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ABSTRACT  

Introduction and Objective:  The Department of Defense (DoD) has a large inventory of older, 
inefficient multizone HVAC (heating, ventilation, and air conditioning) equipment, that remains 
in service due to the high cost and facility disruption of system change out to modern 
technology. The objective of this project is to promote awareness and facilitate implementation 
of a low-cost, non-invasive controls retrofit for multizone air handling systems as an interim 
solution for energy efficiency of existing systems that accrues savings while delaying system 
replacement.  
 
Technology Transfer Method: A previously demonstrated HVAC retrofit (ESTCP project EW-
201152) converts constant volume multizone air handling systems to variable volume for energy 
savings. This current project (EW-19-5026) makes that retrofit accessible through full spectrum 
implementation support tools and outreach activities. The stakeholder vetted products include: a 
fact sheet, a technical note, a pitch briefing, a scoping guide, a savings estimator, procurement 
package templates, a commissioning guide, and on-line training. Results were published on the 
Whole Building Design Guide, in industry journals, and presented at technical conferences. 
Potential DoD users were informed of available resources. These efforts support decision makers 
in fully evaluating the technology and implementing rapidly and successfully. 
 
Project Performance and Cost Assessment: The project met all performance objectives by 
obtaining constructive review and enthusiastic feedback from pertinent reviewers throughout the 
process of developing implementation support tools and conducting outreach to interested 
parties. Many people are taking steps to implement.  Modeling of the retrofit impact for typical 
applications showed a very favorable 3-5 yr. simple payback. This project cost only a fraction of 
potential agency-wide annual savings and positions the DoD for significant efficiency success.  
 
Implementation Issues: The COVID pandemic shifted the project schedule and approach due to 
travel restrictions and team members occupied with the COVID response. The technical journal 
peer review and quality control coordination of the suite of implementation documents proved 
challenging but tractable. Project implementers need funding and time to adopt the technology. 
 
Publications: 
Westervelt, E., Battisti, C., Morton, B., and D. Schwenk, Feb 2021. Multizone Air Handler 
Controls Retrofit for Energy Efficiency, ASHRAE Transactions – 2021 Virtual Conference, Vol 
127, Part 1, VC-21-C009.   
 
Westervelt, E., and C. Battisti, Mar 2021. Upgrades for HVAC Systems. The Military Engineer, 
Pgs. 50-51. 
 
Bush, J., Westervelt, E., Clark, B., Schwenk, D., Battisti, C., Morton, B., and H. FitzHenry, June 
2022. Multizone to Variable Volume HVAC Controls Retrofit – Design and Implementation 
Suite. Whole Building Design Guide, https://www.wbdg.org/ffc/army-coe/design-guides.  
 
Westervelt, E., Bush, J., and D. Schwenk, September 2022. Exploring a Multizone to Variable 
Volume HVAC Controls Retrofit ASHRAE Journal, Vol. 64, No. 9 Pgs. 32-47. 
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EXECUTIVE SUMMARY 

INTRODUCTION 

The DoD has a large inventory of older (15-40+ yr.) multizone air handling systems which are 
used for building heating, ventilation, and air conditioning (HVAC). Although these units are 
quick to respond to changes in temperature needs, they can be very inefficient with energy use. 
Multizone units deliver a constant volume of air to the building, regardless of actual 
requirements in the spaces. Further, the conventional dual deck multizone units call for 
continuous, simultaneous operation of the heating and cooling coils, even when heating or 
cooling is not needed. Modern alternative system replacements (such as variable air volume 
systems) help address these inefficiencies but are often cost prohibitive as well as disruptive to 
building operations to install.  

The Engineer Research Development Center’s Construction Engineering Research Lab, ERDC-
CERL, developed an alternate route to energy savings at a significantly lower cost and with less 
disruption than a complete system replacement. The multizone variable volume (MZ-VV) 
retrofit turns heating or cooling down or off when not needed with the addition of two pieces of 
equipment (a variable speed drive and airflow measurement array) and control scheme changes. 
Further savings were obtained with the addition of a demand-controlled ventilation option which 
uses sensors in the spaces to reduce ventilation for empty zones. Figure ES-1 below highlights 
these control changes on a multizone air handling system. This technology was field tested on 
five systems in two climate zones and showed 24-60% energy savings at the air handler.  

DoD implementers, who typically have limited familiarity with controls, sparse time, and 
constrained budgets, require support to make an informed application of this promising 
technology. 

 
Figure ES-1: Highlights of Control Changes to Multizone Air Handling System 
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TECHNOLOGY TRANSFER OBJECTIVE 

The objective of this technology transfer project is to promote awareness and facilitate 
implementation of a low-cost controls retrofit for multizone air handling systems as an interim 
efficiency solution, allowing for accrual of savings now, while delaying full system replacement. 
This increased efficiency helps to meet facility energy, emissions, and resilience requirements 
within constrained budgets. Retained cost savings can support additional investments. 

 

TECHNOLOGY TRANSFER METHOD 

Technology Adoption Support 

To facilitate technology implementation, the team developed a suite of support tools vetted with 
industry experts and potential users. See Figure ES-2. The implementation resources help a 
potential user through the entire process of evaluating, implementing, and operating the 
technology successfully. Ready to use document formats and multiple system configuration 
options speed technology adoption. 
 

 
Figure ES-2: Implementation Support Suite of Tools 

 

Products to Evaluate Technology  

Several tools were developed to acquaint the assortment of installation stakeholders with the 
retrofit technology and support applicability determinations to allow a thorough evaluation of the 
technology by potential users. 
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 Fact Sheet: Provides a 2-page quick introduction to the retrofit, its benefits, applicability, 
and available resources for general audiences. 

 Technical Note: Provides 8-pages of pertinent technology details, field demonstration 
results, and application insights for an engineering audience. 

 Savings Estimator: Gauges the expected energy and cost impact of retrofit with life cycle 
cost analysis. Supports early feasibility screening and customized site-specific 
calculations. Aimed at a joint administrative and technical team. 

 Pitch Briefing: Supports socializing the retrofit with budgetary and administrative 
decision makers through a single slide with script. Geared for the executive audience. 

 Field Scoping Guide: Steps a user through strategic installation-wide screening as well as 
assessment of an individual unit’s operational status and suitability for retrofit. Helps 
identify complementary repair and upgrade activities that should accompany the retrofit. 
Aimed at a combined engineering and technician field team. 

 Training: Delivers a one-hour technical overview of the retrofit and the supporting 
implementation tools for engineers and technicians. Free, on-demand training on the 
technology is available at the Whole Building Design Guide, 
https://www.wbdg.org/continuing-education/dod-courses/estcp/estcp4-4, and on 
Slipstream’s website, https://slipstreaminc.org/estcp. Training for purchase is also 
available from the Building Commissioning Association, 
https://www.pathlms.com/bcxa/courses/33553/sections/37765. All are one-hour courses 
with continuing education units. 

  

Products to Streamline Procurement 

The Design Guide and the Procurement Package Templates streamline the design and 
procurement of the retrofit with a standard procedure that considers best practice and reduces 
one-off efforts for equipment implementers, designers, and installers. 

 Design Guide: Lays out a roadmap for implementation that utilizes developed support 
documents and tools. See Figure ES-3. The guide presents technical explanations and 
requirements of the retrofit and primary considerations for implementation including: 
accommodating current or previous DDC upgrades on the system, complementary repair 
measures, applicable UFGS references for system changes, dehumidification guidance 
and maintenance recommendations. Developed for project implementers and system 
designers.  
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Figure ES-3: Retrofit Implementation Process with Supporting Documents and Tools 

 Procurement Package Templates: Five templates of drawings, specifications, control 
sequences of operation, control points schedules, and a performance work statement 
detail the technical requirements for successful purchase, allow a user to pick and choose 
needed graphics and text from multiple options, and highlight site specific tailoring 
needs. Aimed at project implementers.  
 

Products to Use Technology Successfully 

The Commissioning Guide and portions of the Design Guide help a user establish and verify 
proper operation of the system.  

 Commissioning Guide: Provides project tracking checklists, performance verification test 
procedures, and a deficiency log. Developed for project implementers and equipment 
operators. 

 Testing Adjusting and Balancing (TAB) and Maintenance Considerations: The Design 
Guide provides insights on TAB and maintenance of the fan speed control and potential 
humidity issues. Aimed at equipment operators. 

 

Outreach Efforts 

To promote awareness of both the technology and the supporting implementation resources, the 
project team pursued multiple avenues of outreach including the following: 6 conference 
presentations, 3 on-line training offerings, 4 journal articles, email and/or phone contact with 
over 90 potential implementers, posting on WBDG of a 47-document design and implementation 
suite (https://www.wbdg.org/ffc/army-coe/design-guides/mz-vv-hvac-controls-retrofit, and social 
media postings. See Figures ES-4 through ES-6 and Table ES-1. Additionally, the process for 
potential incorporation of the control sequences of operation into an applicable UFGS has been 
initiated. 
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Figure ES- 4: Six Conference Presentations 

 

 
Figure ES-5: On-line Training 
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Figure ES-6: Four Journal Articles 

 
Table ES- 1: Multizone Retrofit Design and Implementation Suite Posted on WBDG 

TITLE FORMAT PAGES SIZE 

01- Multizone to Variable Volume Overview Fact 
Sheet 

PDF 2 1.3MB 

02- Multizone to Variable Volume Technical Note PDF 8 800KB 

03- Multizone to Variable Volume Savings Estimator Excel workbook 
(xlsx) 

19 tabs 6.0 MB 

04- Multizone to Variable Volume Pitch Briefing PowerPoint (pptx) 1 slide 300KB 

05- Multizone to Variable Volume Scoping Guide Excel workbook 
(xlsx) 

 2.3MB 

06- Multizone to Variable Volume Design Guide with 
Performance Work Statement, Specifications Book, 
and Sequences of Operation 

MS Word document 
(docx) 

88 683KB 

07- Multizone to Variable Volume Points Schedules Excel workbook 
(xlsx) 

8 tabs 241KB 

08.1- Multizone to Variable Volume Bypass Unit 
Controls Drawings  

PDF 12 1.3MB 

08.2- Multizone to Variable Volume Conventional 
Unit Controls Drawings  

PDF 12 1.3MB 

08.3- Multizone to Variable Volume Neutral Deck Unit 
Controls Drawings  

PDF 12 1.3MB 

09- Multizone to Variable Volume Commissioning 
Guide 

Excel workbook 
(xlsx) 

6 tabs 54KB 

10.1- Multizone to Variable Volume Bypass Unit 
AutoCAD Drawings (12 files) 

DWG 12 3.2MB 

`10.2- Multizone to Variable Volume Conventional 
Unit AutoCAD Drawings (12 files) 

DWG 12 3.3MB 

10.3- Multizone to Variable Volume Neutral Deck Unit 
AutoCAD Drawings (12 files) 

DWG 12 3.3MB 

 



ESTCP Final Report 
Energy and Water Projects EW19-5026 xv September 2022 

TYPICAL RETROFIT ENERGY AND COST IMPACTS 

To support understanding of the retrofit’s saving potential, the team applied the field results to 
typical applications. This modeling used the experimental energy improvement along with 
expected multizone HVAC energy requirements for an office building averaged over three 
climate zones with average costs for energy, equipment, and labor. The results were very 
promising, with a 3-5yrs simple pay back (SPB) of investment for typical applications. See 
Error! Reference source not found.. Site specific estimates for particular applications can be 
developed with the Savings Estimator tool. 
 

