
 
 

Egg Farmers of Ontario 51st Annual Meeting Agenda 
Wednesday, March 30, 2016 

11:00 am Pullet Growers’ Meeting & Director Election ~ Grand Hall E 
 

12:00 pm Buffet Lunch   

 Registration  

1:00 pm Welcome Farmers, Industry & Guests ~ Grand Hall CD  

 51st Annual Meeting Call to Order & Agenda Approval Scott Graham, Chair 

 Chair’s Address  

 Confirmation of 50th Annual Meeting Minutes  

 Auditor’s Report Bruce Robinson, RLB LLP 

 Egg Farmers of Canada Report Peter Clarke, EFC Chair 

 EFO’s Pullet Report Andy DeWeerd, Pullet Director 

 Pullet Growers of Canada Report Andy DeWeerd, PGC Chair 

 Energy Break   

 A View From Outside The Hen House Steve Dolk, York University  
Research Graduate Assistant 

 Ontario Farm Products Marketing Commission Geri Kamenz, Chair, OFPMC 

 Coalition for Sustainable Egg Supply Report Charlie Arnot, The Center for Food Integrity 

 Adjournment  

 [Closed] EFO’s Board of Directors’ Election of its Executive Committee  

5:00 pm Cocktail Hour  

6:00 pm 

 

Chair’s Reception & Dinner Eggs-travaganza  
~Announcement of Executive Committee Election Results 

Host Bar Compliments of Sponsors (9:00 pm to midnight) 

 

Thursday, March 31, 2016 

7:30 am Hot Buffet Breakfast 
 

9:00 am Meeting Call to Order Scott Helps, Vice Chair 

 Farm & Food Care Canada Crystal Mackay, CEO 

 Poultry Industry Council Keith Robbins, Executive Director 

 Livestock Research Innovation Corporation Tim Nelson, CEO 

 EFO’s Public Affairs Report Bill Mitchell 

 Energy Break  

 Consumers Choice in the Canadian Marketplace Strategy Charlie Arnot, The Center for Food Integrity 

 Open Session & Other Business  

 Closing Remarks & Adjournment Scott Graham 

 Buffet Lunch  
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Egg Farmers of Ontario [EFO] March 31 & April 1, 2015 Proceedings 
Niagara Fallsview Casino Resort 

Tuesday, March 31, 2015 
 
Call to Order 
Egg Farmers of Ontario’s Annual Meeting was called to order at 9:15 a.m. by EFO’s Chair, Scott Graham.  
 
“RESPECTING OUR PAST” SESSION 
 
Egg Farmers of Ontario 50th Anniversary Commemorative Book and Video 
In celebration of this auspicious occasion, EFO showcased Ontario’s past and present farmers and industry, and is proud 
to present EFO’s 50th Anniversary Commemorative Book & Video. EFO’s Chair Scott Graham presented a plaque to the 
cover photo family, the Metcalf’s, and to Farm Boy Productions in acknowledgement of their efforts. 
 
When the Sun, Moon & Stars Aligned 
A panel of legal experts discussed the origins of the legislation which allows our system to operate at the provincial and 
federal levels as well as the economic and political environment at the time. The panel was led by moderator Gordon 
Hunter and consisted of Herman Turkstra, Ontario; Rob Wilson, Ontario; Tom Dooley, Manitoba; Pierre Brosseau, 
Quebec; and David Wilson, National [EFC]. 
 
The Early Years 
Brian Ellsworth, former General Manager of Egg Farmers of Ontario, provided highlights and challenges from the early 
years; 1970 to 2003. 
 
A Chair’s Point of View 
Scott Graham introduced the Past Chairs of Egg Farmers of Ontario - Bill Scott, Gerald Morden, Henry Koop, and 
Carolynne Griffith - who presented their perspectives on accomplishments, challenges and opportunities during their 
Term of Office.  
 
EFO’s Chair Scott Graham concluded the morning session stating, “It’s a real honour to be the present Chair of this 
organization. It’s great to be up here with the people who have lead us through the better part of 50 years and helped 
us arrive to where we are today. I think the state of the industry is very good; everybody should be very happy where we 
are, as egg producers.  As your present Chair, I’m really proud of everybody who is involved: our producers; industries 
that support us; governments that support us; and everybody along the way. Thank you very much.” 
 
“EMBRACING THE PRESENT” SESSION 

 
The afternoon session was called to order at 1:30 pm by EFO’s Vice Chair, Roger Pelissero.  
 
Confirmation of Forty-Ninth Annual Meeting Minutes/Highlights 
Upon a motion duly received and seconded 
THAT the highlights of the 49th Annual General Meeting of Egg Farmers of Ontario are accepted as printed 
Motion Carried 
 
Auditor’s Report 
Bruce Robinson from the accounting firm of RLB LLP reported on the Egg Farmers of Ontario’s 2014 balance sheet, 
statements of operation, accumulated surplus, administrative expenses and changes in the Board’s financial position.  
 
The Vice Chair announced the appointment of RLB LLP as Egg Farmers of Ontario’s auditors for the succeeding year; 
2015. 
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Chair’s Address 
On behalf of the Board of Directors and Staff, the Chair welcomed everyone in our industry: quota holders, industry, 
government representatives, and guests to the 50th annual meeting of Egg Farmers of Ontario.  
 
There are times in the lives of people, and organizations like Egg Farmers of Ontario, when you know you are 
experiencing a truly historic milestone. This 50th annual meeting is one such occasion and it is with real pride today that I 
deliver the Chair’s address. 
 
In keeping with the three-part slogan of our 50th anniversary, we spent this morning's session "Respecting the Past”, and 
hope everyone found the look back enjoyable; thank you to everyone who contributed to the session.  
 
EFO’s 50th anniversary commemorative book combines a record of the history of our business and, more importantly, of 
the egg and pullet farm families involved across Ontario. It is something we can be proud of and able to enjoy in years to 
come.  
 
This address is part of the second element of our anniversary slogan "Embracing the Present”, the formal business 
portion of the meeting. 
 
In reviewing our Annual Report, you can see that we did not rest on our laurels in our 50th year; progress was made on a 
number of fronts in 2014. Four specific areas of activity included: the launch of EFO’s Quota Transfer System (QTS); 
efforts to resolve market allocations; steps to rollout a national Animal Care Program; and, positive action towards 
remunerating pullet growers through a consistent growing fee across Ontario and Quebec. 
 
Initiating the QTS was a landmark decision. This transfer system has accomplished our goals of accessibility and 
transparency and has moved quota between buyers and sellers with no strings attached – all while stabilizing market 
price. With four successful auctions to date, we hope 2015 will bring more of the same. We made a commitment to our 
farmers that we would review the QTS and we will do so during 2015. 
 
The timely approval of allocations from Egg Farmers of Canada (EFC) continues to be concerning. We will continue to 
discuss how to better supply our market. It is imperative to develop a strategy that puts a substantial number of birds 
into the system. The simple question needs to be asked, “How can we manage our system better?” I believe the answer 
lies in all provincial boards and EFC, and our provincial supervisory bodies and our national supervisory body, working 
cooperatively to make the changes necessary to give our marketing system the ability to more quickly meet changes in 
consumer demand with domestic egg supplies now and in the future. That will give us the allocation system that will 
serve consumers with the Canadian eggs they want. 
 
The coming year will see the rollout of a national Animal Care Program. Farmers will have revised guidelines to follow 
and will have third-party audits as the new reality. We need to promote “camera ready” barns in a supportive manner. 
Collectively we will continue to raise the bar. 
 
When we closed the books on 2014, we felt we were on the threshold of remunerating pullet growers in a fair and 
equitable manner. Since then, as we have announced through The Cackler, we have been successful in working 
cooperatively with Quebec in the establishment of a consistent growing fee that will enable pullet growers to better 
achieve their cost of production. This is an historic change and crucial to the prosperity of pullet growers. This is not the 
end of a process but it is an important step forward and Pullet Growers of Canada and the provincial Boards will 
continue working towards developing a ‘National Marketing Plan for Pullets’. 
 
The Chair concluded his Address by thanking the donor companies and individuals who contributed to the success of 
EFO’s golden anniversary celebrations; including the displays in the memorabilia room, the evening banquet and 
tomorrow’s "Building the Future" session.  
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Egg Farmers of Ontario’s ‘Get Cracking’ Awards 
Roger Pelissero acknowledged the Ontario egg and pullet farm families who have been in continuous operation for 50 
years and announced they will be receiving Egg Farmers of Ontario’s Get Cracking Award. 
 
50th Anniversary Sponsors 
Roger Pelissero graciously acknowledged support from the all the sponsors of Egg Farmers of Ontario’s 50th Anniversary.  
 
General Manager’s Comments 
Harry Pelissero began his comments with a snapshot of what Egg Farmers of Ontario accomplished through 2014, as 
highlighted in the Annual Report. 
 
Directing attention to and providing highlights of Judge Ross’ Report, which was included in the annual meeting 
portfolio, Mr. Pelissero noted that the Report provides a better understanding of what the egg industry looked like in 
1972 and what led to the Report; putting into context some of the comments from the morning panel. Mr. Pelissero 
thanked the past and present Directors and staff for their passion and commitment to the egg industry.  
 
Tell your story, the General Manager encouraged: join a chamber of commerce; join a political party; and, remind 
people of the role you play in your various communities. Whether it’s in the classroom, at a fall fair, or on vacation, 
telling your story is going to ensure some success for the future. Have the conversation but change the dialogue. The 
term ‘fair farm pricing’ is more widely understood than ‘supply management’. Pose the question, do you think farmers 
should be adequately rewarded for the work they do? We limit the production only to what people are going to eat, so 
we don’t over produce. Change the dialogue regarding animal care; the original animal ‘welfarists’ are you the farmers - 
you have the birds’ best interest at heart. There is a distinction between animal welfare and animal activism. It has to be 
about consumer choice, as long as they are prepared to pay for it, emphasized Mr. Pelissero.  
 
The legal panel’s message is what we have is not a right, it’s a privilege, and that can be taken away with the stroke of a 
pen; we need to be mindful of that as we move forward.  
 
Mr. Pelissero thanked everyone for coming to celebrate EFO’s 50th anniversary; it has been a privilege and an honour to 
serve for the Board of Directors along with the Egg Team staff, he concluded. 
 
Experiences of a Farmer under EFO’s New Entrant Program 
Jim and Joannette Van Hemert were selected as Egg Farmers of Ontario’s new entrants in 2012. Joannette Van Hemert 
presented their experiences in the new entrant program. She explained the new entrant program is an excellent 
program that allows new individuals to enter the industry where otherwise there would be significant barriers – we 
wouldn’t be layer farmers today if it wasn’t for this program. We are thankful for all the people who have helped us 
along the way with the learning involved in a new industry. We are very grateful to be farmers in a great industry despite 
the challenges we have faced, she concluded. 
 
Greetings from the Farm Products Council of Canada 
Laurent Pellerin, Chairman 
On behalf of the Farm Products Council of Canada, Mr. Pellerin offered congratulations on Egg Farmers of Ontario’s 50th 

anniversary. Reflecting on the challenges faced in the early years there is a lot of respect for the people who were 
involved in the beginning of the system. Mr. Pellerin congratulated Ontario on its New Entrant Program, accessible 
Quota Transfer System, and the collaboration displayed between the provinces. 
 
Greetings from the Ontario Farm Products Marketing Commission 
Geri Kamenz, Chair 
Geri Kamenz, OFPMC Chair, brought greetings to egg and pullet farmers. The Ontario Farm Products Marketing 
Commission (Commission/OFPMC) is a regulatory agency without a governing board, established under the authority of 
the Ministry of Agriculture, Food and Rural Affairs Act. The Commission is accountable to the Minister, who is then 
accountable to Cabinet and the Legislature. 
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When you reflect on where we’ve come from and where we are today it is not going to get any better; the real challenge 
is to maintain the legacy that has been built. To make sure the sun, moon and stars remain aligned. Mr. Kamenz 
expressed well-deserved congratulations and considerations as you move towards your centennial. Egg Farmers of 
Ontario has reached a very significant milestone; this is truly a time for celebration, gratitude and reflection as you plan 
for a successful and sustainable future. Continue to strategize, visualize and build a plan to ensure success for the next 
50 years, Mr. Kamenz concluded. 
 
Greetings from Egg Farmers of Canada 
Peter Clarke, Chair 
On behalf of the national agency, Peter Clarke offered congratulations for putting on a fantastic event and program 
celebrating 50 years under supply management in Ontario. It has been great for all of us to be exposed to the history, 
and a pleasure to be here to celebrate your 50th anniversary. As I look around the room and see many proud farmers I 
wish you all the best, tonight we will toast your collective wisdom and passion for farming. It is through reflecting on our 
past and respecting our history that we can embrace the challenges that will occur in the future, Mr. Clarke said.  
 
Greetings from United Egg Producers 
Chad Gregory, President & CEO 
It’s an amazing success story to be around for 50 years, congratulated Chad Gregory. I am deeply honoured to be here 
speaking on behalf of the egg farmers in the United States. Mr. Gregory commented on the tremendous vision, 
leadership, commitment and perseverance of the people that started Egg Farmers of Ontario and the supply 
management program years ago. We tried to pass a Federal Egg Bill in the United States between 2011 and 2014 and it 
was very challenging; we weren’t successful. I can’t imagine trying to do what you did 50 years ago to get this program in 
place. Mr. Gregory explained the challenges of the egg industry in the United States, stating, if you want to know what it 
would have been like if you hadn’t have done that 50 years ago, you can look to the United States to see what that 
might have looked like. Where would you be 50 years, today, if those leaders hadn’t done what they had done? In 
closing, Mr. Gregory summarized remarks from the former President of South Africa, Mr. de Klerk, to the International 
Egg Commission a few years ago; the management of change, lessons drawn from the transformation of South Africa:  

1. Accept the need for change;  
2. Avoid temptation of pretending to change;  
3. Articulate a clear and achievable vision;  
4. Develop a detailed action plan; 
5. Communicate often and effectively; 
6. Timing is everything; 
7. Strong leadership is essential;  
8. Be prepared to take calculated risks;  
9. The process of change never ends.  

To me those nine characteristics of how to do change, how to accomplish change, worked 50 years ago for your leaders; 
they still work today and they will work 50 years from now, no matter what we’re dealing with. Certainly what we’re 
dealing with in the US on animal welfare and food safety and environment and all kinds of other things, you’re dealing 
with here as well. We look forward to working with you to accomplish those things together. 
 
Heart for Africa; Project Canaan Report  
Janine Maxwell, Co-Founder 
Janine Maxwell along with her husband Ian co-founded Heart for Africa, a humanitarian organization that reaches out to 
those unable to help themselves, the millions of orphans in Africa left in the wake of the AIDS pandemic. Heart for Africa 
now operates a full-scale sustainable farm called Project Canaan on 2,500 acres in Swaziland that provides a home for 
abandoned babies, employment, food, medical care, and training. Janine oversees the operation of the 90 children in 
her care and lends her expertise in marketing to all aspects of the farm and the organization as a whole to further the 
goal of self-sustainability. Janine and Ian live on Project Canaan in Swaziland, and are striving to address the issue of 
food security in Swaziland with their farm. They are preparing to start egg farming to provide the perfect protein for 
children in need. The hope is in the children because they have been saved, imagine them becoming egg farmers and 
leaders. You are helping to change a nation, she concluded, this partnership encourages us to know that Canadians 
know about the challenges in Swaziland and really do care enough to take action.  
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International Egg Foundation [IEF]: 
A new charitable foundation, IEF, launched by the International Egg Commission in 2014 helps provide people living in 
developing countries greater access to eggs as part of its goal to combat malnutrition and provide underfed and 
undernourished people with access to a sustainable diet. Egg Farmers of Canada has donated $25,000 to the IEF and 
encourages provinces to join in this mutually beneficial foundation. In May, 2014 Egg Farmers of Ontario became a 
founding member of the International Egg Foundation [IEF] and donated $5,000 to IEF. 
 
Adjourn 
The proceedings adjourned to an in camera session for EFO’s Board of Directors to elect from amongst themselves its 
Officers. With no further business brought before the assembly, the 50th Annual Meeting of the Egg Farmers of Ontario 
adjourned at 4:25 p.m.  
 

Wednesday, April 1, 2015 
The 50th Annual Meeting of Egg Farmers of Ontario 

was called to order at 9:25 a.m. 
 
EFO’s Chair, Scott Graham, welcomed egg & pullet farmers and guests to the meeting.  
 
