: Order of magnitude 
price reduction in efficient 
lighting systems with low 
toxicity

CUT-1: Fiber optics training
CUT-12: No systems 
available on the shelf for 
industr ial energy systems

CUT-10: Auto ID (smart) enable 
electr icity management system 
for food processing industry

CUT-8: Product quality attribute 
and composition sensors that 
control thermal or mechanical 
processes: monitor ethylene 
content to control temperature

CUT-7: Self correcting energy 
management systems based on 
known inputs e.g.: seasonal 
variations in defrost

CUT-11: Smart 
traceability system from 
farm to consumer CUT-2: More standardized 

templates for 
documentation of 
sustainability for green 
supply chain and other 
inspections

CG-4: Need better energy 
management systems for 
industry benchmarking (KPI, 
dashboard)

CG-3: Need better efficacy of 
lighting in food processing 
cold storage areas CG-10: Need better  data 

acquisition and 
analysis, tracking 
sustainability of food 
lines

CG-9: Need better 
traceability information 
systems from farm to 
consumers

CG-6: Need better 
clarity and 
documentation for 
sustainability (i.e.: life 
cycle cost analysis, 
embedded energy). 
Prep for green supply 
chain inspections by 
customers

EG-1:Climate Change

B-2: Con sumer desire to be “g reen” and 
reduce embedded & used energy

MD-10:Need to sustain competi tive 
advantage

MD-15:Consumer Demand  for green / local  
products

EG-5:Increasing cost and 
decreasing availabil ity of 
raw materials
TI-13:So lid state lighting
B-8:Lack of energy 
efficiency knowledge in 
the industry

B-1:Employer pressu re to 
increase productivity
B-5:Increased awareness 
of impact of behavior on 
energy usage
B-6:Aging workforce/ lack 
of trained workforce
MD-15:Consumer Deman d 
for green / local  products

MD-12:Change in growth of processed fo ods
B-4:Changing demographics imp acting purchasing 
choices an d behavior
EG-4:Water scarcity, cost, heal th issues
EG-3:Energy Security

PR-1:Carbon emissions penal ties and/or 
incentives
PR-8:Environmen tal regulations
PR-11:Increased scrutiny by regulators
MD-11:Product q ual ity need to be enhanced
MD-14:Increased  transportation co sts