Table ES- 2: Economics Impact of Retrofit for Typical Applications 

AHU Unit 

Incremental 
Retrofit 
Cost 
($) 

Baseline 
Utility Cost 
Pre-Retrofit 
($) 

Energy 
Savings 
($/Yr) 

NPV ($) 
SPB 

(Years) 
SIR 

Typical Conventional MZ in good 
shape (had equipment schedules) 

$10K $7,100  $2,900  $16K 3.4 2.6 

Typical Conventional w/ RCx  
(had no equipment schedules) 

$14K $10,000 $4,900 $29K 2.8 2.6 

Typical Neutral Deck MZ in good 
shape (had equipment schedules) 

$10K $2,800  $1,900  $6K 5.3 1.6 

Typical Neutral Deck MZ w/ RCx  
(had no equipment schedules)  

$14K $4,200 $3,100 $12K 4.5 1.9 

Notes: Office space. Building size=3600sf. Supply fan size = 5HP. Production efficiency corrections for hot water load: 
distribution losses = 2%, boiler efficiency = 80%. Production efficiency for chilled water load: 1.2kW/ton air cooled. Real 
discount rate = 3%, life of retrofit=10yrs, Blended energy costs used. Electric unit cost =$0.1054/kwh. Natural Gas unit cost 
=$0.7213/therm.  

PROJECT PERFORMANCE ASSESSMENT 

The project met all performance objectives by obtaining acceptable review and constructive 
feedback from pertinent reviewers throughout the process of scope development, composition of 
technical description documents, development of the procurement support package, creation of 
decision and operations support tools, authoring journal articles, giving presentations and 
training, and conducting outreach to interested parties. See Table ES-3. 
 
Each presentation, article published, call, and posting resulted in new interest in the technology 
and the implementation documents and tools, and new collaborators to review the products. As 
of publication of this report:  

 The WBDG document suite webpage has had over 450 visitors and ~400 downloads of 
project related documents.  

 Social media postings had over 7.5K views, over 40 positive reactions, and a sharing to 
another’s network.  

 One attendee at the ESTCP symposium asked if they could have this process applied to 
other technologies to foster implementation.   

 An IMCOM supervisor has requested that 11 installations review the technology for 
applicability and feasibility.  
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 A NAVFAC supervisor asked for a group web meeting to review the technology, and a 
quadchart technology summary to post on their technical innovation SharePoint.  

 An engineering instructor of the PROSPECT HVAC Cx Course will incorporate this 
work into their training curriculum.  

 The BCxA presentation provided scoring by 31 participants and received high ratings and 
enthusiastic comments.  

 A handful of potential HVAC contractors have reviewed the documents and shared 
favorable impressions.  

 One potential contractor has used the estimator as a basis for a 13-site retrofit proposal.  
 A college professor attendee at the BCxA remarked that this is an excellent technology to 

apply during retrocommissioning of existing buildings to optimize energy performance. 
 GSA asked for a meeting to review the retrofit process. 
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Table ES- 3: Technology Transfer Performance Objectives Summary 

 

Performance 
Objective 

Metric Data Requirements Success Criteria Results 

Quantitative Performance Objectives 

TT Scope 
Development 

Updated tasks and 
budget numbers 

Input from a 10-15 
% sampling of 
potential users. This 
equates to 4-5 energy 
managers. 

 
60% satisfaction 
rating (score ≥ 3 out 
of 5), or actionable 
scope adjustment 
action items.  
                                

 
Avg 97% 
satisfaction 
score=4.8/5 
 
 
MET 

Reach out to 
Interested 
Parties 

Satisfaction of Potential 
Users based on product 
technical content and 
ease of use 

Feedback from 10% 
of the 43 interested 
users (4-5 users).  

 
Responses from ≥ 
10%, ≥50% (score 
of 2.5 out of 5) 
satisfaction from 
respondents. 
                                

 
7 respondents 
Avg 90% 
satisfaction 
score=4.5/5 
 
MET 

Qualitative Performance Objectives 

Develop 
Technical 
Description 
Documents 

Acceptable/Unacceptable 

Input from two 
potential users 
(energy mangers) for 
accessibility. 

 
Acceptable review, 
or action items to 
make document 
acceptable.  
Publishing on 
appropriate 
website.   
                                 

 
 
 
 
 
 
 
MET 

Develop 
Procurement 
Package 

Acceptable/Unacceptable 

Input from two 
controls experts, one 
with intimate 
understanding of the 
project, and one new 
to the technology. 

 
Acceptable review, 
or action items to 
make documents 
acceptable.  
Publishing on 
appropriate 
website.   
                                 

 
   
 
 
 
 
MET 

Develop 
Decision and 
Operations 
Support 
Tools 

Acceptable/Unacceptable 
Input from two 
interested energy 
managers 

 
Acceptable review, 
or action items to 
make 
tools/documentation 
acceptable. 
                                 

 
   
 
 
 
MET 

Compose 
Journal 
Articles 

Acceptable/Unacceptable 

Assigned peer 
reviews. 
Acceptance/rejection 
and recommended 
changes/clarifications 

 
Acceptance of peer 
reviewed article for 
publication by 
esteemed global 
professional 
association in 
HVAC. 
                                 

 
   
 
 
 
 
MET 
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COST 

The cost of this technology transfer project to support retrofit implementation is reasonable and 
impactful. A major value added by the technology transfer project is development of estimates of 
the typical economic impact of the retrofit which are very favorable. This is an insight not sought 
by the field demonstration effort. The technology transfer effort also established the means for 
applying the experimentally derived savings of the field demonstration to the specific 
circumstance of potential users. Further its standard approach to implementation provides cost 
savings to the installation and its contractors in the process of applying the technology and 
increases the likelihood of quality installations and successful operation. The technology transfer 
effort costs only a fraction (~2%) of just one year of agency-wide potential annual savings 
(savings that is expected to accrue as a benefit each year for the anticipated 10-year life) of 
projects and positions the DoD for significant facility efficiency success. 
 

IMPLEMENTATION ISSUES 

The COVID pandemic shifted the project schedule and approach due to travel restrictions and 
team members called away to assist the COVID response. The technical journal peer review and 
quality control coordination of the suite of implementation documents proved challenging but 
tractable. Project implementers need funding and time to adopt the technology. 
 

CONCLUSION 

This technology transfer effort is a significant step toward reaping the benefits of a field proven 
technology in the DoD. The developed full-spectrum implementation tools support a potential 
user through the entire process of evaluating, implementing, and using the technology. The 
application of the experimentally determined energy improvement on typical buildings showed 
expected paybacks of 3-5 yrs. The multi-faceted outreach efforts have been well received by 
DoD, industry, and academia. Many people have received and reviewed the documents and 
tools, and several are taking action to implement. Some have used or plan to use the tool for 
proposals. Others have initiated feasibility reviews or are in the process of socializing the retrofit 
or seeking implementation funding. The MZ-VV technology is a cost-effective interim solution 
to accrue savings and meet energy reductions goals. This overall process of technology 
implementation support can serve as a model for promoting other promising technologies. 
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1.0 INTRODUCTION  

A past ESTCP project (EW-201152) developed and demonstrated a low-cost technique to 
convert a constant volume (CV) multizone system to a more energy efficient variable volume 
(VV) multizone system. That project measured and documented the performance of the 
conversion, along with recommending applicability and implementation requirements for future 
implementation. This current ESTCP technical transfer project (EW19-5026) builds off the 
previous demonstration and developed enhanced and additional technical transfer documents and 
conducted outreach to facilitate implementation of this energy and cost savings conversion at 
DoD installations. 

1.1 BACKGROUND  

The DoD has a large existing inventory of CV multizone HVAC systems, an older technology 
that serves multiple zones and is not efficient with energy use when compared to modern HVAC 
systems. The demonstration of the conversion from CV to VV was successful, as the results 
demonstrate the potential for the conversion to meet energy savings, comfort, and maintenance 
requirements.  Cost impacts were mixed compared to anticipated results; however, costs were 
only a fraction of the cost of alternative approaches. Using multiple sources (a questionnaire 
distributed to many CONUS installations, the 2009 Base Structure Report, a poll of three large 
Army Installations, and the energy impacts of the demonstrations), the potential savings from 
implementing this technique for all MZ systems in the DoD is estimated at over 400,000 million 
BTU a year (over $15 million per year). This is based on an estimated pool of potential 
candidates of 3,900 to 5,000 MZ air handlers in use across DoD (Schwenk, 2017).   
 
The MZ-VV conversion focuses on changing the controls of the system rather than extensive 
changes of physical components such as replacement air handlers and ducting changes.   
 

 Current Technology State of the Art: Typically, when a constant volume multizone 
system goes through a retrofit, the system is converted to a more modern variable air 
volume (VAV) system.  This consists of changing the central unit and ducting, adding 
terminal units, adding more hydronic piping and coils, and more controls around the 
building.   

 Current State of Technology in DoD: Currently the DoD keeps older systems such as 
constant volume multizone systems functioning indefinitely to the best of their ability due 
to budget constraints. The conversion to VAV is expensive and intrusive, so is usually 
delayed until catastrophic system failure, or a full facility renovation which vacates the 
building.   

 Technology Opportunity: Rather than going through the expensive, time consuming, 
disruptive retrofit that industry typically suggests, the controls conversion can provide the 
system some modernization without high cost or displacement of occupants. The MZ-VV 
controls conversion occurs mostly in mechanical rooms and in cyberspace through 
controls programming of the utility monitoring and control system (UMCS), minimizing 
the effect on the building occupants. The technology transfer products allow for easier 
and more successful implementation through standard processes for screening, scoping, 
and commissioning, energy savings calculations, performance work statement verbiage, 
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specification language, and applicability and sustainment support. Energy savings 
through system efficiency will lead to lower energy use and costs and increased 
installation energy resilience.  
 

1.2 OBJECTIVES OF THE TECHNOLOGY TRANSFER 

This technology transfer project is a follow on from a previous field demonstration project of the 
MZ-VV energy efficient controls upgrade for multizone air handling systems. The potential 
implementers of this technology need support to take advantage of and adopt the technology. 
The objectives of the technology transfer are as follows: 
 

 Standard Approach Documents and Tools: Facilitate implementation with a standard 
approach for updating multizone air handling systems with easy and effective technology 
transfer documents and tools. 

 Outreach: Promote awareness with broad-spectrum outreach.  
 

The resulting increased energy efficiency helps to meet facility energy, emissions, and resilience 
requirements with constrained budgets.  
 

1.3 REGULATORY DRIVERS 

This technology transfer will help meet several goals of the Energy Independence and Security 
Act of 2007 (EISA). These goals of EISA are to move toward greater energy independence and 
security, increase efficiency of buildings, and improve energy performance of the Federal 
Government. Additionally, the energy efficiency of this retrofit support E.O. 14057 Federal 
Sustainability Plan of 2021’s energy and emission reduction goals. The output of this effort will 
provide the DoD with a low-cost way of increasing the efficiency of legacy systems that will 
support individual services’ goals. 
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2.0 TECHNOLOGY TRANSFER DESCRIPTION 

The previously demonstrated MZ-VV technology converts a constant volume multizone air 
handling system into a variable volume multizone system with instrumentation and controls 
changes rather than a full system change out which requires demolition and installation of a new 
air handler, ductwork, piping, coils, and addition of terminal units. The retrofit technology 
controls the air handler’s coils, fans, and dampers more tightly than its original design to provide 
needed space conditioning with less energy. 
 
The current technology transfer effort developed a suite of implementation support products and 
conducted outreach to potential users. The design and implementation suite provides the needed 
help for decision makers and users to evaluate the technology, streamline its procurement and 
operate it effectively. Outreach efforts have raised awareness and encouraged and supported 
implementation. 
 