Mr. Graham announced the election results of EFO’s Officers for 2015-2016 at the banquet [held the previous evening]:  
Scott Graham, Chair; Scott Helps, Vice Chair; Roger Pelissero and Marcel Leroux. 
 
Heart for Africa 
Tim Lambert, CEO, Egg Farmers of Canada, was invited to the podium to further explain Heart for Africa and the national 
agency’s involvement. He encouraged everyone to visit their website www.heartforafrica.ca for further information or 
to offer support. 
 
“BUILDING THE FUTURE” SESSION 
 
Planning & Planting for the Future Presentation 
As a thank you for sharing our ‘growing memories’, an Ontario white pine seedling was given to all attendees with the 
caption, “Leadership is planting a tree for others to enjoy the shade. Please plant this seedling to commemorate 50 
years in the egg and pullet industry.” 
 
Canadian Young Farmers’ Forum 
Young farmers Stephanie Nanne from Perth County and Tonya Haverkamp from Listowel, Ontario, were welcomed to 
the podium to share their experiences in the Canadian Young Farmers’ Program. The curriculum content builds 
knowledge of key industry areas and key soft skills to help prepare young farmers to take on a leadership role in the 
industry. Examples of soft skills are communications, leadership, consultation, negotiation, influencing, and 
interpersonal skills. 
 
Farm & Food Care Ontario 
Crystal Mackay, Executive Director 
Farm and Food Care Ontario was the first coalition of its kind with a whole sector approach – all types of farmers and 
associated businesses working together. They are funded by members, sponsors and projects with a common goal of 
building public trust in food and farming. 
 
Farm and Food Care’s coordination and strategy in building public trust in food and farming in Canada was presented,  
including playing defense through advocacy, intelligence and issue management; doing the right thing through practices, 
programs, research and regulations; and inviting conversation through public trust and outreach. 
 
Crystal Mackay acknowledged the founder of the coalition (then called Ontario Farm Animal Council) Jim Johnstone, an 
Ontario egg farmer, and presented his egg commercial from 1995. 

http://www.heartforafrica.ca/
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In closing, she sincerely thanked egg farmers for the tremendous support stating together we can achieve more. 
 
Scott Graham praised Farm and Food Care for raising the bar with respect to public communication and presented a 
$50,000 cheque from Egg Farmers of Ontario to the Farm and Food Care Foundation, which was graciously accepted by 
their Vice Chair Ian McKillop, who is also a proud Ontario egg farmer. 
 
Preparing for EFO’s 100th Annual Meeting 
Jim Carroll, Futurist, Trend & Innovation Expert 
Jim Carroll is widely acknowledged as one of the world’s leading global futurists, trends and innovation experts. He is 
recognized worldwide as a “thought leader” and authority on:  global trends; rapid business model change; business 
transformation in a period of economic uncertainty; and the necessity for fast paced innovation. 
 
What does the future look like? What are the trends? How do egg & pullet farmers ensure a successful future? The 
future belongs to those who are fast! In the words of Rupert Murdoch, “The world is changing very fast. Big will not beat 
small anymore. It will be the fast beating the slow.” 
 
We live in the world of accelerated change, consumer change. Today is the slowest day of technological change for the 
rest of your life. From here it only gets faster. How do you deal with that? How do you deal with the reality that is going 
on in your industry? You do good work, make good product, and do innovative, fascinating things to get your message 
out there using social networking.  
 
“We always overestimate the change that will occur in the next two years and underestimate the change that will occur 
in the next ten. Don’t let yourself be lulled into inaction.” Bill Gates 
 
There are six big issues:  the speed of change (how do you continue to evolve your operations?); scope of opportunity 
(focus on health and wellness); increasing velocity (consumer education evolving faster than ever before, internet, new 
expectations on traceability); changing consumer behavior; massive change in the retail landscape (increased mobile 
sales); and the next generation (half of the global population is under 25; globally wired, entrepreneurial, collaborative, 
change oriented, and now driving rapid business model change and industry transformation as they move into 
management positions). 
 
Mr. Carroll concluded with 10 words to think about regarding how to continue to drive innovation forward:  observe, 
think (innovators see the same trend and see the opportunity not a threat); change; dare (to take some risks); banish; 
try (otherwise you become complacent); question; grow; do; and enjoy. 
 
Closing Remarks & Adjournment 
Scott Graham closed the proceedings summarizing the topics of the day’s Agenda, noting both EFO’s successes and 
recognizing the challenges ahead. The Chair acknowledged the generous donations from sponsors who helped make this 
all possible and thanked everyone for attending Egg Farmers of Ontario’s Annual General Meeting.  
 
With no further business brought forward, the 50th Annual General Meeting of the Egg Farmers of Ontario adjourned at 
11:50 a.m. 
 
In lieu of speaker appreciation gifts, Egg Farmers of Ontario will make a financial contribution to the Ontario Association 
of Food Banks in each Speaker’s name. 
 
 
 
 
 
___________________________ ___________________________ 
Chair             Secretary/Treasurer 
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ABOUT THE COALITION FOR SUSTAINABLE EGG SUPPLY 

The Coalition is made up of leading animal welfare scientists, academic institutions, non-government 
organizations, egg suppliers, and restaurant/foodservice and food retail companies. 

Commercial scale systems-based research in this area was lacking. The Coalition has engaged in a 
holistic, commercial-scale study to evaluate various laying hen housing systems and potential impacts on 
food safety, the environment, hen health and well-being, worker health and safety and food 
affordability, providing food system stakeholders with science-based information on sustainability 
factors to guide informed production and purchasing decisions. 

The Coalition for Sustainable Egg Supply has been facilitated by The Center for Food Integrity 

 

OUR MEMBERS 
 
American Humane Association 
Bob Evans Farms 
British Columbia Egg Marketing Board 
Burnbrae Farms Limited  
Cargill Kitchen Solutions 
CCF Brands 
Cracker Barrel Old Country Store 
Daybreak Foods, Inc.  
Egg Farmers of Canada 
Egg Farmers of Ontario 
Flowers Foods, Inc. 
Forsman Farms 
Fremont Farms of Iowa 
General Mills 
Herbruck Poultry Ranch, Inc. 
Iowa State University 
McDonald’s USA 
Michael Foods, Inc. 
Michigan State University 
Midwest Poultry Services  
Ohio Egg Marketing Program 
Poultry Science Association 
Purdue University 
Sparboe Farms 
Sysco Corporation 
Tyson Foods 
United Egg Producers 
University of California, Davis 
University of Guelph 
 
  

ADVISORS 
 
American Veterinary Medical Association 
Environmental Defense Fund 
USDA Agricultural Research Service 
 
  
 

FACILITATOR 
 
The Center for Food Integrity 

http://www.foodintegrity.org/
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CSES EXECUTIVE SUMMARY 

Many consumers are requesting that the food they purchase have specific attributes related to animal 
welfare, environmental impact and more. In the case of egg production, the way in which the hens 
are housed can potentially influence these attributes. There is mounting pressure on brands to source 
eggs from particular hen housing systems, and governmental and non-governmental organizations have 
become involved in setting standards focused on regulating or eliminating certain types of hen housing. 
However, good data about the potential impacts and trade-offs associated with the overall sustainability 
of egg production have often not been available when setting these standards.  

In 2008, the American Egg Board funded teams of experts to review the sustainability aspects of 
different hen housing systems. These reviews revealed gaps in existing knowledge. To fill these 
gaps with more holistic, commercial-scale research, the Coalition for Sustainable Egg Supply (CSES) 
was formed. The Coalition consists of leading animal welfare scientists, academic institutions, non-
government organizations, egg suppliers, and restaurant/foodservice and food retail companies 
(http://www2.sustainableeggcoalition.org/). 

In 2010, CSES initiated a project to evaluate the sustainability trade-offs of three different laying hen 
housing types – conventional cages, enriched colonies, and cage-free aviary (see the Project Overview 
for a detailed description). These houses were located on a commercial farm in the Midwestern United 
States. Using a holistic approach, multiple variables related to animal health and well-being, food 
safety, the environment, worker health and safety, and food affordability were evaluated by research 
teams from Michigan State University, University of California-Davis, Iowa State University, and USDA 
Agricultural Research Service. The research was conducted over a three-year period with two flocks of 
hens. The results provide insights into the impacts and trade-offs associated with each of these three 
hen housing systems, relative to each of the five sustainability areas:

• Animal health and well-being: Hens were able to perform the widest range of behaviors (e.g. 
flying, perching, nesting, opportunity to forage, dust bathing) in the Aviary, and also could 
perform more diverse behaviors (especially nesting, perching and opportunity for movement) in 
the Enriched Colonies than in Conventional Cages. Hen health issues occurred in all systems, 
but hen mortality in the aviary was double that in the other housing types. Aviary hens had 
the strongest leg and wing bones, which reduced the potential for breakage of these bones. 
Conventional Cage hens had the lowest leg and wing bone strength, with Enriched Colony 
hens intermediate. However, rib remodeling and fractures at the end of the keel (breastbone), 
which reflect the demands of egg production on the skeletal system, were most common in 
Aviary hens. Hens in all housing systems were overall in good physical condition, although in 
general when problems were evident the hens in the Enriched Colonies had problems that 
were intermediate in frequency and severity compared to Aviary and Conventional Cage hens. 

http://www2.sustainableeggcoalition.org/
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Physiological measures did not indicate that hens in any housing system were experiencing 
short-term or long-term stress. 

• Food safety and quality: Current USDA grade standards are accurate for all housing systems 
compared in the study since egg quality declined at a similar rate during cold storage. Hens in 
all housing systems were shedding Salmonella spp. at a similarly high rate, yet all types of eggs 
tested had very low prevalence of Salmonella spp. associated with the egg shells. Furthermore, 
results indicate that management strategies in the different systems can impact egg safety. 
Overall these results indicate that the eggs laid on system wire and within nest boxes, 
irrespective of housing system, were of high microbial quality at the time of collection. 

• Environment: The continuous environmental monitoring of the three hen housing systems 
showed that comfortable thermal conditions can be maintained in all three houses through 
proper ventilation management. The Enriched Colony system performed the best in terms of 
indoor ammonia and particulate matter (dust) concentrations and emissions to the outdoor 
environment. Frequent manure removal from the houses helped to achieve low ammonia levels 
except for occasional higher levels in the Aviary house during cold weather. The Aviary house 
had the highest dust concentration and emissions, as a result of the hen activities on the litter 
floor. Future mitigation of ammonia emissions should focus on manure storage. Overall energy 
costs were similar among the houses. Greenhouse gas (GHG) emissions were small for all 
three housing types. The Aviary tended to have a higher carbon footprint, arising from poorer 
feed conversion. Most of the nutrients consumed in the feed were excreted in the manure, 
making the manure a valuable energy and fertilizer product. The manure from the Enriched 
Colony had the most nitrogen and the lowest moisture content, meaning that it was the best 
fertilizer source and had the lowest potential for environmental emissions.  

• Worker health and safety: Workers were exposed to higher pollutant concentrations in the 
Aviary house than in either the Conventional Cage or Enriched Colony houses. On average, 
working in the Aviary house resulted in a greater decline in pulmonary function from the 
beginning to the end of the work shift compared to working in the other houses, although this 
was not statistically significant. The small number of workers studied may have contributed 
to a lack of statistical power to observe significant results. Respiratory protection is strongly 
recommended for workers in all barns. There were ergonomic challenges and risks in all 
housing types, but these varied according to the workers’ tasks in those housing types. 
Significant ergonomic and risk issues identified in the Aviary house were mainly related to 
workers’ collecting eggs from the litter floor and removing hens from the house, while in the 
Conventional Cage house and Enriched Colony house they were related mainly to placing hens 
in and removing them from the cages and colonies. 
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• Food Affordability: The Aviary was the most costly system per dozen eggs for all cost 
categories evaluated, with costs exceeding the Conventional Cage system by 30-40 percent. 
Costs of the Enriched Colony system were higher than the Conventional Cage system for labor 
and capital costs per dozen, but quite similar for feed costs, which account for more than half of 
all the costs of egg production.  

 
Depending on the goals of each food system stakeholder, these trade-offs between housing systems 
may be weighed differently. Regardless of how they are weighed, the food system will benefit from 
the Coalition’s science-based information on a range of sustainability factors to guide production and 
purchasing decisions.  

It is important to note that this research represents a snapshot in time – it assesses elements of hen 
housing and egg production using a single hen breed/strain, in a particular region of the U.S., in these 
particular housing systems. While it therefore highlights the trade-offs involved and can assist in 
supporting informed decision-making, caution should be exercised in applying the specific results to 
other scenarios with different variables. Nonetheless, the approach taken by the CSES in identifying 
and evaluating these five sustainability areas provided valuable evidence and information, and can be 
used in subsequent research to evaluate other egg production systems.
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The results of the CSES project should be viewed as a “snapshot” of the sustainability trade-offs for these 
particular housing systems under the management conditions during the period of the study. Caution 
should be exercised in applying the research results to other scenarios with different variables.

Management summary for two commercial flocks housed in different environments.

*the two numbers for the aviary reflect the hen numbers per pen in the inner and outer rows
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CAGE-‐FREE	  AVIARY	  	  
HOUSING	  SYSTEM	  

•  Hens	  are	  housed	  indoors	  (climate-‐controlled)	  
and	  allowed	  to	  roam	  freely	  in	  defined	  sectors	  
of	  the	  building	  

•  There	  is	  open	  floor	  space	  as	  well	  as	  mul4ple	  
levels	  for	  hens	  to	  perform	  natural	  bird	  
behaviors,	  like	  perching,	  scratching,	  dust	  
bathing	  and	  nes4ng	  

•  Aviary	  sec4ons	  hold	  1704	  hens	  in	  the	  inner	  
row,	  852	  hens	  in	  the	  outer	  row,	  with	  144	  
square	  inches	  per	  bird	  

•  Hens	  have	  constant	  access	  to	  food	  and	  water	  
•  A	  manure	  belt	  below	  the	  cages	  keeps	  manure	  

away	  from	  birds	  

CONVENTIONAL	  CAGE	  HOUSING	  SYSTEM	  
•  Hens	  are	  housed	  indoors	  (climate-‐controlled)	  in	  mul4level	  rows	  of	  enclosures	  with	  wire	  mesh	  floors	  
•  Six	  hens	  per	  cage,	  80	  square	  inches	  per	  hen	  
•  Hens	  have	  daily	  access	  to	  food	  and	  water	  
•  A	  manure	  belt	  below	  the	  cages	  keeps	  manure	  away	  from	  birds	  
•  The	  wire	  floors	  slope	  slightly	  so	  eggs	  roll	  down	  to	  an	  egg-‐collec4on	  belt	  
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ENRICHED	  COLONY	  HOUSING	  SYSTEM	  	  
•  Hens	  are	  housed	  indoors	  (climate-‐controlled)	  in	  mul4level	  rows	  of	  enclosures	  with	  wire	  mesh	  floors	  
•  60	  hens	  per	  cage,	  116	  square	  inches	  per	  hen	  
•  There	  is	  enough	  space	  for	  each	  hen	  to	  stand,	  sit,	  turn	  around	  and	  extend	  her	  wings	  
•  Each	  enriched	  colony	  allows	  for	  natural	  bird	  behaviors,	  like	  perching,	  scratching,	  dust	  bathing	  and	  

nes4ng	  
•  Hens	  have	  daily	  access	  to	  food	  and	  water	  
•  Nes4ng	  hens	  have	  access	  to	  privacy	  curtains	  
•  A	  manure	  belt	  below	  the	  cages	  keeps	  manure	  away	  from	  birds	  
•  The	  wire	  floors	  slope	  slightly	  so	  eggs	  roll	  down	  to	  an	  egg-‐collec4on	  belt	  
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RESEARCH FINDINGS: FLOCKS 1 AND 2

Results: Production Performance

• Overall performance in the three systems, all of which were stocked with beak-trimmed 
Lohmann LSL Classic White hens, improved from the 1st to the 2nd flock, with increased egg 
production and increased feed efficiency 

• Hen-day production at 78 weeks was above the Lohmann LSL management guide (2013) of 77 
percent for both flocks 

• Average hen-day production for the two flocks was above the 86 percent Lohmann LSL 
management guide (2013) average, except for the AV Flock 1

• Cumulative hen mortality in AV was approximately double that of the other systems, with 
mortality in CC and EC being similar to the breeder expectations for this hen strain  

 
Production performance is both an indicator of overall flock health and a major component of 
economic and environmental sustainability. Daily feed usage, water consumption, hen-day egg 
production (the percentage of hens in the flocks laying an egg that day), and mortality data were 
collected during each 28-day period of each flock cycle; a summary is provided in Table 1. The hen-
day percentage production was above the calculated 86 percent management guide average from 
19-78 weeks for hens in all three housing systems in both flocks. Hen-day production at 78 weeks 
of age (Figure 1) was also higher than the Lohmann LSL White management guide (2013) target 
of 77 percent for both flocks. Flock 2 overall performed better than Flock 1, showing an increase in 
eggs per hen housed, average hen-day production, and better feed conversion. Mortality is shown in 
Figure 2 and Table 5. The Lohmann LSL management guide (2013) reports that cumulative mortality 
should be around six percent for the flock; mortality in both the CC and EC was slightly lower than 
this in both flocks, but mortality in the AV was double that figure. Mortality in both the AV and CC 
were about the same in Flock 2 as they were in Flock 1. In the EC, however, mortality decreased 
from Flock 1 to Flock 2, resulting in EC mortality being similar to that of CC.  

Results: Animal Health and Well-Being 

• Perches were well-used by the hens in both AV and EC
• Nests were also well-used in the EC, although nest use in the AV was more variable, with 

generally high nest use but also periodic problems with eggs being laid in the litter area. Nest 
pads in both systems stayed clean throughout the laying cycle. 

• Hens accessed the open litter area in the AV and dust-bathed there, whereas in EC the scratch 
pad was used infrequently for the intended purposes of dust bathing and foraging; this pad also 
became contaminated with manure
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Food Affordability
COALITION FOR SUSTAINABLE EGG SUPPLY
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Food Affordability
Feed for hens comprised the largest share of operating costs for each of the housing systems. Feed 

consumption per dozen eggs was similar across the systems, increasing somewhat over the life of 

the flock. Feed cost per dozen eggs produced in the AV was higher because production per hen 

placed in that system declined more over the life of the flock. The cost per dozen eggs for pullets 

placed in the AV were substantially higher than the other systems, due to higher rearing costs, 

higher hen mortality and lower production per hen in that system. The EC had higher weekly labor 

costs (per dozen eggs) than did the CC, though costs did not rise over the life of the flock as they 

did with the AV. An EC with more hens per house might be more efficient and reduce labor costs 

per dozen eggs produced. The labor costs per dozen eggs produced were highest in the AV, 

primarily due to greater labor costs for egg collection. Higher hen mortality and other hen health 

issues were also contributing factors. The EC had total capital costs per dozen eggs that were 107% 

higher than CC, largely the result of higher construction costs and fewer hens housed in 

comparison to CC. The AV had total capital costs per dozen eggs that were 179% higher than CC, 

largely the result of higher construction costs and fewer hens housed in comparison to CC. The EC 

had total operating costs per dozen eggs that were 4% higher than CC. Coupled with higher capital 

costs, EC had total costs per dozen eggs produced that were 13% higher than CC. The AV had total 

operating costs per dozen eggs that were 23% higher than the CC. Coupled with higher capital 

costs, the AV had total costs per dozen eggs produced that were 36% higher than the CC.

Find more information at
www2.sustainableeggcoalition.org
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Airborne particulate matter (PM) can make its way into workers’ airways, with smaller particles 

being deposited deep into the lungs. In the EC and CC houses, workers were exposed to 

significantly lower concentrations of airborne particles than when working in the AV house. 

Inhalable particle and PM 2.5 concentrations were higher in AV house due to the litter on the floor. 

The overall daily mean indoor ammonia concentration was well below the recommended limit of 

25 ppm for the CC (4.0 ppm), EC (2.8 ppm) and AV (6.7ppm). Ammonia concentrations only 

exceeded 25 ppm in the winter of Flock 1 in each house but for less than 10% of the work shift. In 

the AV there was worker exposure to significantly higher concentrations of endotoxin than in CC 

or EC.  High use of mask/respirator by workers, and similar concentrations of exposures in both CC 

and EC, was associated with similar cross-shift lung health outcomes. Average mask use was 

higher by workers in the AV protecting them from higher exposures and greater respiratory 

consequences. Ergonomic stressors assessed included force, repetition, and posture. Loading and 

unloading of cages in EC and CC systems required extreme body positions and significant twisting. 

Gathering floor eggs in AV required extreme body positions for extended periods and exposure to 

respiratory hazards. With respect to access, EC and CC systems posed significant hazards normally 

and at population/depopulation. EC workers stepped on the cage front instead of ladders to reach 

hens and worked from unapproved platforms and railings. There were no access issues in the AV. 

 During unloading, the cage modules were placed in the aisles blocking them in the event a rapid 

evacuation was needed, and AV workers placed themselves inside the wire enclosures and locked 

the doors behind them, reducing the ability for a rapid evacuation.

Worker Health & Safety

Find more information at
www2.sustainableeggcoalition.org
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Environment
Ammonia and particulate matter (PM) concentrations were significantly higher in the AV house 

than in the EC or CC house. PM concentrations were roughly 8-10 times higher in the AV than 

either the CC or EC.  PM emissions from the EC and CC house remained low and similar year-

round, whereas the AV house had 6-7 times more PM emissions than the other two types of 

housing. The higher AV PM levels and emissions were caused by hens’ behavioral activities on 

the litter floor.  Poor indoor air quality may lead to eye and respiratory tract irritation in workers 

and hens.  Farm-level ammonia emissions were lowest for the EC system, approximately half 

that of CC or AV, due to its lower stocking density and drier manure. Ammonia emissions from 

manure storage accounted for two-thirds of farm-level emissions. Greenhouse gas (GHG) 

emissions were low for all systems due to relatively dry manure. Manure removed from the EC 

house was drier and had a slightly higher nitrogen content than that removed from the CC or 

AV house. In the AV house, 77% of manure was deposited on the belts and the rest on the litter 

floor when hens had free access to the litter floor. Manure on the AV litter floor had to be 

removed separately, either mechanically or manually onto the manure belt.  With respect to 

natural resource use, the EC house had similar energy use and feed efficiency to the CC house. 

The AV house may need supplemental heat during cold days, and when coupled with lower AV 

feed efficiency, creates a larger carbon footprint than EC or CC, as feed supply accounts for 

approximately 80% of total carbon footprint in the egg-supply chain. In addition, more natural 

resources are needed per bird space in the construction of AV houses. 

Find more information at
www2.sustainableeggcoalition.org
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Cumulative hen mortality in the EC and CC was slightly lower than the 6% Lohmann LSL 

management reference, but double that percentage in the AV. Major mortality causes in all systems 

were hypocalcemia and egg yolk peritonitis. More AV hens died from being caught in the structure, 

vent cannibalized or excessively pecked. EC and AV systems offered hens more behavioral freedom 

than CC with the nesting area and perches generally well used. In the AV the litter was used for dust 

bathing, but the EC scratch pad was not well used for dust bathing or foraging and accumulated 

manure. Nest use by AV hens was variable, with a proportion of eggs laid in the enclosure or on the 

litter. Bone health/strength measures indicate EC hens had more keel abnormalities than CC hens, 

particularly during late lay. AV reared pullets had more keel bone damage at placement than those 

reared in CC, and keel breaks were more prevalent in the AV hens during lay. Pullets in the AV 

rearing system had better bone quality at placement in their tibiae and femurs than pullets reared 

in the CC rearing system; this good bone quality was maintained throughout the lay cycle. Bone 

quality in CC and EC was not as good, although it improved somewhat in EC during the lay cycle. 

Measures of stress overall did not indicate acute or chronic stress. EC hens had slightly less feather 

loss than CC hens, while the AV hens had the best feathering.  Feather cleanliness of EC and CC was 

similar, but AV hens had slightly dirtier feathers. EC hens had shorter claws and fewer foot 

problems (e.g. hyperkeratosis) than in CC, and no severe foot problems (e.g. bumblefoot). 

 Incidence of foot problems in AV was lowest, but those problems were more severe. Air 

temperatures in AV and EC were similar to CC, and the hens were never observed panting. Indoor 

air quality (dust and ammonia) for EC was similar to CC but worse in AV. However, there were no 

signs of hen health problems associated with poor air quality in any housing system.  Feed and 

water consumption by hens and body weights were similar across systems.

Animal Health & Well-Being

Find more information at
www2.sustainableeggcoalition.org
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Housing system type did not influence the rate of egg quality decline through 12 weeks of 

extended storage, and current U.S. egg quality standards/grades are adequate to describe 

eggs for all three of the housing systems. It is not uncommon for poultry to shed Salmonella 

spp. or other coliforms thus the prevalence (presence or absence) of Salmonella spp. and 

Campylobacter spp. were determined for every swab/egg shell pool collected from each 

system. Hens in all housing systems were shedding Salmonella spp. at a similar rate; the 

prevalence of Salmonella spp. on egg shells was very low and did not differ between housing 

systems. The AV had higher levels of environmental Campylobacter spp. recovery (drag 

swab). Salmonella spp. were detected at similar levels of prevalence in the EC and CC 

production environments however AV were more positive. The manure scraper had low 

levels of Campylobacter spp. recovery in all systems, but AV drag swabs and EC scratch pad 

swabs had high levels of Campylobacter spp. recovery. AV floor shells had the greatest levels 

of total aerobes and coliforms. Aerobic organisms were also elevated on AV nest box and 

system shells. Previous studies indicate total aerobe levels are greater on eggs produced in 

high dust environments. Eggs laid on litter (in AV only) have greater shell microbial levels 

than eggs laid on system wires or in nest boxes. Coliforms are indicators of fecal 

contamination which is linked to many human pathogens. In the EC system wire egg shell 

coliform levels were detected at levels similar to CC. The coliform level in AV nest box egg 

shells was similar to the EC. The coliform levels were low for all shell samples, excluding 

the AV floor shells, which had the highest levels of total coliforms.

*An infographic is not available for Food Safety and Quality.

Food Safety & Quality

Find more information at
www2.sustainableeggcoalition.org
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COALITION FOR SUSTAINABLE EGG SUPPLY

Research Results

Find more information at
www2.sustainableeggcoalition.org

The following summaries present the Coalition’s overall research findings for each 

sustainability area, along with infographics showing both positive and negative impacts. In 

these infographics, the Enriched Colony (EC) and Cage-Free Aviary (AV) systems are 

compared to a baseline of the Conventional Cage (CC) system. The CC system was chosen as 

the baseline because it is the system in which approximately 95 percent of the laying hens in 

the U.S. are housed, and because it is the system for which there was the most existing data 

prior to the CSES project being initiated. There is also an interactive version of these 

infographics that contains additional information about the sustainability tradeoffs, and 

which can be found on the CSES website at http://www2.sustainableeggcoalition.org/. 

The CSES researchers are aware that many egg producers are transitioning away from 

conventional cages as they install new systems. These summaries provide an overview of 

the sustainability tradeoffs that should be considered during this transition, and can assist 

in supporting informed decision-making. They should be evaluated in the context of the 

other final research materials, including the final research report and the peer-reviewed 

publications. They also represent a snapshot in time and particular conditions of 

management and housing design. As egg production systems continue to evolve, future 

research should focus on continuing to enhance the sustainability characteristics of those 

systems via advances in design and management. 
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Food Affordability
Feed for hens comprised the largest share of operating costs for each of the housing systems. Feed 

consumption per dozen eggs was similar across the systems, increasing somewhat over the life of 

the flock. Feed cost per dozen eggs produced in the AV was higher because production per hen 

placed in that system declined more over the life of the flock. The cost per dozen eggs for pullets 

placed in the AV were substantially higher than the other systems, due to higher rearing costs, 

higher hen mortality and lower production per hen in that system. The EC had higher weekly labor 

costs (per dozen eggs) than did the CC, though costs did not rise over the life of the flock as they 

did with the AV. An EC with more hens per house might be more efficient and reduce labor costs 

per dozen eggs produced. The labor costs per dozen eggs produced were highest in the AV, 

primarily due to greater labor costs for egg collection. Higher hen mortality and other hen health 

issues were also contributing factors. The EC had total capital costs per dozen eggs that were 107% 

higher than CC, largely the result of higher construction costs and fewer hens housed in 

comparison to CC. The AV had total capital costs per dozen eggs that were 179% higher than CC, 

largely the result of higher construction costs and fewer hens housed in comparison to CC. The EC 

had total operating costs per dozen eggs that were 4% higher than CC. Coupled with higher capital 

costs, EC had total costs per dozen eggs produced that were 13% higher than CC. The AV had total 

operating costs per dozen eggs that were 23% higher than the CC. Coupled with higher capital 

costs, the AV had total costs per dozen eggs produced that were 36% higher than the CC.

Find more information at
www2.sustainableeggcoalition.org
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Airborne particulate matter (PM) can make its way into workers’ airways, with smaller particles 

being deposited deep into the lungs. In the EC and CC houses, workers were exposed to 

significantly lower concentrations of airborne particles than when working in the AV house. 

Inhalable particle and PM 2.5 concentrations were higher in AV house due to the litter on the floor. 

The overall daily mean indoor ammonia concentration was well below the recommended limit of 

25 ppm for the CC (4.0 ppm), EC (2.8 ppm) and AV (6.7ppm). Ammonia concentrations only 

exceeded 25 ppm in the winter of Flock 1 in each house but for less than 10% of the work shift. In 

the AV there was worker exposure to significantly higher concentrations of endotoxin than in CC 

or EC.  High use of mask/respirator by workers, and similar concentrations of exposures in both CC 

and EC, was associated with similar cross-shift lung health outcomes. Average mask use was 

higher by workers in the AV protecting them from higher exposures and greater respiratory 

consequences. Ergonomic stressors assessed included force, repetition, and posture. Loading and 

unloading of cages in EC and CC systems required extreme body positions and significant twisting. 

Gathering floor eggs in AV required extreme body positions for extended periods and exposure to 

respiratory hazards. With respect to access, EC and CC systems posed significant hazards normally 

and at population/depopulation. EC workers stepped on the cage front instead of ladders to reach 

hens and worked from unapproved platforms and railings. There were no access issues in the AV. 

 During unloading, the cage modules were placed in the aisles blocking them in the event a rapid 

evacuation was needed, and AV workers placed themselves inside the wire enclosures and locked 

the doors behind them, reducing the ability for a rapid evacuation.

Worker Health & Safety

Find more information at
www2.sustainableeggcoalition.org
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Environment
Ammonia and particulate matter (PM) concentrations were significantly higher in the AV house 

than in the EC or CC house. PM concentrations were roughly 8-10 times higher in the AV than 

either the CC or EC.  PM emissions from the EC and CC house remained low and similar year-

round, whereas the AV house had 6-7 times more PM emissions than the other two types of 

housing. The higher AV PM levels and emissions were caused by hens’ behavioral activities on 

the litter floor.  Poor indoor air quality may lead to eye and respiratory tract irritation in workers 

and hens.  Farm-level ammonia emissions were lowest for the EC system, approximately half 

that of CC or AV, due to its lower stocking density and drier manure. Ammonia emissions from 

manure storage accounted for two-thirds of farm-level emissions. Greenhouse gas (GHG) 

emissions were low for all systems due to relatively dry manure. Manure removed from the EC 

house was drier and had a slightly higher nitrogen content than that removed from the CC or 

AV house. In the AV house, 77% of manure was deposited on the belts and the rest on the litter 

floor when hens had free access to the litter floor. Manure on the AV litter floor had to be 

removed separately, either mechanically or manually onto the manure belt.  With respect to 

natural resource use, the EC house had similar energy use and feed efficiency to the CC house. 

The AV house may need supplemental heat during cold days, and when coupled with lower AV 

feed efficiency, creates a larger carbon footprint than EC or CC, as feed supply accounts for 

approximately 80% of total carbon footprint in the egg-supply chain. In addition, more natural 

resources are needed per bird space in the construction of AV houses. 