2.1 TECHNOLOGY TRANSFER METHOD 

The technology transfer method capitalized on the efforts, insights and contacts identified in the 
demonstration phase. The technology transfer provides interested parties with readily understood 
documentation and implementation support tools. Through outreach, the project team has 
promoted implementation of the technology by making people aware of available resources and 
making those resources readily accessible.  
 
A collaborative iterative approach has been employed throughout this project, working with 
subject matter experts and potential users to refine products for accessibility and pertinence. 
Collaborative review took place during all the project phases from validation of proposed 
product through final outreach. The following four tasks characterize the effort: 
 

 Validation of Planned Products: The project started with a validation of proposed 
products to ensure they meet the potential user’s needs. The specific tasks of this effort 
were informed and finalized based on a preliminary scoping survey of potential user 
needs from the DoD.  The team prepared and conducted a preliminary scoping survey of 
a sampling of potential users from the DoD to determine the technology adoption barriers 
and needs. The team used this feedback to inform and confirm the proposed materials and 
project tasks. The project tasks and budget were updated to reflect the insights of this 
survey. 

 Development of Documents and Tools: Building on the original demonstration output, 
information was reviewed and cross-checked for accuracy and consistency, refined and 
distilled for accessibility, enhanced with supplemental insights for completeness, and 
extrapolated for applicability at new sites. 

 Collaborative Review: The products were vetted with reviewers possessing a variety of 
technical and administrative experience (both new and seasoned engineers, technicians, 
and managers; and possessing either installation, private industry, or research laboratory 
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perspectives). Review included end user surveys, interviews, detailed document and tool 
review with tracked changes, as well as in-person equipment visits.  

 Outreach: Outreach efforts utilized an assortment of methods to spread awareness and 
interest, provide ready access to products, and simplify adoption. Methods include 
posters, articles, conferences, on-line training, user visits, as well as posting documents 
on applicable websites and announcing on social media.  

Most of these efforts occurred in parallel except for the validation of planned products 
occurring before their development. Figure 1 shows a visual depiction of the workflow. 

 

 
Figure 1: Visual Depiction of Technology Transfer Task Workflow 

2.1.1 Task Chronological Summary  

The products validation occurred early in FY20. The technology transfer products were 
developed and refined from mid FY20 through FY22.  Outreach and collaboration efforts began 
at the start of the project in FY20 with the first ESTCP Symposium and continued through the 
close of the project.  Once the products were finalized and shared widely mid FY22, the potential 
for adoption and application around the DoD, other Federal sectors, and private 
commercialization was immediately available.  

2.1.2 Products to Facilitate Adoption  

The products to facilitate adoption allow prospective implementers to evaluate the technology, 
streamline their procurement, and verify successful operation of their equipment. These products 
consist of technology description documents (poster, Fact Sheet, Technical Note, and Pitch 
Briefing), decision support tools (Scoping Guide, Savings Estimator) procurement support tools 
(Design Guide, Procurement Package Templates for: specifications, drawings, sequences of 
operation, points schedule, contract language), and an operations support tool (Commissioning 
(Cx) Guide). They are grouped by the function they support (of evaluating, procuring, or using): 
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Products to Evaluate Technology 

Several tools were developed to acquaint the assortment of installation stakeholders with the 
retrofit technology and support applicability determinations to allow a thorough evaluation of the 
technology by potential users. Technology evaluation helps potential users determine if the MZ-
VV technology is the right fit for their circumstances. Products include: 

 

 Technical Description Documents and Training: 

o ESTCP Technology Fact Sheet: The Fact Sheet provides a 2-page quick introduction 
to the retrofit, its benefits, applicability, and available resources for general audiences 
The Fact Sheet is a 2-page ESTCP standard presentation of the technology. 

o Technical Note: The Technical Note provides a distillation of the pertinent details of 
the original demonstration’s technical report into an 8-page document. Technology 
details, field demonstration results, and application insights are presented for an 
engineering audience. 

o Pitch Briefing: The Pitch Briefing is a single PowerPoint slide with script to socialize 
and convey the retrofit opportunity to budgetary and administrative decision makers. 
Geared for the executive audience. 

o Training: Training delivers a one-hour technical overview of the retrofit and the 
supporting implementation tools for engineers and technicians. Free, on-demand 
training on the technology is available at the Whole Building Design Guide, 
https://www.wbdg.org/continuing-education/dod-courses/estcp/estcp4-4, and on 
Slipstream’s website, https://slipstreaminc.org/estcp. Training for purchase is also 
available from the Building Commissioning Association, 
https://www.pathlms.com/bcxa/courses/33553/sections/37765. All are one-hour 
courses with continuing education units 

 Retrofit Decision Support Tools: These tools help potential users gauge the cost and 
benefits and identify candidate systems for retrofit. 

o Estimator: The Estimator gauges the expected energy and cost impact of retrofit with 
life cycle cost analysis. Supports early feasibility screening and customized site-
specific calculations. Aimed at a joint administrative and technical team. 

o Field Scoping Guide: The Field Scoping Guide steps a user through strategic 
installation-wide screening as well as assessment of an individual unit’s operational 
status and suitability for retrofit. Helps identify complementary repair and upgrade 
activities that should accompany the retrofit. Aimed at a combined engineering and 
technician field team. 

 

Products to Streamline Procurement  
The Design Guide and the Procurement Package Templates streamline the design and 
procurement of the retrofit with a standard procedure that considers best practice and reduces 
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one-off efforts for designers, installers, and equipment users. This standard approach minimizes 
disjointed or duplicative acquisition efforts.  
 

 Design Guide: The Design Guide lays out a roadmap for implementation that utilizes 
developed support documents and tools. The guide presents technical explanations and 
requirements of the retrofit and primary considerations for implementation including 
accommodating current or previous DDC upgrades on the system, complementary repair 
measures, applicable UFGS references for system changes, dehumidification guidance 
and maintenance recommendations. Developed for project implementers and system 
designers.   

 Procurement Package Templates: The Procurement Package Templates include five 
templates for purchasing that detail the technical requirements for success, allow a user to 
pick and choose needed graphics and text from multiple options, and highlight site 
specific tailoring needs. Aimed at project implementers. 

o Specifications Book Template: The Specifications Template provides technical 
equipment and operations requirements of the retrofit. 

o Control Sequences of Operation Template: The Control Sequences Template 
provides a step-by-step description of the control scheme functionality and logic for 
the HVAC equipment.  

o Performance Work Statement Template: The Performance Work Statement Template 
provides sample outcomes-based language for contracting out the retrofit. 

o Control Drawings Template: The Drawing Template provides graphical 
representations of the system layout, control logic schematics, and detailed tables of 
equipment specifications. 

o Control Points Schedule Template. The Controls Points Schedule catalogues the data 
input and output from sensors and calculations. 

The team worked with industry and installation engineers to enhance the products and 
coordinated with USACE HVAC Technical Center of Expertise (at U.S. Army 
Engineering and Support Center, Huntsville, AL) for recommendations to improve these 
template documents. 

 

Products to Successfully Operate Technology  

The Commissioning Guide and portions of the Design Guide help field staff use the system 
successfully. 
 

 Commissioning (Cx) Guide: The Cx Guide is a spreadsheet tool that provides 
procedures and check lists to establish and verify proper operation of the system. It 
provides project tracking checklists, performance verification test procedures, and a 
deficiency log. Developed for project implementers and equipment operators. 
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 Testing Adjusting and Balancing (TAB) and Maintenance Considerations: The 
Design Guide provides insights on TAB and maintenance of the fan speed control and 
potential humidity issues. Aimed at equipment operators. 
 

2.1.3 Outreach Tasks 

The project team pursued multiple avenues of outreach to promote awareness of both the 
technology and the supporting implementation resources including the following: 

 Conference Presentations: The team presented to an assortment of technical organizations 
including an American Society of Heating, Refrigeration and Air Conditioning Engineers 
(ASHRAE) Conference, the Building Commissioning Association (BCxA) Conference, 
DoD’s Energy Exchange Conference, the USACE Community of Practice Meeting, and two 
ESTCP Symposiums. 

 On-line Training: The team developed a free on-line, on-demand ESTCP training class on the 
MZ-VV retrofit Additionally, BCxA offers a recording of the conference training 
presentation for purchase.   

 Journal Articles: The project team composed an ASHRAE Conference paper published in 
ASHRAE Transactions, an ASHRAE Journal peer reviewed article and two articles for The 
Military Engineer.  

 Outreach to Interested Parties. The project team contacted the offices of the interested people 
from the demonstration project survey as well as newly identified interested parties to 
introduce the technology and implementation support tools and receive feedback.  

 Document Posting. The products of this project are posted on the Whole Building Design 
Guide website.  

 Standardized Specification. The team initiated potential inclusion of the developed control 
scheme into an applicable DoD Guide Specification.  

 Social Media. Notifications of the project and available implementation resources were 
posted on social media sites LinkedIn and Facebook.  

 

2.1.4 Technology Stage of Maturity 

The Multizone Controls Retrofit technology is in the adoption stage of maturity. The physical 
components of control are off the shelf products (sensors, actuators, variable frequency drives, 
and digital control systems). The application and control scheme of these components is new and 
innovative.  The value and risks of this technology are conditionally understood by those 
intimately involved in the effort from a limited one-year trial of five applications.  There is one 
other partial application of the technology that the team is aware of, but it did not include 
performance verification. There is no commercial availability of established installers of the 
technology package or a field vetted application package. There may well be commercial support 
that could be acquired from the mechanical and controls contractors involved in the 
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demonstration if their risks were limited to the accurate installation and programming of the 
equipment and not the savings and performance of the system over time. 

 

2.1.5 Future Potential for DoD  

The expected application for the DoD is for installation energy managers and/or operations and 
maintenance staff to use the resources provided to evaluate multizone systems and implement the 
conversion with standard documents and drawings. These documents are available DoD wide 
and to the general public and are not specific to any organization. 

The documents and tools produced, and the information gathered are useful input to a potential 
future demonstration of this technology by UESCs. The Scoping Guide, Design Guide, template 
drawings, specifications, points schedule and performance work statement, as well as the 
commissioning guidance support contracting out this upgrade.  
 
If the site-specific economics are acceptable to potential users, it is expected that limited scale 
implementation of this technology could be achieved within a year of the completion of this 
project depending on the status of available ESPC or UESC contracts.  

 

2.2 VALIDATION OF PLAN FOR TECHNOLOGY TRANSFER PRODUCTS 

The project team interviewed several potential users of the controls retrofit to review the 
proposed tools and documentation for presumed utility and desirability. The project scope was 
adjusted based on the feedback received. The team interviewed 4 energy managers who represent 
12% of the people who identified themselves as very or moderately interested in a retrofit. The 
individual products of the effort were given a 1-5 rating (with 1 being low or least useful and 5 
being high or most useful) from each participant (see Table 1). A targeted approval goal of 3 out 
of 5 (60%) average rating was set for each item, and for the suite of products as a whole.  If an 
item did not reach that benchmark, actionable scope adjustments would be discussed with the 
participants. 
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Table 1: Summary of Product Screening Responses 

 Usefulness of:  Site A  Site B  Site C  Site D 
Average 
score 

Technical Note  5  5  5  5  5 

Design Guide  5  5  3  5  4.5 

Scoping Document    5  5  5  5 

Economic Calculator  5  5  5  5  5 

Contract Language  5  5  5  5  5 

Commissioning and 
Performance 
Verification Guidance 

5  5  3  5 

4.5 

Overall Project Utility  5  5  5  5  5 
 
The feedback for the technical transfer project was very positive, with the rating of the overall 
project approach receiving a 5 out of 5 average rating. The Technical Note, Scoping Guide, 
Economic Estimator, and standard scoping language all received a 5 out of 5 average rating. The 
design guide and commissioning/performance verification documents received a 4.5 average 
rating, with one participant giving both of those documents a 3 out of 5. While that rating is 
within the average rating goal, the participant stated those documents are not as important or 
useful to them compared to the other proposed documents and tools. All respondents agreed to 
review materials for usefulness. 
 