Find more information at
www2.sustainableeggcoalition.org
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Cumulative hen mortality in the EC and CC was slightly lower than the 6% Lohmann LSL 

management reference, but double that percentage in the AV. Major mortality causes in all systems 

were hypocalcemia and egg yolk peritonitis. More AV hens died from being caught in the structure, 

vent cannibalized or excessively pecked. EC and AV systems offered hens more behavioral freedom 

than CC with the nesting area and perches generally well used. In the AV the litter was used for dust 

bathing, but the EC scratch pad was not well used for dust bathing or foraging and accumulated 

manure. Nest use by AV hens was variable, with a proportion of eggs laid in the enclosure or on the 

litter. Bone health/strength measures indicate EC hens had more keel abnormalities than CC hens, 

particularly during late lay. AV reared pullets had more keel bone damage at placement than those 

reared in CC, and keel breaks were more prevalent in the AV hens during lay. Pullets in the AV 

rearing system had better bone quality at placement in their tibiae and femurs than pullets reared 

in the CC rearing system; this good bone quality was maintained throughout the lay cycle. Bone 

quality in CC and EC was not as good, although it improved somewhat in EC during the lay cycle. 

Measures of stress overall did not indicate acute or chronic stress. EC hens had slightly less feather 

loss than CC hens, while the AV hens had the best feathering.  Feather cleanliness of EC and CC was 

similar, but AV hens had slightly dirtier feathers. EC hens had shorter claws and fewer foot 

problems (e.g. hyperkeratosis) than in CC, and no severe foot problems (e.g. bumblefoot). 

 Incidence of foot problems in AV was lowest, but those problems were more severe. Air 

temperatures in AV and EC were similar to CC, and the hens were never observed panting. Indoor 

air quality (dust and ammonia) for EC was similar to CC but worse in AV. However, there were no 

signs of hen health problems associated with poor air quality in any housing system.  Feed and 

water consumption by hens and body weights were similar across systems.

Animal Health & Well-Being

Find more information at
www2.sustainableeggcoalition.org

COALITION FOR SUSTAINABLE EGG SUPPLY

Housing system type did not influence the rate of egg quality decline through 12 weeks of 

extended storage, and current U.S. egg quality standards/grades are adequate to describe 

eggs for all three of the housing systems. It is not uncommon for poultry to shed Salmonella 

spp. or other coliforms thus the prevalence (presence or absence) of Salmonella spp. and 

Campylobacter spp. were determined for every swab/egg shell pool collected from each 

system. Hens in all housing systems were shedding Salmonella spp. at a similar rate; the 

prevalence of Salmonella spp. on egg shells was very low and did not differ between housing 

systems. The AV had higher levels of environmental Campylobacter spp. recovery (drag 

swab). Salmonella spp. were detected at similar levels of prevalence in the EC and CC 

production environments however AV were more positive. The manure scraper had low 

levels of Campylobacter spp. recovery in all systems, but AV drag swabs and EC scratch pad 

swabs had high levels of Campylobacter spp. recovery. AV floor shells had the greatest levels 

of total aerobes and coliforms. Aerobic organisms were also elevated on AV nest box and 

system shells. Previous studies indicate total aerobe levels are greater on eggs produced in 

high dust environments. Eggs laid on litter (in AV only) have greater shell microbial levels 

than eggs laid on system wires or in nest boxes. Coliforms are indicators of fecal 

contamination which is linked to many human pathogens. In the EC system wire egg shell 

coliform levels were detected at levels similar to CC. The coliform level in AV nest box egg 

shells was similar to the EC. The coliform levels were low for all shell samples, excluding 

the AV floor shells, which had the highest levels of total coliforms.

*An infographic is not available for Food Safety and Quality.
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Research Results

Find more information at
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The following summaries present the Coalition’s overall research findings for each 

sustainability area, along with infographics showing both positive and negative impacts. In 

these infographics, the Enriched Colony (EC) and Cage-Free Aviary (AV) systems are 

compared to a baseline of the Conventional Cage (CC) system. The CC system was chosen as 

the baseline because it is the system in which approximately 95 percent of the laying hens in 

the U.S. are housed, and because it is the system for which there was the most existing data 

prior to the CSES project being initiated. There is also an interactive version of these 

infographics that contains additional information about the sustainability tradeoffs, and 

which can be found on the CSES website at http://www2.sustainableeggcoalition.org/. 

The CSES researchers are aware that many egg producers are transitioning away from 

conventional cages as they install new systems. These summaries provide an overview of 

the sustainability tradeoffs that should be considered during this transition, and can assist 

in supporting informed decision-making. They should be evaluated in the context of the 

other final research materials, including the final research report and the peer-reviewed 

publications. They also represent a snapshot in time and particular conditions of 

management and housing design. As egg production systems continue to evolve, future 

research should focus on continuing to enhance the sustainability characteristics of those 

systems via advances in design and management. 
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Food Affordability
Feed for hens comprised the largest share of operating costs for each of the housing systems. Feed 

consumption per dozen eggs was similar across the systems, increasing somewhat over the life of 

the flock. Feed cost per dozen eggs produced in the AV was higher because production per hen 

placed in that system declined more over the life of the flock. The cost per dozen eggs for pullets 

placed in the AV were substantially higher than the other systems, due to higher rearing costs, 

higher hen mortality and lower production per hen in that system. The EC had higher weekly labor 

costs (per dozen eggs) than did the CC, though costs did not rise over the life of the flock as they 

did with the AV. An EC with more hens per house might be more efficient and reduce labor costs 

per dozen eggs produced. The labor costs per dozen eggs produced were highest in the AV, 

primarily due to greater labor costs for egg collection. Higher hen mortality and other hen health 

issues were also contributing factors. The EC had total capital costs per dozen eggs that were 107% 

higher than CC, largely the result of higher construction costs and fewer hens housed in 

comparison to CC. The AV had total capital costs per dozen eggs that were 179% higher than CC, 

largely the result of higher construction costs and fewer hens housed in comparison to CC. The EC 

had total operating costs per dozen eggs that were 4% higher than CC. Coupled with higher capital 

costs, EC had total costs per dozen eggs produced that were 13% higher than CC. The AV had total 

operating costs per dozen eggs that were 23% higher than the CC. Coupled with higher capital 

costs, the AV had total costs per dozen eggs produced that were 36% higher than the CC.

Find more information at
www2.sustainableeggcoalition.org
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Airborne particulate matter (PM) can make its way into workers’ airways, with smaller particles 

being deposited deep into the lungs. In the EC and CC houses, workers were exposed to 

significantly lower concentrations of airborne particles than when working in the AV house. 

Inhalable particle and PM 2.5 concentrations were higher in AV house due to the litter on the floor. 

The overall daily mean indoor ammonia concentration was well below the recommended limit of 

25 ppm for the CC (4.0 ppm), EC (2.8 ppm) and AV (6.7ppm). Ammonia concentrations only 

exceeded 25 ppm in the winter of Flock 1 in each house but for less than 10% of the work shift. In 

the AV there was worker exposure to significantly higher concentrations of endotoxin than in CC 

or EC.  High use of mask/respirator by workers, and similar concentrations of exposures in both CC 

and EC, was associated with similar cross-shift lung health outcomes. Average mask use was 

higher by workers in the AV protecting them from higher exposures and greater respiratory 

consequences. Ergonomic stressors assessed included force, repetition, and posture. Loading and 

unloading of cages in EC and CC systems required extreme body positions and significant twisting. 

Gathering floor eggs in AV required extreme body positions for extended periods and exposure to 

respiratory hazards. With respect to access, EC and CC systems posed significant hazards normally 

and at population/depopulation. EC workers stepped on the cage front instead of ladders to reach 

hens and worked from unapproved platforms and railings. There were no access issues in the AV. 

 During unloading, the cage modules were placed in the aisles blocking them in the event a rapid 

evacuation was needed, and AV workers placed themselves inside the wire enclosures and locked 

the doors behind them, reducing the ability for a rapid evacuation.

Worker Health & Safety

Find more information at
www2.sustainableeggcoalition.org
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Environment
Ammonia and particulate matter (PM) concentrations were significantly higher in the AV house 

than in the EC or CC house. PM concentrations were roughly 8-10 times higher in the AV than 

either the CC or EC.  PM emissions from the EC and CC house remained low and similar year-

round, whereas the AV house had 6-7 times more PM emissions than the other two types of 

housing. The higher AV PM levels and emissions were caused by hens’ behavioral activities on 

the litter floor.  Poor indoor air quality may lead to eye and respiratory tract irritation in workers 

and hens.  Farm-level ammonia emissions were lowest for the EC system, approximately half 

that of CC or AV, due to its lower stocking density and drier manure. Ammonia emissions from 

manure storage accounted for two-thirds of farm-level emissions. Greenhouse gas (GHG) 

emissions were low for all systems due to relatively dry manure. Manure removed from the EC 

house was drier and had a slightly higher nitrogen content than that removed from the CC or 

AV house. In the AV house, 77% of manure was deposited on the belts and the rest on the litter 

floor when hens had free access to the litter floor. Manure on the AV litter floor had to be 

removed separately, either mechanically or manually onto the manure belt.  With respect to 

natural resource use, the EC house had similar energy use and feed efficiency to the CC house. 

The AV house may need supplemental heat during cold days, and when coupled with lower AV 

feed efficiency, creates a larger carbon footprint than EC or CC, as feed supply accounts for 

approximately 80% of total carbon footprint in the egg-supply chain. In addition, more natural 

resources are needed per bird space in the construction of AV houses. 

Find more information at
www2.sustainableeggcoalition.org
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Cumulative hen mortality in the EC and CC was slightly lower than the 6% Lohmann LSL 

management reference, but double that percentage in the AV. Major mortality causes in all systems 

were hypocalcemia and egg yolk peritonitis. More AV hens died from being caught in the structure, 

vent cannibalized or excessively pecked. EC and AV systems offered hens more behavioral freedom 

than CC with the nesting area and perches generally well used. In the AV the litter was used for dust 

bathing, but the EC scratch pad was not well used for dust bathing or foraging and accumulated 

manure. Nest use by AV hens was variable, with a proportion of eggs laid in the enclosure or on the 

litter. Bone health/strength measures indicate EC hens had more keel abnormalities than CC hens, 

particularly during late lay. AV reared pullets had more keel bone damage at placement than those 

reared in CC, and keel breaks were more prevalent in the AV hens during lay. Pullets in the AV 

rearing system had better bone quality at placement in their tibiae and femurs than pullets reared 

in the CC rearing system; this good bone quality was maintained throughout the lay cycle. Bone 

quality in CC and EC was not as good, although it improved somewhat in EC during the lay cycle. 

Measures of stress overall did not indicate acute or chronic stress. EC hens had slightly less feather 

loss than CC hens, while the AV hens had the best feathering.  Feather cleanliness of EC and CC was 

similar, but AV hens had slightly dirtier feathers. EC hens had shorter claws and fewer foot 

problems (e.g. hyperkeratosis) than in CC, and no severe foot problems (e.g. bumblefoot). 

 Incidence of foot problems in AV was lowest, but those problems were more severe. Air 

temperatures in AV and EC were similar to CC, and the hens were never observed panting. Indoor 

air quality (dust and ammonia) for EC was similar to CC but worse in AV. However, there were no 

signs of hen health problems associated with poor air quality in any housing system.  Feed and 

water consumption by hens and body weights were similar across systems.

Animal Health & Well-Being

Find more information at
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Housing system type did not influence the rate of egg quality decline through 12 weeks of 

extended storage, and current U.S. egg quality standards/grades are adequate to describe 

eggs for all three of the housing systems. It is not uncommon for poultry to shed Salmonella 

spp. or other coliforms thus the prevalence (presence or absence) of Salmonella spp. and 

Campylobacter spp. were determined for every swab/egg shell pool collected from each 

system. Hens in all housing systems were shedding Salmonella spp. at a similar rate; the 

prevalence of Salmonella spp. on egg shells was very low and did not differ between housing 

systems. The AV had higher levels of environmental Campylobacter spp. recovery (drag 

swab). Salmonella spp. were detected at similar levels of prevalence in the EC and CC 

production environments however AV were more positive. The manure scraper had low 

levels of Campylobacter spp. recovery in all systems, but AV drag swabs and EC scratch pad 

swabs had high levels of Campylobacter spp. recovery. AV floor shells had the greatest levels 

of total aerobes and coliforms. Aerobic organisms were also elevated on AV nest box and 

system shells. Previous studies indicate total aerobe levels are greater on eggs produced in 

high dust environments. Eggs laid on litter (in AV only) have greater shell microbial levels 

than eggs laid on system wires or in nest boxes. Coliforms are indicators of fecal 

contamination which is linked to many human pathogens. In the EC system wire egg shell 

coliform levels were detected at levels similar to CC. The coliform level in AV nest box egg 

shells was similar to the EC. The coliform levels were low for all shell samples, excluding 

the AV floor shells, which had the highest levels of total coliforms.

*An infographic is not available for Food Safety and Quality.
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Research Results
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The following summaries present the Coalition’s overall research findings for each 

sustainability area, along with infographics showing both positive and negative impacts. In 

these infographics, the Enriched Colony (EC) and Cage-Free Aviary (AV) systems are 

compared to a baseline of the Conventional Cage (CC) system. The CC system was chosen as 

the baseline because it is the system in which approximately 95 percent of the laying hens in 

the U.S. are housed, and because it is the system for which there was the most existing data 

prior to the CSES project being initiated. There is also an interactive version of these 

infographics that contains additional information about the sustainability tradeoffs, and 

which can be found on the CSES website at http://www2.sustainableeggcoalition.org/. 

The CSES researchers are aware that many egg producers are transitioning away from 

conventional cages as they install new systems. These summaries provide an overview of 

the sustainability tradeoffs that should be considered during this transition, and can assist 

in supporting informed decision-making. They should be evaluated in the context of the 

other final research materials, including the final research report and the peer-reviewed 

publications. They also represent a snapshot in time and particular conditions of 

management and housing design. As egg production systems continue to evolve, future 

research should focus on continuing to enhance the sustainability characteristics of those 

systems via advances in design and management. 
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Food Affordability
Feed for hens comprised the largest share of operating costs for each of the housing systems. Feed 

consumption per dozen eggs was similar across the systems, increasing somewhat over the life of 

the flock. Feed cost per dozen eggs produced in the AV was higher because production per hen 

placed in that system declined more over the life of the flock. The cost per dozen eggs for pullets 

placed in the AV were substantially higher than the other systems, due to higher rearing costs, 

higher hen mortality and lower production per hen in that system. The EC had higher weekly labor 

costs (per dozen eggs) than did the CC, though costs did not rise over the life of the flock as they 

did with the AV. An EC with more hens per house might be more efficient and reduce labor costs 

per dozen eggs produced. The labor costs per dozen eggs produced were highest in the AV, 

primarily due to greater labor costs for egg collection. Higher hen mortality and other hen health 

issues were also contributing factors. The EC had total capital costs per dozen eggs that were 107% 

higher than CC, largely the result of higher construction costs and fewer hens housed in 

comparison to CC. The AV had total capital costs per dozen eggs that were 179% higher than CC, 

largely the result of higher construction costs and fewer hens housed in comparison to CC. The EC 

had total operating costs per dozen eggs that were 4% higher than CC. Coupled with higher capital 

costs, EC had total costs per dozen eggs produced that were 13% higher than CC. The AV had total 

operating costs per dozen eggs that were 23% higher than the CC. Coupled with higher capital 

costs, the AV had total costs per dozen eggs produced that were 36% higher than the CC.

Find more information at
www2.sustainableeggcoalition.org
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Airborne particulate matter (PM) can make its way into workers’ airways, with smaller particles 

being deposited deep into the lungs. In the EC and CC houses, workers were exposed to 

significantly lower concentrations of airborne particles than when working in the AV house. 

Inhalable particle and PM 2.5 concentrations were higher in AV house due to the litter on the floor. 

The overall daily mean indoor ammonia concentration was well below the recommended limit of 

25 ppm for the CC (4.0 ppm), EC (2.8 ppm) and AV (6.7ppm). Ammonia concentrations only 

exceeded 25 ppm in the winter of Flock 1 in each house but for less than 10% of the work shift. In 

the AV there was worker exposure to significantly higher concentrations of endotoxin than in CC 

or EC.  High use of mask/respirator by workers, and similar concentrations of exposures in both CC 

and EC, was associated with similar cross-shift lung health outcomes. Average mask use was 

higher by workers in the AV protecting them from higher exposures and greater respiratory 

consequences. Ergonomic stressors assessed included force, repetition, and posture. Loading and 

unloading of cages in EC and CC systems required extreme body positions and significant twisting. 

Gathering floor eggs in AV required extreme body positions for extended periods and exposure to 

respiratory hazards. With respect to access, EC and CC systems posed significant hazards normally 

and at population/depopulation. EC workers stepped on the cage front instead of ladders to reach 

hens and worked from unapproved platforms and railings. There were no access issues in the AV. 