Additional feedback included: 

 According to a reviewer from the Air Force (AF), The AF prioritizes project funding by 
CATCODE in the BUILDER Sustainment Management System based on mission 
criticality (Rated 1-99 on their mission dependency index). This rating method is used as 
opposed to energy savings, which is addressed at the organizational level. 

 In the AF, impact on energy resilience would be a meaningful selling point for project 
funding. They suggested language on resilience be incorporated into support tools to 
promote implementation. 

 Reviewers from the Army and the AF said they would like to have more performance 
data to see if sites similar to their own had success, and if the retrofit is worth their time. 

 One reviewer asked if the energy savings could be used to justify a full VAV conversion, 
and if the tools could help estimate the cost of a full VAV conversion. 

 One reviewer observed that there was standard measurement and verification for the 
Energy Resilience and Conservation Investment Program (ERCIP) which may apply 
here. They also noted that if the design guidance was not site specific it would not be as 
important as the cost estimator with the payback analysis.   
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Based on this feedback, as well as input from the ESTCP review panel and project collaborators, 
the approach was adjusted as follows: 

 The effort continued with the planned tools and documents and added a fact sheet, pitch 
briefing, and on-line training.  

 Resilience justification language was added to the Design Guide as a potential addition 
to a contract package.  

 The team will recommend review of the BUILDER mission dependency index to 
identify critical facility types to prioritize for retrofit in the Design Guide.  

 The products incorporated insights on the cost of a full VAV conversion (e.g., that full 
conversion is on the order of 25 times the cost of the controls upgrade) but the team 
recognized that a full conversion calculator is labor intensive and outside of the scope of 
this work.  

 Although the team originally planned to ask any early implementers to gather 
performance data to help others decide on applicability at their site, no sites implemented 
during the duration of the project. 

This process proved very useful and established that the work is viewed as valuable and useful by 
the target audience. 

2.3 IMPLEMENTATION SUPPORT DOCUMENTS AND TOOLS 

The suite of design and implementation tools guides a potential user through the probable steps 
of implementation with ready information and procedures for use at each stage from technology 
evaluation, through procurement, to performance verification. Consideration was given to the 
variety of people involved in these steps and the appropriate level of technical detail for each 
user. Many of the tools assume implementers will be looking at multiple and varied air handling 
units for potential application of the technology and allow for review of varied scenarios. The 
procurement tools are set up as multiple templates that provide an assortment of descriptions and 
details for common multizone configurations so that the user can select and customize the 
applicable sections and delete content that does not apply. Pertinent document formats (including 
PDF, Excel spreadsheet, Word document, PowerPoint and AutoCAD drawing files) allow rapid 
system analyses and development of procurement packages. 
 
As introduced in Section 2.1.2,the informational documents and training to support technology 
evaluation include a Fact Sheet, Technical Note, Pitch Briefing, and online training. The decision 
support tools for technology evaluation include the Savings Estimator and the Scoping Guide. 
The products to streamline procurement include the Design Guide and Procurement Package 
Templates. The products to successfully operate technology are the Commissioning Guide and 
select sections in the Design Guide. Most of these products are discussed in the sections below. 
The training will be discussed with the outreach in Section 2.4.2.  
 

2.3.1 Fact Sheet 

The fact sheet is a two-page summary of the technology, the field demonstration results, and a 
list of available resources in standard ESTCP format. In bulleted lists, key diagrams, and tables, 
it introduces a potential user to the retrofit features and options, benefits, recommendations for 
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ideal candidates for retrofit, savings from the field demonstration, available technology transfer 
tools and provides citations for additional resources. See Figure 2Figure 3. 
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Figure 2: Fact Sheet Page 1 
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Figure 3: Fact Sheet Page 2 
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2.3.2 Technical Note 

The Technical Note provides a distillation of the pertinent details of the original demonstration’s 
120-page detailed technical report, as well as additional insights developed during the technical 
transfer project, in an 8-page document. The goal for this note was to inform energy managers 
and building operators of the essentials of the retrofit in a condensed, accessible document that 
can be digested in a reasonable amount of time.  
 
It includes an overview of the efficiency shortcomings of traditional multizone designs and the 
obstacles to system change out, a description of the retrofit components and the control schemes, 
schematics and characterizations of typical multizone configurations, the field demonstration 
methodology and results, extrapolated estimates of energy and cost impacts for typical 
applications, implementation approaches, benefits of the retrofit, cost drivers, considerations for 
unit suitability for retrofit, a profile of good candidates for retrofit, common complementary 
retrofit needs, and a listing of implementation support tools. See Figure 4 through 11. 
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Figure 4: Technical Note Page 1 of 8 
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Figure 5: Technical Note Page 2 of 8 
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Figure 6: Technical Note Page 3 of 8 
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Figure 7: Technical Note Page 4 of 8 
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Figure 8: Technical Note Page 5 of 8 
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Figure 9: Technical Note Page 6 of 8 
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Figure 10: Technical Note Page 7 of 8 
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Figure 11: Technical Note Page 8 of 8 
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2.3.3 Savings Estimator 

This Savings Estimator is designed to help a potential implementer of the Multizone to Variable 
Volume HVAC Controls Retrofit gauge the life cycle energy and cost impact of the change for 
their particular application accounting for local weather, costs, and equipment configuration and 
condition. The estimator employs many default values so that it can be used early in the retrofit 
decision process using limited user-provided information to help determine if the effort is worth 
further investigation. These limited required inputs (about a dozen items) allow preliminary 
calculation of the impact of the basic VV retrofit on a system that is not on a central plant and 
otherwise functioning correctly. The estimator can also be used after performing more detailed 
scoping activities, to help refine the cost estimate.  
 
The spreadsheet estimator flags common conditions that would disqualify a unit from retrofit 
such as extensive required equipment repairs, underlying problematic system layout issues, or 
inability to accommodate the required air flow measurement. The estimator employs numerous 
drop-down menus, multiple choice radio buttons, embedded explanatory notes, and logic based 
conditional formatting that greys-out details that do not apply to current selections or displays 
warnings or recommendations regarding selections. All assumptions and calculations are 
viewable and overridable by the user. Technical sources and reasoning are noted throughout. The 
provided estimator allows for modeling up to five units or scenarios with a single location entry. 
Additional copies of the estimator can be used for larger applications, or the baseline spreadsheet 
can be modified by the user for custom conditions, as the spreadsheet cells are not locked. 
Tabular output is provided by unit or as a combined roll-up of the multiple scenarios described.  
See Figures 12 through 15 for screenshots of the Savings Estimator. 
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Figure 12: Savings Estimator Location Information Tab 
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Figure 13: Savings Estimator Individual Unit Input 
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Figure 14: Savings Estimator Single Unit Results Table 

 
Figure 15: Saving Estimator Multiple Unit Results Roll Up 

2.3.3.1 Basis of Calculations  

The estimator combines multiple inputs: 
 User entered information (building activity and floor area, location, existing equipment 

sizes, configuration, retrofit/repair choices, and local utility costs) 
 Typical HVAC requirements for the designated building activity in the local climate zone 

(from DOE’s Energy Information Administration - Commercial Building Energy 
Consumption Survey (EIA-CBECS) data)  
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 Experimentally determined technology savings percentages  
 Common energy modeling methods  
 RS Means Cost Data. 

The estimator calculates the expected annual energy and cost savings, and life cycle economics 
of the improvements for typical building and load applications. 
 

2.3.3.2 Calculation Customization  

Several tailoring options for the calculations are available and include: 
 Selection of the basic VV retrofit or the version with optional demand-controlled 

ventilation 
 Selection or designation of common complementary activities during upgrade: 

o Retrocommissioning  
o Equipment on/off scheduling  
o Addition of economizer function  
o Conversion from pneumatic controls to direct digital control (DDC),  
o Upgrade of fan motor (s) 
o Init specific repair needs determined by the user (such as cleaning of a 

fouled heat exchanger) 
 Estimates of distribution system energy losses for central plant hydronic or steam systems 
 Ability to use auto-generated estimates for energy efficiency, savings percentage and 

cost; or override these estimates with user provided inputs 
 Ability to use a ballpark estimate of costs for retrocommissioning, or develop a refined 

estimate based on site-specific conditions 
 Ability to gauge impact of the most common energy efficiency controls measures of 

scheduling equipment or adding economizer function 
 Ability to review specific common retrofit measures as stand-alone activities or to 

combine multiple measures into a retrofit package and see the full budget requirements 
and estimated energy impact accounting for diminishing returns of collective measures.  

  
  

2.3.4 Pitch Briefing 

The pitch briefing is a single Power Point slide with script designed to support discussion with 
stakeholders and decision makers about the retrofit and potential further exploration.  It presents a 
brief description of the technology and its energy and economic impact, available implementation 
resources and next steps in retrofit investigation. See Figure 16. 
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Figure 16: Pitch Briefing Slide with Script 

2.3.5 Field Scoping Guide 

The Field Scoping Guide helps a user identify reasonable candidates for retrofit from their 
portfolio of buildings. The approximately 26 pages (2.3MB) of content over 7 spreadsheet tabs 
walk the user through assessing existing multizone (MZ) air handling units’ operational status 
and their suitability for the MZ-VV retrofit. Both strategic installation-wide screening as well as 
individual unit evaluation is presented. The results of this scoping effort will inform a contract 
for retrofit of the selected units. 
 
The guide outlines a step-by-step process that starts with familiarizing the user with the retrofit 
technology, terminology and potential energy and cost impacts; then moves through an 
installation or campus level screening that identifies units that merit further consideration based 
on their size, condition, serviceability, configuration, use profile, and planned upgrades.  Once a 
preliminary list of potential units is assembled, detailed field inspection procedures for individual 
unit evaluation bring into focus conditions incompatible with the retrofit (such as faulty zone 
layout, or inability to accommodate airflow measurement equipment) in addition to the 
operational issues that need to be addressed along with the retrofit to achieve a satisfactory 
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retrofit project outcome. These activities prompt reduction of the field of retrofit candidates to 
solid contenders. The post field inspection documents the findings and readies the insights 
gained for application to retrofit design and specification. See Figure 17. 
 

 
Figure 17: Field Scoping Process 

  
The guide provides ready data forms, technical descriptions, inspection prompts and insights as 
well as suggested interview questions for maintenance staff. See Figures 18 through 23. The 
objective is to systematize the scoping process that results in a thorough understanding of 
conditions of the system which need upgrade or repair beyond the basic variable volume 
modification to attain a fully functioning system post retrofit that will provide adequate HVAC 
service. Sample complementary activities might include addressing failed dampers or valves, 
remedying deteriorating insulation or upgrading actuators and controllers to direct digital control.  
The complementary activities will increase user satisfaction with the change, maximize savings, 
and extend service life.  
 

Familiarization

Installation Screening

Preparation for Field Inspection

Field Inspection

Post Field Inspection
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Figure 18: FSG: Overview Tab Excerpt 
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Figure 19: FSG: Reference Tab Excerpt 
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Figure 20: FSG: Installation-Wide Screening Datasheet 

 
Figure 21: FSG: Detailed Field Data Form 
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Figure 22: FSG: Inspection Prompts Example 
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Figure 23: FSG: Technician Interview Questions Excerpt 
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2.3.1 Procurement Support Tools 

The procurement support tools consist of the Design Guide (with appendices that contain 
templates for a Performance Work Statement, Specifications Book, and Controls Sequences of 
Operation), the template Control Drawings Set and template Control Point Schedule to facilitate 
procurement efforts. Many of the documents are provided in template fashion by presenting 
language and drawings for multiple common equipment configurations to allow the user to pick 
and choose the text or graphics that matches their situation and strike out or delete what does not 
apply. Resources are provided in ready-to-use format such as MS Word documents, AutoCAD 
drawings and Excel spreadsheets. These ready formats help the user to quickly produce 
procurement packages that systematically consider best practices, and to minimize one-off 
efforts. 
  

2.3.1.1 Design Guide 

This Design Guide serves as an overall roadmap to support implementation of a variable volume 
retrofit. Described activities range from selecting which air handling unit(s) (AHUs) are good 
candidates for retrofit, through preparing contract documents for award, to performing 
inspections and tests leading to system acceptance and turnover. See Figure 24. This document 
includes technical requirements along with a process for implementation that make use of 
supporting tools (e.g., text documents, procedures, spreadsheets and drawings) developed in 
conjunction with the guide1.  
 

 
1 See the Design Guide appendices and the whole building design guide, www.wbdg.org/ffc/army‐coe/design‐
guides for accompanying files. 



36 
 

 
Figure 24:DG Cover 

 
Figure 25: DG Foundational Sections 

The foundational portion of the nearly 90-page guide are the 7 pages of Sections 4 and 5 that 
describe key implementation considerations and the retrofit process See Figure 25. The other 
information is either introductory, reference, or supporting template documents. The primary 
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considerations presented include implementation approaches that account for and interact with 
current or previous DDC upgrades on the system, and applicable UFGS references for DDC 
upgrade and HVAC system repair, monitoring, tuning and cybersecurity.  The retrofit process 
includes project scoping, estimating, system selection, contracting, installation and 
commissioning. This process and the supporting tools are show in Figure 26. 
 

 
Figure 26: Retrofit Implementation Process with Supporting Documents and Tools 

Implementation support contents includes a technical explanation of the retrofit, features of 
typical system types, requirements for project-specific equipment, control strategies, 
recommendations on DDC integration, dehumidification guidance, and maintenance 
considerations. The appendices provide the templates for the PWS, specifications book, control 
sequences of operation, as well as overviews of the scoping guide and savings estimator. 
 

2.3.1.2 Procurement Package Templates for  PWS, Specifications Book, Sequences of 
Operation, Drawings, and Points Schedule 

The Performance Work Statement, Specifications Book, Sequences of Operation, Drawings and 
Points Schedule complement each other to fully describe the required work. They need to be 
developed and tailored and coordinated with each other by the designer/specifier as a combined 
package. 
 
The Performance Work Statement (PWS) template provides sample outcomes-based contracting 
language for the MZ-VV retrofit implementation at an installation. This includes editable 
language for the project technical requirements based on the retrofit specifics at an installation as 
well as additional language beyond the retrofit to incorporate complementary repairs and 
upgrades. The template flags content that will need to be provided, edited, or tailored with 
highlighted text in square tailoring brackets. See Figure 27. It also references other 
implementation support documents to use on contract package preparation and lists typical 
needed attachments. 
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Figure 27:PWS Template Excerpt 

 
The Specifications Book template provides sample technical equipment and operations 
requirements for the VV retrofit project. See Figure 28. Requirements cover materials and 
workmanship, quality requirements for the products, and specifics of how the products are 
incorporated into the work including equipment labeling, startup procedures, performance 
verification, and system training. The sections that need to be tailored are flagged in square 
tailoring brackets. Designer/Specifier notes are provided throughout. Language for common 
complementary system repairs and upgrades beyond the standard retrofit is provided for the 
specifiers benefit including motors, sensors, controllers, and actuators. Additional requirements 
and specification sections may be needed and added at the designer’s discretion. 
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Figure 28: Specifications Book Excerpt 

The Control Sequences of Operation template provides a step-by-step description of the control 
scheme functionality and logic for the HVAC equipment. See Figure 29. Schemes are presented 
by multizone type (Bypass, Conventional Hot Deck/ Cold Deck, and Neutral Deck). Specifiers 
notes and tailoring selections (in square brackets) are provided throughout to accommodate 
systems with return fans and systems where the demand-controlled ventilation option is chosen. 



40 
 

 
Figure 29: Sequence of Operation Excerpt 

The Control Drawings Template provides graphical representations of the system layout, control 
logic schematics, and detailed tables of equipment specification. See Figure 30. Drawings are 
provided in 12 drawing sets for the three common system types (bypass, conventional and neutral). 
Specific sheets include control schemes, ladder diagrams, control logic diagrams, and placeholder 
pages for sequences of operation and DoD format Points Schedules that are developed from the 
Sequences of Operation and Point Schedule templates. 
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Figure 30: Design Drawings Excerpt 

 

2.3.2 Commissioning Guide 

The Commissioning (Cx) Guide is a spreadsheet tool that provides procedures and check lists to 
establish and verify proper operation of the system, to ensure the equipment operates as designed 
and provides the needed space conditioning. See Figure 31. The Performance Verification Test 
in the Cx Guide can be repeated over time to ensure ongoing correct and efficient operations.  

The guide is intended to assist with the execution of a MZ-VV retrofit project to help ensure that 
the specified equipment has been correctly acquired, installed as required, and is functioning 
properly.  It is designed to help the Contracting Officer's Quality Assurance Representative work 
through project familiarization, start up, performance verification, deficiency resolution, and 
turnover.  Since each project is unique and has its own specific circumstances and requirements, 
this document is meant to be edited for each specific project based on the contract documents.  
This guide is intended to work along with the MZ-VV Design Guide, Control Drawings and 
Specifications Book. 

 
The Cx Guide provides a step-by-step process for commissioning the retrofit to ensure correct 
operations. It includes project progress tracker checklist, startup checks, performance verification 
testing, and deficiency log. 
 
The performance verification test is a point-by-point check to ensure the retrofit operates as 
intended. Every aspect and portion of the control sequence is tested including the following: 



42 
 

sensor accuracy, fan variable speed operation, economizer operation, water valve operation and 
demand-controlled ventilation. 
 

 
Figure 31:Cx Guide: PVT Excerpt 

2.4 OUTREACH 

2.4.1 Conference Presentations and Networking 

The project team gave six conference presentations and attended one additional conference for 
networking. Team representatives attended the 2020 ASHRAE Winter Conference to network 
with conference personnel and advocate for a future presentation of the work. The team 
participated in two virtual conferences (the 2021 DOE Energy Exchange and the 2021 ASHRAE 
Winter Conference) and two in-person conferences (USACE Community of Practice 2021 
meeting and the Building Commissioning Association 2021Conference), to present the 
demonstration results and technical transfer suite of products.  See Figure 32. 
 
The ASHRAE Conference provided valuable feedback on the work from HVAC industry 
practitioners and industry standards committee representatives. Over 3,000 buildings-related 
industry professionals attend this event, with the AHR Expo being the world’s largest HVAC&R 
marketplace. The Building Commissioning Association (BCxA) Conference alerted an 
international group of building managers, academics, and potential installers of the 
implementation resources. The Energy Exchange Conference, the USACE Community of 
Practice meeting, and the two ESTCP Symposiums provided instruction and networking to DoD 
Energy Managers, USACE Engineers and related DoD stakeholders. The Energy Exchange is the 
largest training and trade show event for the Department of Energy.  Thousands of attendees 
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from the Federal, State, and Local Government attend the Energy Exchange every year, along 
with other industry technical experts in the private and public sectors of energy management. 
 
A physical project poster (2019) and a PowerPoint presentation (2020) offered a big picture 
overview of the project. They were used at the ESCTP Symposiums to generate awareness and 
interest in the retrofit. PowerPoint presentations and question and answer sessions were offered 
at the conference meetings. The conferences also utilized quizzes in addition to session 
participation for the attendees to earn continuing education units. 
 

 
Figure 32: Six Outreach Presentations 

2.4.2 On-line Training 

The team developed a free on-line, on-demand ESTCP training class on the MZ-VV retrofit that 
is offered on SlipStream’s website https://slipstreaminc.org/estcp and the WBDG website, 
https://www.wbdg.org/continuing-education/dod-courses/estcp/estcp4-4. See Figure 33 through 
34. Additionally, BCxA offers a recording of the 2021 conference training presentation as part 
their Track 2: Commissioning Essentials training course available for purchase, 
https://www.pathlms.com/bcxa/courses/33553/sections/37765. Each training offering is one hour 
of instruction. All three training sources provide the opportunity for receiving continuing 
education unit credit with lesson viewing and successful completion of the content quiz. 

This training covers and introduction to multizone types, the retrofit details and benefits, the field 
demonstration results, and the implementation support tools. 
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Figure 33: On-line Training at WBDG 
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Figure 34: On-line On-demand Training on Slipstream 

 

2.4.3 Journal Articles 

Utilizing the technical richness of the original demonstration’s Final Report, as well as new 
insights developed during the technology transfer phase, four journal articles were composed to 
convey the demonstration methods, the technology analysis procedures, the results of the 
demonstration test and the technology transfer effort. Publications included ASHRAE 
Transactions, ASHRAE Journal, and the Society of American Military Engineers’ periodical, 
The Military Engineer. Individual service periodicals originally targeted for publications 
including Navy Currents, AF Engineer, and the Army’s DPW Digest are no longer in operation. 
Organizational websites for each service have been contacted to publicize the work. 
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Figure 35: Four Outreach Articles 

2.4.4 Potential User Contact  

Leveraging the demonstration phase identification of parties interesting in learning more about 
the technology, the project team contacted the offices of the forty-three interested people from 
the demonstration project survey to introduce the technology, provide links to the documents and 
tools and offer follow-on discussion. The team also contacted parties that had identified 
themselves as interested in the technology from the assorted presentations and articles, and 
parties recommended by primary contacts. Over ninety people were contacted. The group 
represented primarily energy and building managers from military installations, but also included 
HVAC controls contractors and HVAC retrocommissioning providers. 

The team made additional contacts to the military installations in this group to grain additional 
insights on their systems, needs, priorities, interest in moving forward with technology adoption, 
desired assistance and barriers to implementation.  

2.4.5 Document Posting 

The implementation support products of this project (totaling 47 documents) were posted on the 
Whole Building Design Guide website for ready access by potential implementers, 
https://www.wbdg.org/ffc/army-coe/design-guides/mz-vv-hvac-controls-retrofit. See Figure 36. 

Although other websites were originally considered for duplicate postings, the team determined 
that posting on multiple sites would introduce undesirable quality control issues. Instead, 
publication notices were sent to energy managers and pertinent media (including ESTCP).  
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Figure 36: Implementation Suite on WBDG 
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The team initiated potential inclusion of the developed control scheme into an applicable DoD 
Guide Specification. The team submitted a Criteria Change Request on the Whole building 
Design Guide to recommend potential inclusion of the developed MZ-VV control sequences in 
the Unified Facilities Guide Specification UFGS 23 09 93, Sequences of Operation of HVAC 
Controls, https://www.wbdg.org/ffc/dod/unified-facilities-guide-specifications-ufgs/ufgs-23-09-
93.  See Figure 37. Feedback from the Specifications and Criteria group indicated that the 
targeted guide specification is scheduled for update by the tri-services in the next few years and 
the group will consider if this addition is appropriate. 
 