 During unloading, the cage modules were placed in the aisles blocking them in the event a rapid 

evacuation was needed, and AV workers placed themselves inside the wire enclosures and locked 

the doors behind them, reducing the ability for a rapid evacuation.

Worker Health & Safety
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Environment
Ammonia and particulate matter (PM) concentrations were significantly higher in the AV house 

than in the EC or CC house. PM concentrations were roughly 8-10 times higher in the AV than 

either the CC or EC.  PM emissions from the EC and CC house remained low and similar year-

round, whereas the AV house had 6-7 times more PM emissions than the other two types of 

housing. The higher AV PM levels and emissions were caused by hens’ behavioral activities on 

the litter floor.  Poor indoor air quality may lead to eye and respiratory tract irritation in workers 

and hens.  Farm-level ammonia emissions were lowest for the EC system, approximately half 

that of CC or AV, due to its lower stocking density and drier manure. Ammonia emissions from 

manure storage accounted for two-thirds of farm-level emissions. Greenhouse gas (GHG) 

emissions were low for all systems due to relatively dry manure. Manure removed from the EC 

house was drier and had a slightly higher nitrogen content than that removed from the CC or 

AV house. In the AV house, 77% of manure was deposited on the belts and the rest on the litter 

floor when hens had free access to the litter floor. Manure on the AV litter floor had to be 

removed separately, either mechanically or manually onto the manure belt.  With respect to 

natural resource use, the EC house had similar energy use and feed efficiency to the CC house. 

The AV house may need supplemental heat during cold days, and when coupled with lower AV 

feed efficiency, creates a larger carbon footprint than EC or CC, as feed supply accounts for 

approximately 80% of total carbon footprint in the egg-supply chain. In addition, more natural 

resources are needed per bird space in the construction of AV houses. 

Find more information at
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Cumulative hen mortality in the EC and CC was slightly lower than the 6% Lohmann LSL 

management reference, but double that percentage in the AV. Major mortality causes in all systems 

were hypocalcemia and egg yolk peritonitis. More AV hens died from being caught in the structure, 

vent cannibalized or excessively pecked. EC and AV systems offered hens more behavioral freedom 

than CC with the nesting area and perches generally well used. In the AV the litter was used for dust 

bathing, but the EC scratch pad was not well used for dust bathing or foraging and accumulated 

manure. Nest use by AV hens was variable, with a proportion of eggs laid in the enclosure or on the 

litter. Bone health/strength measures indicate EC hens had more keel abnormalities than CC hens, 

particularly during late lay. AV reared pullets had more keel bone damage at placement than those 

reared in CC, and keel breaks were more prevalent in the AV hens during lay. Pullets in the AV 

rearing system had better bone quality at placement in their tibiae and femurs than pullets reared 

in the CC rearing system; this good bone quality was maintained throughout the lay cycle. Bone 

quality in CC and EC was not as good, although it improved somewhat in EC during the lay cycle. 

Measures of stress overall did not indicate acute or chronic stress. EC hens had slightly less feather 

loss than CC hens, while the AV hens had the best feathering.  Feather cleanliness of EC and CC was 

similar, but AV hens had slightly dirtier feathers. EC hens had shorter claws and fewer foot 

problems (e.g. hyperkeratosis) than in CC, and no severe foot problems (e.g. bumblefoot). 

 Incidence of foot problems in AV was lowest, but those problems were more severe. Air 

temperatures in AV and EC were similar to CC, and the hens were never observed panting. Indoor 

air quality (dust and ammonia) for EC was similar to CC but worse in AV. However, there were no 

signs of hen health problems associated with poor air quality in any housing system.  Feed and 

water consumption by hens and body weights were similar across systems.

Animal Health & Well-Being

Find more information at
www2.sustainableeggcoalition.org
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Housing system type did not influence the rate of egg quality decline through 12 weeks of 

extended storage, and current U.S. egg quality standards/grades are adequate to describe 

eggs for all three of the housing systems. It is not uncommon for poultry to shed Salmonella 

spp. or other coliforms thus the prevalence (presence or absence) of Salmonella spp. and 

Campylobacter spp. were determined for every swab/egg shell pool collected from each 

system. Hens in all housing systems were shedding Salmonella spp. at a similar rate; the 

prevalence of Salmonella spp. on egg shells was very low and did not differ between housing 

systems. The AV had higher levels of environmental Campylobacter spp. recovery (drag 

swab). Salmonella spp. were detected at similar levels of prevalence in the EC and CC 

production environments however AV were more positive. The manure scraper had low 

levels of Campylobacter spp. recovery in all systems, but AV drag swabs and EC scratch pad 

swabs had high levels of Campylobacter spp. recovery. AV floor shells had the greatest levels 

of total aerobes and coliforms. Aerobic organisms were also elevated on AV nest box and 

system shells. Previous studies indicate total aerobe levels are greater on eggs produced in 

high dust environments. Eggs laid on litter (in AV only) have greater shell microbial levels 

than eggs laid on system wires or in nest boxes. Coliforms are indicators of fecal 

contamination which is linked to many human pathogens. In the EC system wire egg shell 

coliform levels were detected at levels similar to CC. The coliform level in AV nest box egg 

shells was similar to the EC. The coliform levels were low for all shell samples, excluding 

the AV floor shells, which had the highest levels of total coliforms.

*An infographic is not available for Food Safety and Quality.

Food Safety & Quality
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Research Results

Find more information at
www2.sustainableeggcoalition.org

The following summaries present the Coalition’s overall research findings for each 

sustainability area, along with infographics showing both positive and negative impacts. In 

these infographics, the Enriched Colony (EC) and Cage-Free Aviary (AV) systems are 

compared to a baseline of the Conventional Cage (CC) system. The CC system was chosen as 

the baseline because it is the system in which approximately 95 percent of the laying hens in 

the U.S. are housed, and because it is the system for which there was the most existing data 

prior to the CSES project being initiated. There is also an interactive version of these 

infographics that contains additional information about the sustainability tradeoffs, and 

which can be found on the CSES website at http://www2.sustainableeggcoalition.org/. 

The CSES researchers are aware that many egg producers are transitioning away from 

conventional cages as they install new systems. These summaries provide an overview of 

the sustainability tradeoffs that should be considered during this transition, and can assist 

in supporting informed decision-making. They should be evaluated in the context of the 

other final research materials, including the final research report and the peer-reviewed 

publications. They also represent a snapshot in time and particular conditions of 

management and housing design. As egg production systems continue to evolve, future 

research should focus on continuing to enhance the sustainability characteristics of those 

systems via advances in design and management. 
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Food Affordability
Feed for hens comprised the largest share of operating costs for each of the housing systems. Feed 

consumption per dozen eggs was similar across the systems, increasing somewhat over the life of 

the flock. Feed cost per dozen eggs produced in the AV was higher because production per hen 

placed in that system declined more over the life of the flock. The cost per dozen eggs for pullets 

placed in the AV were substantially higher than the other systems, due to higher rearing costs, 

higher hen mortality and lower production per hen in that system. The EC had higher weekly labor 

costs (per dozen eggs) than did the CC, though costs did not rise over the life of the flock as they 

did with the AV. An EC with more hens per house might be more efficient and reduce labor costs 

per dozen eggs produced. The labor costs per dozen eggs produced were highest in the AV, 

primarily due to greater labor costs for egg collection. Higher hen mortality and other hen health 

issues were also contributing factors. The EC had total capital costs per dozen eggs that were 107% 

higher than CC, largely the result of higher construction costs and fewer hens housed in 

comparison to CC. The AV had total capital costs per dozen eggs that were 179% higher than CC, 

largely the result of higher construction costs and fewer hens housed in comparison to CC. The EC 

had total operating costs per dozen eggs that were 4% higher than CC. Coupled with higher capital 

costs, EC had total costs per dozen eggs produced that were 13% higher than CC. The AV had total 

operating costs per dozen eggs that were 23% higher than the CC. Coupled with higher capital 

costs, the AV had total costs per dozen eggs produced that were 36% higher than the CC.

Find more information at
www2.sustainableeggcoalition.org
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Airborne particulate matter (PM) can make its way into workers’ airways, with smaller particles 

being deposited deep into the lungs. In the EC and CC houses, workers were exposed to 

significantly lower concentrations of airborne particles than when working in the AV house. 

Inhalable particle and PM 2.5 concentrations were higher in AV house due to the litter on the floor. 

The overall daily mean indoor ammonia concentration was well below the recommended limit of 

25 ppm for the CC (4.0 ppm), EC (2.8 ppm) and AV (6.7ppm). Ammonia concentrations only 

exceeded 25 ppm in the winter of Flock 1 in each house but for less than 10% of the work shift. In 

the AV there was worker exposure to significantly higher concentrations of endotoxin than in CC 

or EC.  High use of mask/respirator by workers, and similar concentrations of exposures in both CC 

and EC, was associated with similar cross-shift lung health outcomes. Average mask use was 

higher by workers in the AV protecting them from higher exposures and greater respiratory 

consequences. Ergonomic stressors assessed included force, repetition, and posture. Loading and 

unloading of cages in EC and CC systems required extreme body positions and significant twisting. 

Gathering floor eggs in AV required extreme body positions for extended periods and exposure to 

respiratory hazards. With respect to access, EC and CC systems posed significant hazards normally 

and at population/depopulation. EC workers stepped on the cage front instead of ladders to reach 

hens and worked from unapproved platforms and railings. There were no access issues in the AV. 

 During unloading, the cage modules were placed in the aisles blocking them in the event a rapid 

evacuation was needed, and AV workers placed themselves inside the wire enclosures and locked 

the doors behind them, reducing the ability for a rapid evacuation.

Worker Health & Safety

Find more information at
www2.sustainableeggcoalition.org
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Environment
Ammonia and particulate matter (PM) concentrations were significantly higher in the AV house 

than in the EC or CC house. PM concentrations were roughly 8-10 times higher in the AV than 

either the CC or EC.  PM emissions from the EC and CC house remained low and similar year-

round, whereas the AV house had 6-7 times more PM emissions than the other two types of 

housing. The higher AV PM levels and emissions were caused by hens’ behavioral activities on 

the litter floor.  Poor indoor air quality may lead to eye and respiratory tract irritation in workers 

and hens.  Farm-level ammonia emissions were lowest for the EC system, approximately half 

that of CC or AV, due to its lower stocking density and drier manure. Ammonia emissions from 

manure storage accounted for two-thirds of farm-level emissions. Greenhouse gas (GHG) 

emissions were low for all systems due to relatively dry manure. Manure removed from the EC 

house was drier and had a slightly higher nitrogen content than that removed from the CC or 

AV house. In the AV house, 77% of manure was deposited on the belts and the rest on the litter 

floor when hens had free access to the litter floor. Manure on the AV litter floor had to be 

removed separately, either mechanically or manually onto the manure belt.  With respect to 

natural resource use, the EC house had similar energy use and feed efficiency to the CC house. 

The AV house may need supplemental heat during cold days, and when coupled with lower AV 

feed efficiency, creates a larger carbon footprint than EC or CC, as feed supply accounts for 

approximately 80% of total carbon footprint in the egg-supply chain. In addition, more natural 

resources are needed per bird space in the construction of AV houses. 

Find more information at
www2.sustainableeggcoalition.org

COALITION FOR SUSTAINABLE EGG SUPPLY

Animal Health & Well-Being
COALITION FOR SUSTAINABLE EGG SUPPLY

Mortality

Behavior

Cannibalism/Aggression 

Tibia/Humerus Strength

Stress Physiology

Feather Condition

Foot Condition

Environmental Comfort 

Feeding and drinking

Keel Damage 

-4 -3 -2 -1

Exceptionally 
Worse

Substantially 
Worse

Worse Slightly 
Worse

+1 +2 +3 +4

Slightly
Better

Better Substantially 
Better

Exceptionally 
Better

0
IMPACT SCALE

Similar

E C

AV

E C

AV

E C

AV

E C

AV

EC

AV

EC

AV

EC

AV

AV

EC

AV

E C

AV

E C

NEGATIVE IMPACT POSITIVE IMPACTCC

Find more information at www2.sustainableeggcoalition.org

HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Cumulative hen mortality in the EC and CC was slightly lower than the 6% Lohmann LSL 

management reference, but double that percentage in the AV. Major mortality causes in all systems 

were hypocalcemia and egg yolk peritonitis. More AV hens died from being caught in the structure, 

vent cannibalized or excessively pecked. EC and AV systems offered hens more behavioral freedom 

than CC with the nesting area and perches generally well used. In the AV the litter was used for dust 

bathing, but the EC scratch pad was not well used for dust bathing or foraging and accumulated 

manure. Nest use by AV hens was variable, with a proportion of eggs laid in the enclosure or on the 

litter. Bone health/strength measures indicate EC hens had more keel abnormalities than CC hens, 

particularly during late lay. AV reared pullets had more keel bone damage at placement than those 

reared in CC, and keel breaks were more prevalent in the AV hens during lay. Pullets in the AV 

rearing system had better bone quality at placement in their tibiae and femurs than pullets reared 

in the CC rearing system; this good bone quality was maintained throughout the lay cycle. Bone 

quality in CC and EC was not as good, although it improved somewhat in EC during the lay cycle. 

Measures of stress overall did not indicate acute or chronic stress. EC hens had slightly less feather 

loss than CC hens, while the AV hens had the best feathering.  Feather cleanliness of EC and CC was 

similar, but AV hens had slightly dirtier feathers. EC hens had shorter claws and fewer foot 

problems (e.g. hyperkeratosis) than in CC, and no severe foot problems (e.g. bumblefoot). 

 Incidence of foot problems in AV was lowest, but those problems were more severe. Air 

temperatures in AV and EC were similar to CC, and the hens were never observed panting. Indoor 

air quality (dust and ammonia) for EC was similar to CC but worse in AV. However, there were no 

signs of hen health problems associated with poor air quality in any housing system.  Feed and 

water consumption by hens and body weights were similar across systems.

Animal Health & Well-Being

Find more information at
www2.sustainableeggcoalition.org

COALITION FOR SUSTAINABLE EGG SUPPLY

Housing system type did not influence the rate of egg quality decline through 12 weeks of 

extended storage, and current U.S. egg quality standards/grades are adequate to describe 

eggs for all three of the housing systems. It is not uncommon for poultry to shed Salmonella 

spp. or other coliforms thus the prevalence (presence or absence) of Salmonella spp. and 

Campylobacter spp. were determined for every swab/egg shell pool collected from each 

system. Hens in all housing systems were shedding Salmonella spp. at a similar rate; the 

prevalence of Salmonella spp. on egg shells was very low and did not differ between housing 

systems. The AV had higher levels of environmental Campylobacter spp. recovery (drag 

swab). Salmonella spp. were detected at similar levels of prevalence in the EC and CC 

production environments however AV were more positive. The manure scraper had low 

levels of Campylobacter spp. recovery in all systems, but AV drag swabs and EC scratch pad 

swabs had high levels of Campylobacter spp. recovery. AV floor shells had the greatest levels 

of total aerobes and coliforms. Aerobic organisms were also elevated on AV nest box and 

system shells. Previous studies indicate total aerobe levels are greater on eggs produced in 

high dust environments. Eggs laid on litter (in AV only) have greater shell microbial levels 

than eggs laid on system wires or in nest boxes. Coliforms are indicators of fecal 

contamination which is linked to many human pathogens. In the EC system wire egg shell 

coliform levels were detected at levels similar to CC. The coliform level in AV nest box egg 

shells was similar to the EC. The coliform levels were low for all shell samples, excluding 

the AV floor shells, which had the highest levels of total coliforms.

*An infographic is not available for Food Safety and Quality.

Food Safety & Quality
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Research Results
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The following summaries present the Coalition’s overall research findings for each 

sustainability area, along with infographics showing both positive and negative impacts. In 

these infographics, the Enriched Colony (EC) and Cage-Free Aviary (AV) systems are 

compared to a baseline of the Conventional Cage (CC) system. The CC system was chosen as 

the baseline because it is the system in which approximately 95 percent of the laying hens in 

the U.S. are housed, and because it is the system for which there was the most existing data 

prior to the CSES project being initiated. There is also an interactive version of these 

infographics that contains additional information about the sustainability tradeoffs, and 

which can be found on the CSES website at http://www2.sustainableeggcoalition.org/. 