 
Figure 37: Criteria Change Request on WBDG 
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2.4.6 Social Media 

Notifications of the project and available implementation resources were posted from LinkedIn 
personal profiles and LinkedIn groups for: the Association of Energy Engineers, SERDP-
ESTCP, the Building Commissioning Association and ASHRAE. A notification was also posted 
on the SERDP-ESTCP Facebook page.  Website statistics that were available to the project team 
show over 6.5K views, and 30 positive reactions (“likes” or “applause”). The largest exposure 
occurred on the Association of Energy Engineer’s group page, which is targeted to building 
energy professionals. See Figure 38. 
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Figure 38: LinkedIn Posting 
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Figure 39: Additional LinkedIn Posting 

2.5 DEVELOPMENT OF TYPICAL RETROFIT ENERGY AND COST IMPACTS 

The demonstration units did not have typical thermal loading because the Conventional units at CERL 
served entirely interior zones (did not have building shell effects of outside walls, etc.) and the Neutral 
Deck units at Ft. Bragg had conservative room temperature setpoints (68°F heating, 74°F cooling) that 
limited the heating and cooling provided.  

To support understanding of the retrofit’s saving potential, the team applied the field results to 
typical applications. This modeling used the experimental energy improvement along with 
expected multizone HVAC energy requirements for an office building averaged over three 
climate zones with average costs for energy, equipment, and labor. CBECS was used as a source 
of typical heating/cooling/ventilation requirements by building activity and climate zones. 
Adjustments were made for the simultaneous heating and cooling of the conventional units. The 
typical impact presented below represent averages of mixed /humid and cold/very cold climates 
with US average construction and fuel costs. Typical conditions include a 10 yr. life cycle, a 
campus of less than 10 buildings served by the central plant, and air-cooled chillers. 

The results were very promising, with a 3-5yrs SPB of investment for typical applications. See 
Error! Reference source not found.. Site specific estimates for particular applications can be 
developed with the Savings Estimator tool. 
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Table 2: Economic Impact of Retrofit for Typical Applications 

AHU Unit 

Incremental 
Retrofit 
Cost 
($) 

Baseline 
Utility Cost 
Pre-Retrofit 
($) 

Energy 
Savings 
($/Yr) 

NPV ($) 
SPB 

(Years) 
SIR 

Typical Conventional MZ in good 
shape (had equipment schedules) 

$10K $7,100  $2,900  $16K 3.4 2.6 

Typical Conventional w/ RCx  
(had no equipment schedules) 

$14K $10,000 $4,900 $29K 2.8 2.6 

Typical Neutral Deck MZ in good 
shape (had equipment schedules) 

$10K $2,800  $1,900  $6K 5.3 1.6 

Typical Neutral Deck MZ w/ RCx (had 
no equipment schedules)  

$14K $4,200 $3,100 $12K 4.5 1.9 

Notes: Office space. Building size=3600sf. Supply fan size = 5HP. Production efficiency corrections for hot water load: 
distribution losses = 2%, boiler efficiency = 80%. Production efficiency for chilled water load: 1.2kW/ton air cooled. Real 
discount rate = 3%, life of retrofit=10yrs, Blended energy costs used. Electric unit cost =$0.1054/kwh. Natural Gas unit cost 
=$0.7213/therm.  

2.6 ADVANTAGES AND LIMITATIONS OF THE TECHNOLOGY TRANSFER 
METHOD 

2.6.1 Advantages  

This effort provides a decidedly more deliberate, collaborative, and expansive approach to 
technology transfer than many public sector research efforts that concentrate on technical 
outcomes. This work picks up the admirable work of the demonstration team and attempts to 
bridge the gap between the experimental findings and scientific explanations, and real-world 
implementation. It makes the work accessible and pertinent to the military installation 
implementer accommodating their limited time, money, and depth of familiarity with HVAC 
equipment controls. 
 
The resulting implementation products distill technical documents into manageable summaries, 
bulleted list, and tables as asked for by building operators.  
 
The discussions with an assortment of practitioners produced application insights that were 
captured for the potential technology user.  
 
The development of the savings estimator led to deeper understandings of how the field 
demonstration calculations captured the energy impact of the technology upgrade but did not 
represent typical use applications. The extrapolation of experimental results to typical facility 
application scenarios shows the variable volume technology as significantly more promising 
economically than originally presumed by the field tests. Further, it allows an interested party to 
explore the economic impact of the retrofit given their local climate; costs of energy, materials, 
and labor; and specific facility end use. The multi-level calculations allow early screening 
approximations in addition to detailed cost estimates that reflect the full scope of the retrofit 
effort. The widespread options for user overrides of assumptions empower the user to easily 
adapt the tool as desired. 
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The template approach to the many procurement package tools provides speed of development 
with minimized tailoring for particular circumstances.  
 
The ready access documents in usable form: Word documents, Excel spreadsheets, PowerPoint 
presentations and AutoCAD drawing files reduce the time and costs of implementation activities.  
 
The method received enthusiastic reviews from multiple audiences and can be a model that 
inspires other efforts to maximize the use of proven technologies. 

2.6.2 Limitations 

The limitations of the technology transfer approach include the vast diversity of circumstance of 
potential retrofits, and the commencement of the technology transfer efforts only after the field 
demonstration was complete.  
 
All retrofits are unique. Every multizone has its own history of maintenance and modifications, 
and specific physical configuration and access constraints of the building layout. The developed 
tools do not provide the full scope of insights needed for any particular application; local 
engineering judgment is still needed for success. 
 
The extrapolated savings is based on a sample of five field demonstrations. No locations have 
comparable data sets for expansion of a performance data base. Metering energy flows is costly 
and time consuming. 
 
The project did not complete design or secure funding for potential users. Those steps remain for 
the user to address. 
 
The project was planned for a shorter than ideal duration. No budget was planned for on-going 
support. Implementation takes significant time in government facilities. The full impact of these 
efforts is not yet apparent.  
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3.0 TECHNICAL TRANSFER PERFORMANCE  

This effort goes a long way toward moving the technology to a more mature state and adoption. 
It gets the word out, helps people understand the implications of the change, and provides the 
documentation and support products for the implementation, verification, and maintenance of the 
retrofit. 

3.1 SUMMARY OF PERFORMANCE OBJECTIVES AND ATAINMENT 

A summary of the project performance objective and their attainment status is provided in 
Error! Reference source not found.Error! Reference source not found.. All objectives were 
met. 
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Table 3: Technical Transfer Project Performance Objectives 

Performance 
Objective 

Metric Data Requirements Success Criteria Results 

Quantitative Performance Objectives 

TT Scope 
Development 

Updated tasks and 
budget numbers 

Input from a 10-15 
% sampling of 
potential users. This 
equates to 4-5 energy 
managers. 

 
60% satisfaction 
rating (score ≥ 3 out 
of 5), or actionable 
scope adjustment 
action items.  
                                

 
Avg 97% 
satisfaction 
score=4.8/5 
 
 
MET 

Reach out to 
Interested 
Parties 

Satisfaction of Potential 
Users based on product 
technical content and 
ease of use 

Feedback from 10% 
of the 43 interested 
users (4-5 users).  

 
Responses from ≥ 
10%, ≥50% (score 
of 2.5 out of 5) 
satisfaction from 
respondents. 
                                

 
7 respondents 
Avg 90% 
satisfaction 
score=4.5/5 
 
MET 

Qualitative Performance Objectives 

Develop 
Technical 
Description 
Documents 

Acceptable/Unacceptable 

Input from two 
potential users 
(energy mangers) for 
accessibility. 

 
Acceptable review, 
or action items to 
make document 
acceptable.  
Publishing on 
appropriate 
website.   
                                 

 
 
 
 
 
 
 
MET 

Develop 
Procurement 
Package 

Acceptable/Unacceptable 

Input from two 
controls experts, one 
with intimate 
understanding of the 
project, and one new 
to the technology. 

 
Acceptable review, 
or action items to 
make documents 
acceptable.  
Publishing on 
appropriate 
website.   
                                 

 
   
 
 
 
 
MET 

Develop 
Decision and 
Operations 
Support 
Tools 

Acceptable/Unacceptable 
Input from two 
interested energy 
managers 

 
Acceptable review, 
or action items to 
make 
tools/documentation 
acceptable. 
                                 

 
   
 
 
 
MET 

Compose 
Journal 
Articles 

Acceptable/Unacceptable 

Assigned peer 
reviews. 
Acceptance/rejection 
and recommended 
changes/clarifications 

 
Acceptance of peer 
reviewed article for 
publication by 
esteemed global 
professional 
association in 
HVAC. 
                                 

 
   
 
 
 
 
MET 
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3.2 PROJECT PERFORMANCE OBJECTIVES DESCRIPTIONS   

As was shown in Error! Reference source not found. above, there are six performance 
objectives for this technical transfer that are a mixture of quantitative and qualitative metrics. 
These performance objectives are described in detail in the following sub-paragraphs.  

 

3.2.1 Technology Transfer Scope Development  
Purpose: Review proposed tools and documentation with potential users, and adjust scope based 
on feedback to produce meaningful assistance to potential users. The proposed tools and 
documentation to be reviewed are the following: 

 Fact Sheet 
 Technical Note 
 Field Scoping Guide 
 Spreadsheet Estimator  
 Procurement Support Tools (Design Guide, Specifications, Drawings, Sequence of 

Operation, Points & PWS Contracting Language) 
 Commissioning Guidance  

 

Metric: The metric is a usefulness rating. 

Data:  Interview/survey data is required to evaluate the proposed scope of work. 

Analytical Methodology: Collect perspectives through interviews or surveys with energy 
managers and other potential users from military installations.  Items under review will be given 
a 1-5 rating from each participant. 

Success Criteria: 60% satisfaction rating, or actionable scope adjustment action items. 
CRITERIA MET. 

 

3.2.2 Develop Technical Description Documents  

Purpose: Gather feedback on technical description documents including the posters, technical 
note, fact sheet and pitch briefing. 

Metric: The metric is a binary acceptability rating, acceptable or unacceptable. 

Data:  Review rating from two potential users.  

Analytical Methodology: Gather perspectives and document reviews from potential users.  
Reviewed documents will be given an acceptable or unacceptable rating from each participant. 
Document will be revised until acceptable rating is achieved. 

Success Criteria:  Acceptable review, or action items to make documents acceptable.  
Publishing on appropriate website. CRITERIA MET. 
 

3.2.3 Develop Procurement Package  

Purpose: Gather feedback on developed Design Guide, Drawings, and Specification Templates, 
and sample contracting language for contracting out the retrofit.   
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Metric: The metric is a binary acceptability rating, acceptable or unacceptable. 

Data:  Review rating from two controls experts, one with intimate understanding of the project, 
and one new to the technology.  

Analytical Methodology: Gather perspectives and document reviews from controls experts.  
Reviewed documents will be given an acceptable or unacceptable rating from each participant. 
Document will be revised until acceptable rating is achieved. 

Success Criteria:  Acceptable review, or action items to make documents acceptable.  
Publishing on appropriate website. CRITERIA MET. 

3.2.4 Develop Decision & Operations Support Tools  

Purpose: Gather feedback on developed Decision & Implementation Support Tools.  Support 
tools for review include: 

 Field scoping guide for use by energy managers of building operators to assess the 
operational status of their facilities and readiness for retrofit.  

 Spreadsheet calculator to allow facilities personnel to review their particular 
circumstances for viability.  

 Commissioning guidance.  

Metric: The metric is a binary acceptability rating, acceptable or unacceptable. 

Data:  Review rating from two interested parties.  

Analytical Methodology: Gather perspectives and document reviews from potential users.  
Reviewed documents/tools will be given an acceptable or unacceptable rating from each 
participant. Document will be revised until acceptable rating is achieved. 

Success Criteria:  Acceptable review, or action items to make documents/tools acceptable.  
Publishing on appropriate website. CRITERIA MET. 

3.2.5 Compose Journal Articles  

Purpose: As part of the communication of the technical transfer package, publish an article in a 
journal of a professional association in HVAC such as ASHRAE Journal.  Additionally, the team 
will reach out to service journals as to expand impact.  

Metric: The metric is a binary acceptability rating, acceptable or unacceptable. 

Data:  Acceptance by journal.   

Analytical Methodology: Peer reviewed article process. Address concerns and 
recommendations of reviewers. 

Success Criteria:  Acceptable review, with publication. CRITERIA MET. 

3.2.6 Reach out to interested parties  

Purpose: As part of the communication of the technical transfer package, reach out to interested 
parties for review and feedback.   

Metric: Satisfaction of Potential Users based on technical content and ease of use. 

Data:  Survey results.  



58 
 

Analytical Methodology: Input from a sampling of potential users. 

Success Criteria:  Greater than 10% response, greater than 60% satisfaction from respondents. 
CRITERIA MET. 

3.3 TECHNOLOGY TRANSFER FEEDBACK 

The project team determined the performance of the project through reviews by technical 
experts, and interviews and surveys with potential users of the implementation tools.  The 
success of technology transfer depends on the accuracy and pertinence of the developed products 
and their accessibility and ease of use to stakeholders with varying technical knowledge. 

There were emails, interviews and surveys with DoD stakeholders who were identified in the 
original demonstration project as well as well as newly identified interested parties to introduce 
the technology and implementation support tools and receive feedback.  

Interactions reviewed the technology transfer products and asked for feedback on the utility of 
the products, how much they could facilitate their execution of the MZ to VV conversion, and 
what additional implementation support is desired.   

The feedback from facility administrators and energy management staff at military installations 
on the implementation support tools is provided in Table 4. Reviewers were asked if they had 
looked at and used the tools, and their opinions on the quality and applicability of the individual 
tools by rating them between 1 and 5, with 5 being the highest score. Of those that responded, 6 
of 7 had looked at the tools, one has already put them into use. The predominant opinion on the 
tools was that they are great. The overall average rating received was 4.5 of 5 or 90% of potential 
high score. One reviewer remarked that they thought the single slide Pitch Briefing would be the 
most important tool in the whole package to obtain buy-in and get funding with its short, sweet, 
and to the point presentation of essential ideas. 
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Table 4: Post Product Release Review 

 
Reviewer 

       1 

Reviewer 

        2 

Reviewer  

      3 

Reviewer 

      4 

Reviewer 

      5 

Reviewer 

      6 

Reviewer 

       7 
Average 

Fact Sheet Looked at 
Used, great, 
5 

Looked at, 
great, 5 

Looked at, 
great, 5  

Looked at, 
OK, 3 

- Looked at 4.5=90% 

Technical 
Note 

Looked at 
Used, great, 
5 

Looked at, 
great, 5 

Looked at, 
great, 5 

Looked at, 
OK, 3 

- Looked at 4.3=86% 

Savings 
Estimator 

Looked at 
Used, great, 
5 

Looked at, 
great, 5 

Looked at, 
great, 5 

Looked at - Looked at 5=100% 

Pitch 
Briefing 

Looked at 
Looked at, 
great, 5 

Looked at, 
great, 5 
Most 
useful 
tool! 

Looked at, 
great, 5 

Looked at, 
OK, 3 

- Looked at 4.3 =86% 

Scoping 
Guide 

Looked at 
Used, great, 
5 

Looked at, 
great, 5 

Looked at, 
great, 5 

Looked at, 
OK, 3 

- Looked at 4.3= 86% 

Procurement 
Package 
Templates 

Looked at 
Used, great, 
5 

Looked at, 
great, 5 

Looked at, 
great, 5 

Looked at, 
OK, 3 

- Looked at 4.3=86% 

Cx Guide Looked at 
Used, great, 
5 

Looked at, 
great, 5 

Looked at, 
great, 5 

Looked at, 
OK, 3 

- Looked at 4.3=86% 

   

Table 5 presents the responses of the reviewers regarding the multizone equipment at their 
installation, their perceived overall usefulness of the suite of implementation tools, the merits of 
the retrofit, their implementation status, and plans.    

The quantity of multizones reported was about 40 units per site, with them all being conventional 
(hot deck/cold deck) units. The repair needs of these units was described as minor to moderate.  
The type of controls of the units is predominately DDC with one location reporting a mixture of 
both DDC and pneumatic controls. The perceived usefulness of the implementation support tools 
was strong, with an average score 3.6 of 4 or 90% of the highest rating. The perceived merits of 
the retrofit ranged from OK (3 points) to great (5 points), with an average score of 3.8 of 5 or 
77% of the highest rating.  Five of six of the respondents (83%) state that they plan to continue to 
investigate the retrofit.  Regarding their stage of implementation of the retrofit, five reported that 
they are interested in investigating. Of the remaining two respondents, one stated that they are in 
the familiarization and socializing stages, the other reported that they are seeking funding. When 
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responding to the question regarding what they need to proceed with implementation, the most 
common response was funding, additionally time to investigate and leadership approval were 
also mentioned. Three respondents reporting expectation or plan to seek third party financing 
with ESPCs or UESCs, two reported expecting to seek ERCIP funds, and two reported expecting 
to seeking SRM funds.  
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Table 5: Post Product Release Survey/Interview 

 Reviewer-1 Reviewer-2 Reviewer-3 Reviewer-4 Reviewer-5 Reviewer-6 Reviewer-7 
Average 
/Summary 

Number of 
Units 

41-50 Conv  91-100 Conv 11-20 Conv 31-40 Conv Not sure Not sure 5 conv 38/site 

Repair Needs Minor  Minor  Moderate  Don’t know - - moderate Minor-moderate 

Type of 
Control 

DDC DDC 
Mix of DDC & 
pneumatic 

DDC -  Don’t know DDC 

Perceived 
usefulness of 
tools 

Some help 

3 

Significant help 

4 

Significant help 

4 

Significant help 

4 

Some help 

3 
  3.6/4 = 90% 

Perceived 
merits of 
retrofit 

OK. Fan savings 
looks promising. 
Already shut off 
decks seasonally. 

3 

Great. I propose retrofits 
in energy audits when 
applicable. 
5 

Great. 

5 

Good 

4 

OK, 

3 

OK 

3 

Good 

4 
3.8/5 = 77% 

Will you 
continue to 
investigate? 

yes yes yes yes no - yes 
5/6-83% yes,  

1/6=17% no 

Stage of use Interested Seeking Funding 
Familiarization, 
Socializing 

Interested Interested Interested Interested 
5 interested,  

2 farther along 

What do you 
need? 

 Funding 

Time to 
investigate, 
funding. 

Leadership 
approval, funding 

- - - Funding, time, approval 

How to fund? 

SRM 

(ERCIP tends to 
fund micro-grids) 

ERCIP, ESPC, UESC 
SRM, ESPC, 
UESC 

ERCIP, ESPC, 
UESC 

- - - 
ESPC/UESC-3 

ERCIP/SRM -2 
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The project met all performance objectives by obtaining acceptable review and constructive 
feedback from pertinent reviewers throughout the process of scope development, composition of 
technical description documents, development of the procurement support package, creation of 
decision and operations support tools, authoring journal articles, giving presentations and 
training, and conducting outreach to interested parties.   

 
Each presentation, article published, call, email and posting resulted in new interest in the 
technology and the implementation documents and tools, and new collaborators to review the 
products. As of the publication of this report: 

 Many people asked to be notified when the suite of implementation tools was published.  
 The WBDG document suite webpage has had over 450 visitors and ~400 downloads of 

project related documents, the social media postings had over 9K combined views, and 
60 combined positive reactions.  

 One attendee at the ESTCP symposium asked if they could have this process applied to 
other technologies to foster implementation.   

 One installation had about a half dozen staff attend a training presentation.  
 One USACE PROSPECT course instructor plans to cover the technology and tools in the 

PROSPECT 327 HVAC Commissioning course. They were provided PowerPoint slides 
to support this.  

 One HVAC Consultant reported that they used the estimator as a preliminary scoping 
tool and the basis of recommended retrofit of thirteen government multizone units.  

 One IMCOM supervisor for eleven installations sent the fact sheet and document suite 
link to all their installations asking for a preliminary feasibility screening at sites with 
multizones.  

 One NAVFAC supervisor asked for a group webmeeting to review the project with 
potential implementors, and a quadchart technology summary to post on their technical 
innovation SharePoint.  

 The BCxA presentation provided scoring by 31 participants and received a 4.7/5.0 
overall average score.  

 A college professor attendee at the BCxA remarked that this is` an excellent technology 
to apply during retrocommissioning of existing buildings to optimize energy 
performance. 

 GSA asked for a meeting to review the retrofit process 
 A utility company efficiency program service provider plans to use the tools. 

 
Numerous enthusiastic reviews were received including the following: 
 
“I just wanted to say how cool this [project] is. I think it is a really good model for how to build 
resources that provide a practical way for folks to do some good out there. This is so well 
done. Thanks for all your efforts on it.” 
 
“Wow, more than I expected, great job and looking forward to using the tool[s]!” 
 
“Excellent presentation with details of the multizone AHU retrofit, controls strategies, energy 
and cost savings, and a link to additional resources that anyone can use for future retrofits.” 
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“Great discussion about the potential energy savings. Valuable insight with the experimental 
data collected!” 
 
“Good data and example retrofit options with valuable savings possibilities.” 
 
“This presentation was excellent! I have an application currently where the solutions presented 
would have been a much more viable interim solution than what the designers have 
implemented.  I look forward to exploring this more on the website. I am looking forward to 
reviewing this presentation once again when available on demand.” 
 
“I have used the Estimator to analyze 13 MZAHUs for a Municipal Transit Authority. I found the 
[savings estimator] workbook quite easy to use and the documentation well prepared.” 
 
“Seems like a great solution for equipment that it’s either cost prohibitive to replace and/or the 
equipment is still in good condition, and it would seem wasteful to rip it out and replace it.” 
 
“I was there for your presentation and really enjoyed it. In particular, I thought the kit you folks 
put together to help others assess the possibility and then implement and commission the 
improvement is really cool. The industry really needs more of that for sure.” 
 
“The air handler control retrofit looks like a promising way to save energy dollars.” 
 
“The tools are everything needed to put together and manage a retrofit project.” 
 
“These tools are really great! Very helpful for developing energy projects 
for our multizone systems.” 
 
“I propose retrofits in energy audits when applicable.” 
 
By all accounts, the assorted feedback on the project was very positive and hopeful regarding 
implementing the variable volume retrofit, with many stating interest in continuing to explore 
and several taking action to proceed. 
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4.0 COST ASSESSMENT 

The cost assessment of this technology transfer project is a review of the cost benefit of 
conducting this work. The objective of this project is to further the adoption of the multizone 
variable volume retrofit technology that was previously demonstrated in an earlier ESTCP 
project. The cost of the current project is given with a cost breakout by task. A discussion of the 
value added by the technology transfer effort is provided along with observations on the relative 
cost.    

4.1 COST ESTIMATE  

This technology transfer project cost $310K. The estimate for the project labor and costs broken 
out by tasks is given in  

Task Labor Hours Cost % Cost 

P
ro

d
u

ct
  

D
ev

el
op

m
en

t 

Scope Development 25 $         3,200 1% 

Technical Description 
Documents (Posters, Technical 
Note, Fact Sheet, Pitch Briefing) 

175 $     30,000 10% 

Decision Support: Field 
Scoping Guide 

115 $     18,000 6% 

Decision Support: Estimator 250 $     40,000 13% 

Procurement Support (Design 
Guide, Contacting Templates) 

180 $     26,000 8% 

Operations Support 
(Commissioning Guide) 

80 $     14,000 5% 

QC of Product Suite 120 $     20,000 6% 

     

O
u

tr
ea

ch
 

Presentations & Training (7) 240 $     40,000 13% 

Articles (4) 170 $     28,500 9% 

Contacting Users, Posting 280 $     45,000 15% 

Report Prep 85 $     13,300 4% 

M
gt

 

Project Management 180 $     32,000 10% 

 Total 1900 $    310,000 100% 

Table 6.  
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It is estimated that the project team spent about half, 49%, of the project funds on developing the 
documents and tools previously described.  Development tasks included interviewing potential 
users to adjust the scope of the project to their needs; composing, checking, and improving 
products; acquiring and incorporating reviewer feedback; and a quality control review of the 
implementation support suite. Team members visited two demonstration sites to view how the 
original demonstrations are operating and to interview stakeholders on the operation. There were 
limited expenses for travel and printing.  
  