The CSES researchers are aware that many egg producers are transitioning away from 

conventional cages as they install new systems. These summaries provide an overview of 

the sustainability tradeoffs that should be considered during this transition, and can assist 

in supporting informed decision-making. They should be evaluated in the context of the 

other final research materials, including the final research report and the peer-reviewed 

publications. They also represent a snapshot in time and particular conditions of 

management and housing design. As egg production systems continue to evolve, future 

research should focus on continuing to enhance the sustainability characteristics of those 

systems via advances in design and management. 
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Food Affordability
Feed for hens comprised the largest share of operating costs for each of the housing systems. Feed 

consumption per dozen eggs was similar across the systems, increasing somewhat over the life of 

the flock. Feed cost per dozen eggs produced in the AV was higher because production per hen 

placed in that system declined more over the life of the flock. The cost per dozen eggs for pullets 

placed in the AV were substantially higher than the other systems, due to higher rearing costs, 

higher hen mortality and lower production per hen in that system. The EC had higher weekly labor 

costs (per dozen eggs) than did the CC, though costs did not rise over the life of the flock as they 

did with the AV. An EC with more hens per house might be more efficient and reduce labor costs 

per dozen eggs produced. The labor costs per dozen eggs produced were highest in the AV, 

primarily due to greater labor costs for egg collection. Higher hen mortality and other hen health 

issues were also contributing factors. The EC had total capital costs per dozen eggs that were 107% 

higher than CC, largely the result of higher construction costs and fewer hens housed in 

comparison to CC. The AV had total capital costs per dozen eggs that were 179% higher than CC, 

largely the result of higher construction costs and fewer hens housed in comparison to CC. The EC 

had total operating costs per dozen eggs that were 4% higher than CC. Coupled with higher capital 

costs, EC had total costs per dozen eggs produced that were 13% higher than CC. The AV had total 

operating costs per dozen eggs that were 23% higher than the CC. Coupled with higher capital 

costs, the AV had total costs per dozen eggs produced that were 36% higher than the CC.

Find more information at
www2.sustainableeggcoalition.org
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Airborne particulate matter (PM) can make its way into workers’ airways, with smaller particles 

being deposited deep into the lungs. In the EC and CC houses, workers were exposed to 

significantly lower concentrations of airborne particles than when working in the AV house. 

Inhalable particle and PM 2.5 concentrations were higher in AV house due to the litter on the floor. 

The overall daily mean indoor ammonia concentration was well below the recommended limit of 

25 ppm for the CC (4.0 ppm), EC (2.8 ppm) and AV (6.7ppm). Ammonia concentrations only 

exceeded 25 ppm in the winter of Flock 1 in each house but for less than 10% of the work shift. In 

the AV there was worker exposure to significantly higher concentrations of endotoxin than in CC 

or EC.  High use of mask/respirator by workers, and similar concentrations of exposures in both CC 

and EC, was associated with similar cross-shift lung health outcomes. Average mask use was 

higher by workers in the AV protecting them from higher exposures and greater respiratory 

consequences. Ergonomic stressors assessed included force, repetition, and posture. Loading and 

unloading of cages in EC and CC systems required extreme body positions and significant twisting. 

Gathering floor eggs in AV required extreme body positions for extended periods and exposure to 

respiratory hazards. With respect to access, EC and CC systems posed significant hazards normally 

and at population/depopulation. EC workers stepped on the cage front instead of ladders to reach 

hens and worked from unapproved platforms and railings. There were no access issues in the AV. 

 During unloading, the cage modules were placed in the aisles blocking them in the event a rapid 

evacuation was needed, and AV workers placed themselves inside the wire enclosures and locked 

the doors behind them, reducing the ability for a rapid evacuation.

Worker Health & Safety

Find more information at
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Environment
Ammonia and particulate matter (PM) concentrations were significantly higher in the AV house 

than in the EC or CC house. PM concentrations were roughly 8-10 times higher in the AV than 

either the CC or EC.  PM emissions from the EC and CC house remained low and similar year-

round, whereas the AV house had 6-7 times more PM emissions than the other two types of 

housing. The higher AV PM levels and emissions were caused by hens’ behavioral activities on 

the litter floor.  Poor indoor air quality may lead to eye and respiratory tract irritation in workers 

and hens.  Farm-level ammonia emissions were lowest for the EC system, approximately half 

that of CC or AV, due to its lower stocking density and drier manure. Ammonia emissions from 

manure storage accounted for two-thirds of farm-level emissions. Greenhouse gas (GHG) 

emissions were low for all systems due to relatively dry manure. Manure removed from the EC 

house was drier and had a slightly higher nitrogen content than that removed from the CC or 

AV house. In the AV house, 77% of manure was deposited on the belts and the rest on the litter 

floor when hens had free access to the litter floor. Manure on the AV litter floor had to be 

removed separately, either mechanically or manually onto the manure belt.  With respect to 

natural resource use, the EC house had similar energy use and feed efficiency to the CC house. 

The AV house may need supplemental heat during cold days, and when coupled with lower AV 

feed efficiency, creates a larger carbon footprint than EC or CC, as feed supply accounts for 

approximately 80% of total carbon footprint in the egg-supply chain. In addition, more natural 

resources are needed per bird space in the construction of AV houses. 

Find more information at
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Cumulative hen mortality in the EC and CC was slightly lower than the 6% Lohmann LSL 

management reference, but double that percentage in the AV. Major mortality causes in all systems 

were hypocalcemia and egg yolk peritonitis. More AV hens died from being caught in the structure, 

vent cannibalized or excessively pecked. EC and AV systems offered hens more behavioral freedom 

than CC with the nesting area and perches generally well used. In the AV the litter was used for dust 

bathing, but the EC scratch pad was not well used for dust bathing or foraging and accumulated 

manure. Nest use by AV hens was variable, with a proportion of eggs laid in the enclosure or on the 

litter. Bone health/strength measures indicate EC hens had more keel abnormalities than CC hens, 

particularly during late lay. AV reared pullets had more keel bone damage at placement than those 

reared in CC, and keel breaks were more prevalent in the AV hens during lay. Pullets in the AV 

rearing system had better bone quality at placement in their tibiae and femurs than pullets reared 

in the CC rearing system; this good bone quality was maintained throughout the lay cycle. Bone 

quality in CC and EC was not as good, although it improved somewhat in EC during the lay cycle. 

Measures of stress overall did not indicate acute or chronic stress. EC hens had slightly less feather 

loss than CC hens, while the AV hens had the best feathering.  Feather cleanliness of EC and CC was 

similar, but AV hens had slightly dirtier feathers. EC hens had shorter claws and fewer foot 

problems (e.g. hyperkeratosis) than in CC, and no severe foot problems (e.g. bumblefoot). 

 Incidence of foot problems in AV was lowest, but those problems were more severe. Air 

temperatures in AV and EC were similar to CC, and the hens were never observed panting. Indoor 

air quality (dust and ammonia) for EC was similar to CC but worse in AV. However, there were no 

signs of hen health problems associated with poor air quality in any housing system.  Feed and 

water consumption by hens and body weights were similar across systems.

Animal Health & Well-Being

Find more information at
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Housing system type did not influence the rate of egg quality decline through 12 weeks of 

extended storage, and current U.S. egg quality standards/grades are adequate to describe 

eggs for all three of the housing systems. It is not uncommon for poultry to shed Salmonella 

spp. or other coliforms thus the prevalence (presence or absence) of Salmonella spp. and 

Campylobacter spp. were determined for every swab/egg shell pool collected from each 

system. Hens in all housing systems were shedding Salmonella spp. at a similar rate; the 

prevalence of Salmonella spp. on egg shells was very low and did not differ between housing 

systems. The AV had higher levels of environmental Campylobacter spp. recovery (drag 

swab). Salmonella spp. were detected at similar levels of prevalence in the EC and CC 

production environments however AV were more positive. The manure scraper had low 

levels of Campylobacter spp. recovery in all systems, but AV drag swabs and EC scratch pad 

swabs had high levels of Campylobacter spp. recovery. AV floor shells had the greatest levels 

of total aerobes and coliforms. Aerobic organisms were also elevated on AV nest box and 

system shells. Previous studies indicate total aerobe levels are greater on eggs produced in 

high dust environments. Eggs laid on litter (in AV only) have greater shell microbial levels 

than eggs laid on system wires or in nest boxes. Coliforms are indicators of fecal 

contamination which is linked to many human pathogens. In the EC system wire egg shell 

coliform levels were detected at levels similar to CC. The coliform level in AV nest box egg 

shells was similar to the EC. The coliform levels were low for all shell samples, excluding 

the AV floor shells, which had the highest levels of total coliforms.

*An infographic is not available for Food Safety and Quality.
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Research Results
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The following summaries present the Coalition’s overall research findings for each 

sustainability area, along with infographics showing both positive and negative impacts. In 

these infographics, the Enriched Colony (EC) and Cage-Free Aviary (AV) systems are 

compared to a baseline of the Conventional Cage (CC) system. The CC system was chosen as 

the baseline because it is the system in which approximately 95 percent of the laying hens in 

the U.S. are housed, and because it is the system for which there was the most existing data 

prior to the CSES project being initiated. There is also an interactive version of these 

infographics that contains additional information about the sustainability tradeoffs, and 

which can be found on the CSES website at http://www2.sustainableeggcoalition.org/. 

The CSES researchers are aware that many egg producers are transitioning away from 

conventional cages as they install new systems. These summaries provide an overview of 

the sustainability tradeoffs that should be considered during this transition, and can assist 

in supporting informed decision-making. They should be evaluated in the context of the 

other final research materials, including the final research report and the peer-reviewed 

publications. They also represent a snapshot in time and particular conditions of 

management and housing design. As egg production systems continue to evolve, future 

research should focus on continuing to enhance the sustainability characteristics of those 

systems via advances in design and management. 
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Food Affordability
Feed for hens comprised the largest share of operating costs for each of the housing systems. Feed 

consumption per dozen eggs was similar across the systems, increasing somewhat over the life of 

the flock. Feed cost per dozen eggs produced in the AV was higher because production per hen 

placed in that system declined more over the life of the flock. The cost per dozen eggs for pullets 

placed in the AV were substantially higher than the other systems, due to higher rearing costs, 

higher hen mortality and lower production per hen in that system. The EC had higher weekly labor 

costs (per dozen eggs) than did the CC, though costs did not rise over the life of the flock as they 

did with the AV. An EC with more hens per house might be more efficient and reduce labor costs 

per dozen eggs produced. The labor costs per dozen eggs produced were highest in the AV, 

primarily due to greater labor costs for egg collection. Higher hen mortality and other hen health 

issues were also contributing factors. The EC had total capital costs per dozen eggs that were 107% 

higher than CC, largely the result of higher construction costs and fewer hens housed in 

comparison to CC. The AV had total capital costs per dozen eggs that were 179% higher than CC, 

largely the result of higher construction costs and fewer hens housed in comparison to CC. The EC 

had total operating costs per dozen eggs that were 4% higher than CC. Coupled with higher capital 

costs, EC had total costs per dozen eggs produced that were 13% higher than CC. The AV had total 

operating costs per dozen eggs that were 23% higher than the CC. Coupled with higher capital 

costs, the AV had total costs per dozen eggs produced that were 36% higher than the CC.

Find more information at
www2.sustainableeggcoalition.org
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Airborne particulate matter (PM) can make its way into workers’ airways, with smaller particles 

being deposited deep into the lungs. In the EC and CC houses, workers were exposed to 

significantly lower concentrations of airborne particles than when working in the AV house. 

Inhalable particle and PM 2.5 concentrations were higher in AV house due to the litter on the floor. 

The overall daily mean indoor ammonia concentration was well below the recommended limit of 

25 ppm for the CC (4.0 ppm), EC (2.8 ppm) and AV (6.7ppm). Ammonia concentrations only 

exceeded 25 ppm in the winter of Flock 1 in each house but for less than 10% of the work shift. In 

the AV there was worker exposure to significantly higher concentrations of endotoxin than in CC 

or EC.  High use of mask/respirator by workers, and similar concentrations of exposures in both CC 

and EC, was associated with similar cross-shift lung health outcomes. Average mask use was 

higher by workers in the AV protecting them from higher exposures and greater respiratory 

consequences. Ergonomic stressors assessed included force, repetition, and posture. Loading and 

unloading of cages in EC and CC systems required extreme body positions and significant twisting. 

Gathering floor eggs in AV required extreme body positions for extended periods and exposure to 

respiratory hazards. With respect to access, EC and CC systems posed significant hazards normally 

and at population/depopulation. EC workers stepped on the cage front instead of ladders to reach 

hens and worked from unapproved platforms and railings. There were no access issues in the AV. 

 During unloading, the cage modules were placed in the aisles blocking them in the event a rapid 

evacuation was needed, and AV workers placed themselves inside the wire enclosures and locked 

the doors behind them, reducing the ability for a rapid evacuation.

Worker Health & Safety

Find more information at
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Environment
Ammonia and particulate matter (PM) concentrations were significantly higher in the AV house 

than in the EC or CC house. PM concentrations were roughly 8-10 times higher in the AV than 

either the CC or EC.  PM emissions from the EC and CC house remained low and similar year-

round, whereas the AV house had 6-7 times more PM emissions than the other two types of 

housing. The higher AV PM levels and emissions were caused by hens’ behavioral activities on 

the litter floor.  Poor indoor air quality may lead to eye and respiratory tract irritation in workers 

and hens.  Farm-level ammonia emissions were lowest for the EC system, approximately half 

that of CC or AV, due to its lower stocking density and drier manure. Ammonia emissions from 

manure storage accounted for two-thirds of farm-level emissions. Greenhouse gas (GHG) 

emissions were low for all systems due to relatively dry manure. Manure removed from the EC 

house was drier and had a slightly higher nitrogen content than that removed from the CC or 

AV house. In the AV house, 77% of manure was deposited on the belts and the rest on the litter 

floor when hens had free access to the litter floor. Manure on the AV litter floor had to be 

removed separately, either mechanically or manually onto the manure belt.  With respect to 

natural resource use, the EC house had similar energy use and feed efficiency to the CC house. 

The AV house may need supplemental heat during cold days, and when coupled with lower AV 

feed efficiency, creates a larger carbon footprint than EC or CC, as feed supply accounts for 

approximately 80% of total carbon footprint in the egg-supply chain. In addition, more natural 

resources are needed per bird space in the construction of AV houses. 

Find more information at
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Cumulative hen mortality in the EC and CC was slightly lower than the 6% Lohmann LSL 

management reference, but double that percentage in the AV. Major mortality causes in all systems 

were hypocalcemia and egg yolk peritonitis. More AV hens died from being caught in the structure, 

vent cannibalized or excessively pecked. EC and AV systems offered hens more behavioral freedom 

than CC with the nesting area and perches generally well used. In the AV the litter was used for dust 

bathing, but the EC scratch pad was not well used for dust bathing or foraging and accumulated 

manure. Nest use by AV hens was variable, with a proportion of eggs laid in the enclosure or on the 

litter. Bone health/strength measures indicate EC hens had more keel abnormalities than CC hens, 

particularly during late lay. AV reared pullets had more keel bone damage at placement than those 

reared in CC, and keel breaks were more prevalent in the AV hens during lay. Pullets in the AV 

rearing system had better bone quality at placement in their tibiae and femurs than pullets reared 

in the CC rearing system; this good bone quality was maintained throughout the lay cycle. Bone 

quality in CC and EC was not as good, although it improved somewhat in EC during the lay cycle. 

Measures of stress overall did not indicate acute or chronic stress. EC hens had slightly less feather 

loss than CC hens, while the AV hens had the best feathering.  Feather cleanliness of EC and CC was 

similar, but AV hens had slightly dirtier feathers. EC hens had shorter claws and fewer foot 

problems (e.g. hyperkeratosis) than in CC, and no severe foot problems (e.g. bumblefoot). 

 Incidence of foot problems in AV was lowest, but those problems were more severe. Air 

temperatures in AV and EC were similar to CC, and the hens were never observed panting. Indoor 

air quality (dust and ammonia) for EC was similar to CC but worse in AV. However, there were no 

signs of hen health problems associated with poor air quality in any housing system.  Feed and 

water consumption by hens and body weights were similar across systems.

Animal Health & Well-Being

Find more information at
www2.sustainableeggcoalition.org
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Housing system type did not influence the rate of egg quality decline through 12 weeks of 

extended storage, and current U.S. egg quality standards/grades are adequate to describe 

eggs for all three of the housing systems. It is not uncommon for poultry to shed Salmonella 

spp. or other coliforms thus the prevalence (presence or absence) of Salmonella spp. and 

Campylobacter spp. were determined for every swab/egg shell pool collected from each 

system. Hens in all housing systems were shedding Salmonella spp. at a similar rate; the 

prevalence of Salmonella spp. on egg shells was very low and did not differ between housing 

systems. The AV had higher levels of environmental Campylobacter spp. recovery (drag 

swab). Salmonella spp. were detected at similar levels of prevalence in the EC and CC 

production environments however AV were more positive. The manure scraper had low 

levels of Campylobacter spp. recovery in all systems, but AV drag swabs and EC scratch pad 

swabs had high levels of Campylobacter spp. recovery. AV floor shells had the greatest levels 

of total aerobes and coliforms. Aerobic organisms were also elevated on AV nest box and 

system shells. Previous studies indicate total aerobe levels are greater on eggs produced in 

high dust environments. Eggs laid on litter (in AV only) have greater shell microbial levels 

than eggs laid on system wires or in nest boxes. Coliforms are indicators of fecal 

contamination which is linked to many human pathogens. In the EC system wire egg shell 

coliform levels were detected at levels similar to CC. The coliform level in AV nest box egg 

shells was similar to the EC. The coliform levels were low for all shell samples, excluding 

the AV floor shells, which had the highest levels of total coliforms.

*An infographic is not available for Food Safety and Quality.
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Research Results
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The following summaries present the Coalition’s overall research findings for each 

sustainability area, along with infographics showing both positive and negative impacts. In 

these infographics, the Enriched Colony (EC) and Cage-Free Aviary (AV) systems are 

compared to a baseline of the Conventional Cage (CC) system. The CC system was chosen as 

the baseline because it is the system in which approximately 95 percent of the laying hens in 

the U.S. are housed, and because it is the system for which there was the most existing data 

prior to the CSES project being initiated. There is also an interactive version of these 

infographics that contains additional information about the sustainability tradeoffs, and 

which can be found on the CSES website at http://www2.sustainableeggcoalition.org/. 

The CSES researchers are aware that many egg producers are transitioning away from 

conventional cages as they install new systems. These summaries provide an overview of 

the sustainability tradeoffs that should be considered during this transition, and can assist 

in supporting informed decision-making. They should be evaluated in the context of the 

other final research materials, including the final research report and the peer-reviewed 

publications. They also represent a snapshot in time and particular conditions of 

management and housing design. As egg production systems continue to evolve, future 

research should focus on continuing to enhance the sustainability characteristics of those 

systems via advances in design and management. 
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Food Affordability
Feed for hens comprised the largest share of operating costs for each of the housing systems. Feed 

consumption per dozen eggs was similar across the systems, increasing somewhat over the life of 

the flock. Feed cost per dozen eggs produced in the AV was higher because production per hen 

placed in that system declined more over the life of the flock. The cost per dozen eggs for pullets 

placed in the AV were substantially higher than the other systems, due to higher rearing costs, 

higher hen mortality and lower production per hen in that system. The EC had higher weekly labor 

costs (per dozen eggs) than did the CC, though costs did not rise over the life of the flock as they 

did with the AV. An EC with more hens per house might be more efficient and reduce labor costs 

per dozen eggs produced. The labor costs per dozen eggs produced were highest in the AV, 

primarily due to greater labor costs for egg collection. Higher hen mortality and other hen health 

issues were also contributing factors. The EC had total capital costs per dozen eggs that were 107% 

higher than CC, largely the result of higher construction costs and fewer hens housed in 

comparison to CC. The AV had total capital costs per dozen eggs that were 179% higher than CC, 

largely the result of higher construction costs and fewer hens housed in comparison to CC. The EC 

had total operating costs per dozen eggs that were 4% higher than CC. Coupled with higher capital 

costs, EC had total costs per dozen eggs produced that were 13% higher than CC. The AV had total 

operating costs per dozen eggs that were 23% higher than the CC. Coupled with higher capital 

costs, the AV had total costs per dozen eggs produced that were 36% higher than the CC.

Find more information at
www2.sustainableeggcoalition.org
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Airborne particulate matter (PM) can make its way into workers’ airways, with smaller particles 

being deposited deep into the lungs. In the EC and CC houses, workers were exposed to 

significantly lower concentrations of airborne particles than when working in the AV house. 

Inhalable particle and PM 2.5 concentrations were higher in AV house due to the litter on the floor. 

The overall daily mean indoor ammonia concentration was well below the recommended limit of 

25 ppm for the CC (4.0 ppm), EC (2.8 ppm) and AV (6.7ppm). Ammonia concentrations only 

exceeded 25 ppm in the winter of Flock 1 in each house but for less than 10% of the work shift. In 

the AV there was worker exposure to significantly higher concentrations of endotoxin than in CC 

or EC.  High use of mask/respirator by workers, and similar concentrations of exposures in both CC 

and EC, was associated with similar cross-shift lung health outcomes. Average mask use was 

higher by workers in the AV protecting them from higher exposures and greater respiratory 

consequences. Ergonomic stressors assessed included force, repetition, and posture. Loading and 

unloading of cages in EC and CC systems required extreme body positions and significant twisting. 

Gathering floor eggs in AV required extreme body positions for extended periods and exposure to 

respiratory hazards. With respect to access, EC and CC systems posed significant hazards normally 

and at population/depopulation. EC workers stepped on the cage front instead of ladders to reach 

hens and worked from unapproved platforms and railings. There were no access issues in the AV. 

 During unloading, the cage modules were placed in the aisles blocking them in the event a rapid 

evacuation was needed, and AV workers placed themselves inside the wire enclosures and locked 

the doors behind them, reducing the ability for a rapid evacuation.

Worker Health & Safety
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Environment
Ammonia and particulate matter (PM) concentrations were significantly higher in the AV house 

than in the EC or CC house. PM concentrations were roughly 8-10 times higher in the AV than 

either the CC or EC.  PM emissions from the EC and CC house remained low and similar year-

round, whereas the AV house had 6-7 times more PM emissions than the other two types of 

housing. The higher AV PM levels and emissions were caused by hens’ behavioral activities on 

the litter floor.  Poor indoor air quality may lead to eye and respiratory tract irritation in workers 

and hens.  Farm-level ammonia emissions were lowest for the EC system, approximately half 

that of CC or AV, due to its lower stocking density and drier manure. Ammonia emissions from 

manure storage accounted for two-thirds of farm-level emissions. Greenhouse gas (GHG) 

emissions were low for all systems due to relatively dry manure. Manure removed from the EC 

house was drier and had a slightly higher nitrogen content than that removed from the CC or 

AV house. In the AV house, 77% of manure was deposited on the belts and the rest on the litter 

floor when hens had free access to the litter floor. Manure on the AV litter floor had to be 

removed separately, either mechanically or manually onto the manure belt.  With respect to 

natural resource use, the EC house had similar energy use and feed efficiency to the CC house. 

The AV house may need supplemental heat during cold days, and when coupled with lower AV 

feed efficiency, creates a larger carbon footprint than EC or CC, as feed supply accounts for 

approximately 80% of total carbon footprint in the egg-supply chain. In addition, more natural 

resources are needed per bird space in the construction of AV houses. 

Find more information at
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Cumulative hen mortality in the EC and CC was slightly lower than the 6% Lohmann LSL 

management reference, but double that percentage in the AV. Major mortality causes in all systems 

were hypocalcemia and egg yolk peritonitis. More AV hens died from being caught in the structure, 

vent cannibalized or excessively pecked. EC and AV systems offered hens more behavioral freedom 

than CC with the nesting area and perches generally well used. In the AV the litter was used for dust 

bathing, but the EC scratch pad was not well used for dust bathing or foraging and accumulated 

manure. Nest use by AV hens was variable, with a proportion of eggs laid in the enclosure or on the 

litter. Bone health/strength measures indicate EC hens had more keel abnormalities than CC hens, 

particularly during late lay. AV reared pullets had more keel bone damage at placement than those 

reared in CC, and keel breaks were more prevalent in the AV hens during lay. Pullets in the AV 

rearing system had better bone quality at placement in their tibiae and femurs than pullets reared 

in the CC rearing system; this good bone quality was maintained throughout the lay cycle. Bone 

quality in CC and EC was not as good, although it improved somewhat in EC during the lay cycle. 

Measures of stress overall did not indicate acute or chronic stress. EC hens had slightly less feather 

loss than CC hens, while the AV hens had the best feathering.  Feather cleanliness of EC and CC was 

similar, but AV hens had slightly dirtier feathers. EC hens had shorter claws and fewer foot 

problems (e.g. hyperkeratosis) than in CC, and no severe foot problems (e.g. bumblefoot). 

 Incidence of foot problems in AV was lowest, but those problems were more severe. Air 

temperatures in AV and EC were similar to CC, and the hens were never observed panting. Indoor 

air quality (dust and ammonia) for EC was similar to CC but worse in AV. However, there were no 

signs of hen health problems associated with poor air quality in any housing system.  Feed and 

water consumption by hens and body weights were similar across systems.

Animal Health & Well-Being
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Housing system type did not influence the rate of egg quality decline through 12 weeks of 

extended storage, and current U.S. egg quality standards/grades are adequate to describe 

eggs for all three of the housing systems. It is not uncommon for poultry to shed Salmonella 

spp. or other coliforms thus the prevalence (presence or absence) of Salmonella spp. and 

Campylobacter spp. were determined for every swab/egg shell pool collected from each 

system. Hens in all housing systems were shedding Salmonella spp. at a similar rate; the 

prevalence of Salmonella spp. on egg shells was very low and did not differ between housing 

systems. The AV had higher levels of environmental Campylobacter spp. recovery (drag 

swab). Salmonella spp. were detected at similar levels of prevalence in the EC and CC 

production environments however AV were more positive. The manure scraper had low 

levels of Campylobacter spp. recovery in all systems, but AV drag swabs and EC scratch pad 

swabs had high levels of Campylobacter spp. recovery. AV floor shells had the greatest levels 

of total aerobes and coliforms. Aerobic organisms were also elevated on AV nest box and 

system shells. Previous studies indicate total aerobe levels are greater on eggs produced in 

high dust environments. Eggs laid on litter (in AV only) have greater shell microbial levels 

than eggs laid on system wires or in nest boxes. Coliforms are indicators of fecal 

contamination which is linked to many human pathogens. In the EC system wire egg shell 

coliform levels were detected at levels similar to CC. The coliform level in AV nest box egg 

shells was similar to the EC. The coliform levels were low for all shell samples, excluding 

the AV floor shells, which had the highest levels of total coliforms.

*An infographic is not available for Food Safety and Quality.
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The following summaries present the Coalition’s overall research findings for each 

sustainability area, along with infographics showing both positive and negative impacts. In 

these infographics, the Enriched Colony (EC) and Cage-Free Aviary (AV) systems are 

compared to a baseline of the Conventional Cage (CC) system. The CC system was chosen as 

the baseline because it is the system in which approximately 95 percent of the laying hens in 

the U.S. are housed, and because it is the system for which there was the most existing data 

prior to the CSES project being initiated. There is also an interactive version of these 

infographics that contains additional information about the sustainability tradeoffs, and 

which can be found on the CSES website at http://www2.sustainableeggcoalition.org/. 

The CSES researchers are aware that many egg producers are transitioning away from 

conventional cages as they install new systems. These summaries provide an overview of 

the sustainability tradeoffs that should be considered during this transition, and can assist 

in supporting informed decision-making. They should be evaluated in the context of the 

other final research materials, including the final research report and the peer-reviewed 

publications. They also represent a snapshot in time and particular conditions of 

management and housing design. As egg production systems continue to evolve, future 

research should focus on continuing to enhance the sustainability characteristics of those 

systems via advances in design and management. 
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Food Affordability
Feed for hens comprised the largest share of operating costs for each of the housing systems. Feed 

consumption per dozen eggs was similar across the systems, increasing somewhat over the life of 

the flock. Feed cost per dozen eggs produced in the AV was higher because production per hen 

placed in that system declined more over the life of the flock. The cost per dozen eggs for pullets 

placed in the AV were substantially higher than the other systems, due to higher rearing costs, 

higher hen mortality and lower production per hen in that system. The EC had higher weekly labor 

costs (per dozen eggs) than did the CC, though costs did not rise over the life of the flock as they 

did with the AV. An EC with more hens per house might be more efficient and reduce labor costs 

per dozen eggs produced. The labor costs per dozen eggs produced were highest in the AV, 

primarily due to greater labor costs for egg collection. Higher hen mortality and other hen health 

issues were also contributing factors. The EC had total capital costs per dozen eggs that were 107% 

higher than CC, largely the result of higher construction costs and fewer hens housed in 

comparison to CC. The AV had total capital costs per dozen eggs that were 179% higher than CC, 

largely the result of higher construction costs and fewer hens housed in comparison to CC. The EC 

had total operating costs per dozen eggs that were 4% higher than CC. Coupled with higher capital 

costs, EC had total costs per dozen eggs produced that were 13% higher than CC. The AV had total 

operating costs per dozen eggs that were 23% higher than the CC. Coupled with higher capital 

costs, the AV had total costs per dozen eggs produced that were 36% higher than the CC.

Find more information at
www2.sustainableeggcoalition.org
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Airborne particulate matter (PM) can make its way into workers’ airways, with smaller particles 

being deposited deep into the lungs. In the EC and CC houses, workers were exposed to 

significantly lower concentrations of airborne particles than when working in the AV house. 

Inhalable particle and PM 2.5 concentrations were higher in AV house due to the litter on the floor. 

The overall daily mean indoor ammonia concentration was well below the recommended limit of 

25 ppm for the CC (4.0 ppm), EC (2.8 ppm) and AV (6.7ppm). Ammonia concentrations only 

exceeded 25 ppm in the winter of Flock 1 in each house but for less than 10% of the work shift. In 

the AV there was worker exposure to significantly higher concentrations of endotoxin than in CC 

or EC.  High use of mask/respirator by workers, and similar concentrations of exposures in both CC 

and EC, was associated with similar cross-shift lung health outcomes. Average mask use was 

higher by workers in the AV protecting them from higher exposures and greater respiratory 

consequences. Ergonomic stressors assessed included force, repetition, and posture. Loading and 

unloading of cages in EC and CC systems required extreme body positions and significant twisting. 

Gathering floor eggs in AV required extreme body positions for extended periods and exposure to 

respiratory hazards. With respect to access, EC and CC systems posed significant hazards normally 

and at population/depopulation. EC workers stepped on the cage front instead of ladders to reach 

hens and worked from unapproved platforms and railings. There were no access issues in the AV. 

 During unloading, the cage modules were placed in the aisles blocking them in the event a rapid 

evacuation was needed, and AV workers placed themselves inside the wire enclosures and locked 

the doors behind them, reducing the ability for a rapid evacuation.

Worker Health & Safety

Find more information at
www2.sustainableeggcoalition.org
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Environment
Ammonia and particulate matter (PM) concentrations were significantly higher in the AV house 

than in the EC or CC house. PM concentrations were roughly 8-10 times higher in the AV than 

either the CC or EC.  PM emissions from the EC and CC house remained low and similar year-

round, whereas the AV house had 6-7 times more PM emissions than the other two types of 

housing. The higher AV PM levels and emissions were caused by hens’ behavioral activities on 

the litter floor.  Poor indoor air quality may lead to eye and respiratory tract irritation in workers 

and hens.  Farm-level ammonia emissions were lowest for the EC system, approximately half 

that of CC or AV, due to its lower stocking density and drier manure. Ammonia emissions from 

manure storage accounted for two-thirds of farm-level emissions. Greenhouse gas (GHG) 

emissions were low for all systems due to relatively dry manure. Manure removed from the EC 

house was drier and had a slightly higher nitrogen content than that removed from the CC or 

AV house. In the AV house, 77% of manure was deposited on the belts and the rest on the litter 

floor when hens had free access to the litter floor. Manure on the AV litter floor had to be 

removed separately, either mechanically or manually onto the manure belt.  With respect to 

natural resource use, the EC house had similar energy use and feed efficiency to the CC house. 

The AV house may need supplemental heat during cold days, and when coupled with lower AV 

feed efficiency, creates a larger carbon footprint than EC or CC, as feed supply accounts for 

approximately 80% of total carbon footprint in the egg-supply chain. In addition, more natural 

resources are needed per bird space in the construction of AV houses. 