The outreach process of this project is estimated to have cost about 41% of the funding and 
included presenting to technical conferences, writing technical articles, producing on-line 
training, reaching out to interested parties, providing potential users with implementation 
insights, and coordinating the posting of documents for public use. The project management is 
estimated to have cost about 10% of the funding. 
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Table 6:Task Labor and Cost Breakdown Estimate 

Task Labor Hours Cost % Cost 

P
ro

d
u

ct
  

D
ev

el
op

m
en

t 

Scope Development 25 $         3,200 1% 

Technical Description 
Documents (Posters, Technical 
Note, Fact Sheet, Pitch Briefing) 

175 $     30,000 10% 

Decision Support: Field 
Scoping Guide 

115 $     18,000 6% 

Decision Support: Estimator 250 $     40,000 13% 

Procurement Support (Design 
Guide, Contacting Templates) 

180 $     26,000 8% 

Operations Support 
(Commissioning Guide) 

80 $     14,000 5% 

QC of Product Suite 120 $     20,000 6% 

     

O
u

tr
ea

ch
 

Presentations & Training (7) 240 $     40,000 13% 

Articles (4) 170 $     28,500 9% 

Contacting Users, Posting 280 $     45,000 15% 

Report Prep 85 $     13,300 4% 

M
gt

 

Project Management 180 $     32,000 10% 

 Total 1900 $    310,000 100% 

4.2 COST ANALYSIS AND COMPARISON 

The previous project conducted a technology demonstration test of five systems and produced a 
detailed technical report that showed significant technical merit of the retrofit but with mixed 
economic returns. The previous project also initiated many technical transfer efforts. It began 
development of technical transfer documents but did not vet them with potential users. It began 
identification of interested parties but was not able to offer implementation support. For context 
of the relative cost observation below, the technology development and field demonstration 
project cost $1,564K.  

The current technology transfer work picks up where the last project left off. The demonstration 
project output was refined and augmented. The improved and expanded implementation support 
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tools were vetted with industry experts and potential users. Multifaceted outreach to prospective 
implementers was conducted. 

This technology transfer effort provides many benefits for the DoD and for installing contractors. 
A major value added by the technology transfer project is development of estimates of the 
typical economic impact of the retrofit which are very favorable. This is an insight not sought by 
the field demonstration effort. The technology transfer effort also established the means for 
applying the experimentally derived savings of the field demonstration to the specific 
circumstance of potential users. Further, its standard approach and tools for implementation 
provides cost savings to the installation and its contractors in the process of applying the 
technology and increases the likelihood of quality retrofit execution and successful operation. 
The outreach was very well received, and many people are taking action to implement the retrofit 
with investigations, feasibility screenings, proposals, and search for funding. These are 
implementation actions that took place because of the dedicated technology transfer of this 
project beyond what the demonstration project was able to accomplish. 
 
To assess the relative cost of the technology transfer, two ratios are calculated, the technology 
transfer cost relative to the initial demonstration efforts, and the technology transfer cost relative 
to the annual energy savings.  
 
The technology transfer effort costs 20% of the cost of the field demonstration 
($310K/$1,564K=20% or 0.2 times the cost of the demonstration). To put this percentage into 
perspective, a related metric of comparison provided by the US Department of Commerce, 
Economic Development Administration (EDA) is that “commercialization costs between 10 and 
100 times the cost of development and demonstration of a new technology” (EDA 2003, U.S. 
Department of Commerce, EDA. 2003. Technology Transfer and Commercialization: Their Role 
in Economic Development.) Here commercialization refers to the movement of an idea from the 
laboratory to the commercial market and creating value with it. This project did not require 
manufacture of equipment since the equipment is off the shelf. This fact reduces both the 
demonstration cost and the commercialization cost. This project has circumstances that reduce 
commercialization costs. It does not require management of intellectual property rights as its 
design has been published without qualification and is in the public domain. It does not attempt 
to put in place service providers.  However, significant commercialization has been 
accomplished as significant financial value is added for both the implementer and the installer 
and risk is reduced for both by the decreased cost of project development resulting from 
thoroughly considered methods. In comparison to typical commercialization costs, the 
technology transfer cost is minimal. 
 
The annual cost savings potential for the DoD due to the decreased energy use of the variable 
volume retrofit was estimated at $15,000K/yr agency-wide by the previous field demonstration 
project. The current technology transfer effort costs a fraction (2%) of one year of this potential 
savings that is expected to accrue as a benefit each year for the anticipated life of the retrofits 
($310K/$15,000K =2%). Again, this minimal investment provides substantial benefit. 
 
Based on the comparison of the cost of this technology transfer project to both typical 
commercialization costs and the quantitative and qualitative benefits accrued, the investment to 
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support retrofit implementation is very reasonable and impactful. This effort positions the DoD 
for significant facility efficiency success.   
 

5.0 IMPLEMENTATION ISSUES 

The project team had its share of implementation issues, but they were all resolved satisfactorily. 
 
The COVID pandemic, with its resulting travel restrictions and unoccupied buildings with 
remote workforce, changed the nature of the planned interactions with people and equipment. 
Instead of being a field intensive effort, with significant time in mechanical rooms, the team 
adapted to primarily virtual meetings, photos and videos of equipment, and heavy reliance on 
former field experience of the team members. This reduced the incidental discoveries that occur 
while viewing equipment in action in the context of its full system, as well as the fortuitous 
brainstorming that occurs with person-to-person interactions. It also limited the opportunity to 
mentor more junior staff in field operation. The pandemic also pulled team staff away in the 
early months to support the USACE response with recommendations on Alternate Care Sites. 
During the second year of the pandemic the team was able to visit the local demonstration site, 
converse with the equipment operators, and test the performance of equipment, but the overall 
extent of travel was less than the multiple sites that had been anticipated. The pandemic also 
resulted in cancellation of the team’s first scheduled presentation at Energy Exchange, and a 
switch to a virtual presentation at the following year’s conference. An adaptive, innovative team 
spirit met these challenges with resolve and succeeded in producing quality products. 
 
The many collaborators required accommodations to their schedules, and this stretched out the 
project timelines. The benefits of multiple perspective were well worth the time. 
 
After multiple attempts to use the demonstration data to model a typical multizone system, the 
project team realized that the former demonstration team was not asking the same questions as 
the current implementation team.  The demonstration team calculated the energy and cost impact 
of the technology alone. It did not attempt to capture a typical annual multizone energy use by 
building type. Further, the demonstration was conducted at sites that were readily available and 
cooperative, not the most typical, average sites. Extrapolation of field data was required to apply 
the experimental results to other potential sites for implementation. The resulting length of time 
to develop a rigorous estimator was far longer than anticipated but resulted in a very adaptive 
estimating platform.  
 
The ASHRAE Journal article peer review process was quite thorough and required significant 
time to address the many questions and recommendations of the multiple reviewers including a 
patent review of similar technologies. The end product, after a year and a half of effort, was a 
detailed and comprehensive review of the original technology and the technology transfer effort. 
The extended length, feature article will remain accessible and searchable through this 
established and esteemed organization for years to come. 
 
The final suite of implementation support documents consisted of 47 documents produced and 
refined over the course of two and a half years. The on-going, often parallel review from internal 
team members, outside collaborators, and feedback from people who saw the multiple 
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presentations and articles, led to considerable evolution of thought regarding the best way to 
describe and represent the work, and challenges with versioning control of these inter-related 
documents. Careful, meticulous review of documents with cataloging of issues, impacted 
documents and resolution status led to an integrated, harmonized suite of resources. 
 
The interested parties that were identified in the demonstration project have changed. The 
identification of current people in the energy manager roles at specific installations was time 
consuming and required multiple avenues of approach. Methods included reaching out to all 
business contacts, obtaining Army energy manager lists from AWERS, web searches of 
organizations and installations for contact information, and connecting with many people on 
LinkedIn in the Navy and Air Force to find someone with the needed personnel information. 

 
 

6.0 CONCLUSION 

This technology transfer effort is a significant step toward reaping the benefits of a field proven 
technology in the DoD. The work made the field demonstrated technology accessible to potential 
implementers that have limited time, budget, or detailed knowledge of controls. The developed 
full-spectrum implementation tools support a potential user through entire process of evaluating, 
implementing, and using the technology. The application of the experimentally determined 
energy improvement on typical buildings showed expected paybacks of 3-5 yrs. The multi-
faceted outreach efforts have been well received by DoD, industry, and academia. Many people 
have received and reviewed the documents and tools, and several are taking action. Some have 
used or plan to use the Savings Estimator. Others have initiated feasibility review or are in the 
process of socializing the retrofit or seeking funding. The MZ-VV technology is a cost-effective 
interim solution to accrue savings and meet energy reductions goals. The overall process of 
product implementation support that off loads the end user as much as possible can be a model 
for promoting other promising technologies. 
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Westervelt, E., Battisti, C., Morton, B., and D. Schwenk, Feb 2021. Multizone Air Handler 
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2022. Multizone to Variable Volume HVAC Controls Retrofit – Design and Implementation 
Suite. Whole Building Design Guide, https://www.wbdg.org/ffc/army-coe/design-guides.  
 
This 47‐document suite includes: 

01- Multizone to Variable Volume Overview Fact Sheet 
02- Multizone to Variable Volume Technical Note 
03- Multizone to Variable Volume Savings Estimator 

04- Multizone to Variable Volume Pitch Briefing 
05- Multizone to Variable Volume Scoping Guide 
06- Multizone to Variable Volume Design Guide with Performance Work Statement, Specifications Book, 
and Sequences of Operation 
07- Multizone to Variable Volume Points Schedules 
08.1- Multizone to Variable Volume Bypass Unit Controls Drawings  
08.2- Multizone to Variable Volume Conventional Unit Controls Drawings  
08.3- Multizone to Variable Volume Neutral Deck Unit Controls Drawings  
09- Multizone to Variable Volume Commissioning Guide 
10.1- Multizone to Variable Volume Bypass Unit AutoCAD Drawings (12 files) 
10.2- Multizone to Variable Volume Conventional Unit AutoCAD Drawings (12 files) 
10.3- Multizone to Variable Volume Neutral Deck Unit AutoCAD Drawings (12 files) 

 

Westervelt, E., Bush, J., and D. Schwenk, September 2022. Exploring a Multizone to Variable 
Volume HVAC Controls Retrofit. ASHRAE Journal, Vol. 64, No. 9 pgs. 32-47.  
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APPENDIX A: POINTS OF CONTACT 

 
Table 7: Points of Contact 

Point of Contact Organization Phone & E-mail Role in Project 
Eileen 

Westervelt 
ERDC-CERL 

(217) 373-6756, 
Eileen.T.Westervelt@usace.army.mil 

Principal 
Investigator 

Joseph Bush ERDC-CERL 
(217) 373-4433 

Joseph.Bush@usace.army.mil 
Co-Principal 
Investigator 

Chris Battisti ERDC-CERL 
(217) 373-3345, 

Christopher.M.Battisti@usace.army.mil 
Co- Principal 
Investigator 

    
 