Find more information at
www2.sustainableeggcoalition.org
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Cumulative hen mortality in the EC and CC was slightly lower than the 6% Lohmann LSL 

management reference, but double that percentage in the AV. Major mortality causes in all systems 

were hypocalcemia and egg yolk peritonitis. More AV hens died from being caught in the structure, 

vent cannibalized or excessively pecked. EC and AV systems offered hens more behavioral freedom 

than CC with the nesting area and perches generally well used. In the AV the litter was used for dust 

bathing, but the EC scratch pad was not well used for dust bathing or foraging and accumulated 

manure. Nest use by AV hens was variable, with a proportion of eggs laid in the enclosure or on the 

litter. Bone health/strength measures indicate EC hens had more keel abnormalities than CC hens, 

particularly during late lay. AV reared pullets had more keel bone damage at placement than those 

reared in CC, and keel breaks were more prevalent in the AV hens during lay. Pullets in the AV 

rearing system had better bone quality at placement in their tibiae and femurs than pullets reared 

in the CC rearing system; this good bone quality was maintained throughout the lay cycle. Bone 

quality in CC and EC was not as good, although it improved somewhat in EC during the lay cycle. 

Measures of stress overall did not indicate acute or chronic stress. EC hens had slightly less feather 

loss than CC hens, while the AV hens had the best feathering.  Feather cleanliness of EC and CC was 

similar, but AV hens had slightly dirtier feathers. EC hens had shorter claws and fewer foot 

problems (e.g. hyperkeratosis) than in CC, and no severe foot problems (e.g. bumblefoot). 

 Incidence of foot problems in AV was lowest, but those problems were more severe. Air 

temperatures in AV and EC were similar to CC, and the hens were never observed panting. Indoor 

air quality (dust and ammonia) for EC was similar to CC but worse in AV. However, there were no 

signs of hen health problems associated with poor air quality in any housing system.  Feed and 

water consumption by hens and body weights were similar across systems.

Animal Health & Well-Being

Find more information at
www2.sustainableeggcoalition.org
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Housing system type did not influence the rate of egg quality decline through 12 weeks of 

extended storage, and current U.S. egg quality standards/grades are adequate to describe 

eggs for all three of the housing systems. It is not uncommon for poultry to shed Salmonella 

spp. or other coliforms thus the prevalence (presence or absence) of Salmonella spp. and 

Campylobacter spp. were determined for every swab/egg shell pool collected from each 

system. Hens in all housing systems were shedding Salmonella spp. at a similar rate; the 

prevalence of Salmonella spp. on egg shells was very low and did not differ between housing 

systems. The AV had higher levels of environmental Campylobacter spp. recovery (drag 

swab). Salmonella spp. were detected at similar levels of prevalence in the EC and CC 

production environments however AV were more positive. The manure scraper had low 

levels of Campylobacter spp. recovery in all systems, but AV drag swabs and EC scratch pad 

swabs had high levels of Campylobacter spp. recovery. AV floor shells had the greatest levels 

of total aerobes and coliforms. Aerobic organisms were also elevated on AV nest box and 

system shells. Previous studies indicate total aerobe levels are greater on eggs produced in 

high dust environments. Eggs laid on litter (in AV only) have greater shell microbial levels 

than eggs laid on system wires or in nest boxes. Coliforms are indicators of fecal 

contamination which is linked to many human pathogens. In the EC system wire egg shell 

coliform levels were detected at levels similar to CC. The coliform level in AV nest box egg 

shells was similar to the EC. The coliform levels were low for all shell samples, excluding 

the AV floor shells, which had the highest levels of total coliforms.

*An infographic is not available for Food Safety and Quality.

Food Safety & Quality

Find more information at
www2.sustainableeggcoalition.org

COALITION FOR SUSTAINABLE EGG SUPPLY

COALITION FOR SUSTAINABLE EGG SUPPLY

Research Results

Find more information at
www2.sustainableeggcoalition.org

The following summaries present the Coalition’s overall research findings for each 

sustainability area, along with infographics showing both positive and negative impacts. In 

these infographics, the Enriched Colony (EC) and Cage-Free Aviary (AV) systems are 

compared to a baseline of the Conventional Cage (CC) system. The CC system was chosen as 

the baseline because it is the system in which approximately 95 percent of the laying hens in 

the U.S. are housed, and because it is the system for which there was the most existing data 

prior to the CSES project being initiated. There is also an interactive version of these 

infographics that contains additional information about the sustainability tradeoffs, and 

which can be found on the CSES website at http://www2.sustainableeggcoalition.org/. 

The CSES researchers are aware that many egg producers are transitioning away from 

conventional cages as they install new systems. These summaries provide an overview of 

the sustainability tradeoffs that should be considered during this transition, and can assist 

in supporting informed decision-making. They should be evaluated in the context of the 

other final research materials, including the final research report and the peer-reviewed 

publications. They also represent a snapshot in time and particular conditions of 

management and housing design. As egg production systems continue to evolve, future 

research should focus on continuing to enhance the sustainability characteristics of those 

systems via advances in design and management. 
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Food Affordability
Feed for hens comprised the largest share of operating costs for each of the housing systems. Feed 

consumption per dozen eggs was similar across the systems, increasing somewhat over the life of 

the flock. Feed cost per dozen eggs produced in the AV was higher because production per hen 

placed in that system declined more over the life of the flock. The cost per dozen eggs for pullets 

placed in the AV were substantially higher than the other systems, due to higher rearing costs, 

higher hen mortality and lower production per hen in that system. The EC had higher weekly labor 

costs (per dozen eggs) than did the CC, though costs did not rise over the life of the flock as they 

did with the AV. An EC with more hens per house might be more efficient and reduce labor costs 

per dozen eggs produced. The labor costs per dozen eggs produced were highest in the AV, 

primarily due to greater labor costs for egg collection. Higher hen mortality and other hen health 

issues were also contributing factors. The EC had total capital costs per dozen eggs that were 107% 

higher than CC, largely the result of higher construction costs and fewer hens housed in 

comparison to CC. The AV had total capital costs per dozen eggs that were 179% higher than CC, 

largely the result of higher construction costs and fewer hens housed in comparison to CC. The EC 

had total operating costs per dozen eggs that were 4% higher than CC. Coupled with higher capital 

costs, EC had total costs per dozen eggs produced that were 13% higher than CC. The AV had total 

operating costs per dozen eggs that were 23% higher than the CC. Coupled with higher capital 

costs, the AV had total costs per dozen eggs produced that were 36% higher than the CC.

Find more information at
www2.sustainableeggcoalition.org
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Airborne particulate matter (PM) can make its way into workers’ airways, with smaller particles 

being deposited deep into the lungs. In the EC and CC houses, workers were exposed to 

significantly lower concentrations of airborne particles than when working in the AV house. 

Inhalable particle and PM 2.5 concentrations were higher in AV house due to the litter on the floor. 

The overall daily mean indoor ammonia concentration was well below the recommended limit of 

25 ppm for the CC (4.0 ppm), EC (2.8 ppm) and AV (6.7ppm). Ammonia concentrations only 

exceeded 25 ppm in the winter of Flock 1 in each house but for less than 10% of the work shift. In 

the AV there was worker exposure to significantly higher concentrations of endotoxin than in CC 

or EC.  High use of mask/respirator by workers, and similar concentrations of exposures in both CC 

and EC, was associated with similar cross-shift lung health outcomes. Average mask use was 

higher by workers in the AV protecting them from higher exposures and greater respiratory 

consequences. Ergonomic stressors assessed included force, repetition, and posture. Loading and 

unloading of cages in EC and CC systems required extreme body positions and significant twisting. 

Gathering floor eggs in AV required extreme body positions for extended periods and exposure to 

respiratory hazards. With respect to access, EC and CC systems posed significant hazards normally 

and at population/depopulation. EC workers stepped on the cage front instead of ladders to reach 

hens and worked from unapproved platforms and railings. There were no access issues in the AV. 

 During unloading, the cage modules were placed in the aisles blocking them in the event a rapid 

evacuation was needed, and AV workers placed themselves inside the wire enclosures and locked 

the doors behind them, reducing the ability for a rapid evacuation.

Worker Health & Safety

Find more information at
www2.sustainableeggcoalition.org
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Environment
Ammonia and particulate matter (PM) concentrations were significantly higher in the AV house 

than in the EC or CC house. PM concentrations were roughly 8-10 times higher in the AV than 

either the CC or EC.  PM emissions from the EC and CC house remained low and similar year-

round, whereas the AV house had 6-7 times more PM emissions than the other two types of 

housing. The higher AV PM levels and emissions were caused by hens’ behavioral activities on 

the litter floor.  Poor indoor air quality may lead to eye and respiratory tract irritation in workers 

and hens.  Farm-level ammonia emissions were lowest for the EC system, approximately half 

that of CC or AV, due to its lower stocking density and drier manure. Ammonia emissions from 

manure storage accounted for two-thirds of farm-level emissions. Greenhouse gas (GHG) 

emissions were low for all systems due to relatively dry manure. Manure removed from the EC 

house was drier and had a slightly higher nitrogen content than that removed from the CC or 

AV house. In the AV house, 77% of manure was deposited on the belts and the rest on the litter 

floor when hens had free access to the litter floor. Manure on the AV litter floor had to be 

removed separately, either mechanically or manually onto the manure belt.  With respect to 

natural resource use, the EC house had similar energy use and feed efficiency to the CC house. 

The AV house may need supplemental heat during cold days, and when coupled with lower AV 

feed efficiency, creates a larger carbon footprint than EC or CC, as feed supply accounts for 

approximately 80% of total carbon footprint in the egg-supply chain. In addition, more natural 

resources are needed per bird space in the construction of AV houses. 

Find more information at
www2.sustainableeggcoalition.org
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HOUSING TYPESKEY: Enriched Colony (EC) AV Cage-Free Aviary (AV) CC Conventional CageE C

Cumulative hen mortality in the EC and CC was slightly lower than the 6% Lohmann LSL 

management reference, but double that percentage in the AV. Major mortality causes in all systems 

were hypocalcemia and egg yolk peritonitis. More AV hens died from being caught in the structure, 

vent cannibalized or excessively pecked. EC and AV systems offered hens more behavioral freedom 

than CC with the nesting area and perches generally well used. In the AV the litter was used for dust 

bathing, but the EC scratch pad was not well used for dust bathing or foraging and accumulated 

manure. Nest use by AV hens was variable, with a proportion of eggs laid in the enclosure or on the 

litter. Bone health/strength measures indicate EC hens had more keel abnormalities than CC hens, 

particularly during late lay. AV reared pullets had more keel bone damage at placement than those 

reared in CC, and keel breaks were more prevalent in the AV hens during lay. Pullets in the AV 

rearing system had better bone quality at placement in their tibiae and femurs than pullets reared 

in the CC rearing system; this good bone quality was maintained throughout the lay cycle. Bone 

quality in CC and EC was not as good, although it improved somewhat in EC during the lay cycle. 

Measures of stress overall did not indicate acute or chronic stress. EC hens had slightly less feather 

loss than CC hens, while the AV hens had the best feathering.  Feather cleanliness of EC and CC was 

similar, but AV hens had slightly dirtier feathers. EC hens had shorter claws and fewer foot 

problems (e.g. hyperkeratosis) than in CC, and no severe foot problems (e.g. bumblefoot). 

 Incidence of foot problems in AV was lowest, but those problems were more severe. Air 

temperatures in AV and EC were similar to CC, and the hens were never observed panting. Indoor 

air quality (dust and ammonia) for EC was similar to CC but worse in AV. However, there were no 

signs of hen health problems associated with poor air quality in any housing system.  Feed and 

water consumption by hens and body weights were similar across systems.

Animal Health & Well-Being

Find more information at
www2.sustainableeggcoalition.org
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Housing system type did not influence the rate of egg quality decline through 12 weeks of 

extended storage, and current U.S. egg quality standards/grades are adequate to describe 

eggs for all three of the housing systems. It is not uncommon for poultry to shed Salmonella 

spp. or other coliforms thus the prevalence (presence or absence) of Salmonella spp. and 

Campylobacter spp. were determined for every swab/egg shell pool collected from each 

system. Hens in all housing systems were shedding Salmonella spp. at a similar rate; the 

prevalence of Salmonella spp. on egg shells was very low and did not differ between housing 

systems. The AV had higher levels of environmental Campylobacter spp. recovery (drag 

swab). Salmonella spp. were detected at similar levels of prevalence in the EC and CC 

production environments however AV were more positive. The manure scraper had low 

levels of Campylobacter spp. recovery in all systems, but AV drag swabs and EC scratch pad 

swabs had high levels of Campylobacter spp. recovery. AV floor shells had the greatest levels 

of total aerobes and coliforms. Aerobic organisms were also elevated on AV nest box and 

system shells. Previous studies indicate total aerobe levels are greater on eggs produced in 

high dust environments. Eggs laid on litter (in AV only) have greater shell microbial levels 

than eggs laid on system wires or in nest boxes. Coliforms are indicators of fecal 

contamination which is linked to many human pathogens. In the EC system wire egg shell 

coliform levels were detected at levels similar to CC. The coliform level in AV nest box egg 

shells was similar to the EC. The coliform levels were low for all shell samples, excluding 

the AV floor shells, which had the highest levels of total coliforms.

*An infographic is not available for Food Safety and Quality.

Food Safety & Quality
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The following summaries present the Coalition’s overall research findings for each 

sustainability area, along with infographics showing both positive and negative impacts. In 

these infographics, the Enriched Colony (EC) and Cage-Free Aviary (AV) systems are 

compared to a baseline of the Conventional Cage (CC) system. The CC system was chosen as 

the baseline because it is the system in which approximately 95 percent of the laying hens in 

the U.S. are housed, and because it is the system for which there was the most existing data 

prior to the CSES project being initiated. There is also an interactive version of these 

infographics that contains additional information about the sustainability tradeoffs, and 

which can be found on the CSES website at http://www2.sustainableeggcoalition.org/. 

The CSES researchers are aware that many egg producers are transitioning away from 

conventional cages as they install new systems. These summaries provide an overview of 

the sustainability tradeoffs that should be considered during this transition, and can assist 

in supporting informed decision-making. They should be evaluated in the context of the 

other final research materials, including the final research report and the peer-reviewed 

publications. They also represent a snapshot in time and particular conditions of 

management and housing design. As egg production systems continue to evolve, future 

research should focus on continuing to enhance the sustainability characteristics of those 

systems via advances in design and management. 
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Paulin Bouchard Fédération des Producteurs d'Oeufs du Québec 

Denis Frenette Fédération des Producteurs d'Oeufs du Québec 

Gislain Houle Fédération des Producteurs d'Oeufs du Québec 

Sylvain Lapierre Fédération des Producteurs d'Oeufs du Québec 

Serge Lebeau Fédération des Producteurs d'Oeufs du Québec 

Tim Nelson Livestock Research Innovation Corporation 

Cal Dirks Manitoba Egg Farmers 

Kurt Siemens Manitoba Egg Farmers 

Arnold Wollmann Manitoba Egg Farmers 

Al Dam OMAFRA 

Sue Gillespie OMAFRA 

Bill Van Heeswyk Ontario Broiler Hatching Egg & Chick Commission 

Jim Clark Ontario Farm Products Marketing Commission 

Sophia Dinnissen Ontario Farm Products Marketing Commission 

Geri Kamenz Ontario Farm Products Marketing Commission 

Laura Bowers Poultry Industry Council 

Keith Robbins Poultry Industry Council 

Marc Lazenby RBC Royal Bank 

Regan Sloboshan Saskatchewan Egg Producers 

Daniel Wollman Saskatchewan Egg Producers 

Jeff Clarke Southview Farms 

Jessica Stathopoulos Turkey Farmers of Ontario 

Matt Steele Turkey Farmers of Ontario 

Elijah Kiarie University of Guelph 
As at 3/28/2016 



less land used
41% 

less energy used
69% 

less water used

Using fewer resources

Egg production in Canada
increased more than

50%

Across the industry, the environmental
footprint decreased by almost

In the 50 years from 1962 to 2012:

How Canadian egg production
has improved over 50 years

M   RE EGGS
SMALLER FOOTPRINT

50%

81%

A landmark study conducted for Egg Farmers of Canada compared

the environmental footprint of eggs produced in conventional housing

systems in 1962 versus 2012, with significant results.



Better hen health

61% 
fewer emissions that
contribute to acid rain fewer emissions of

nitrogen and phosphorus

improvement in egg
production per hen 

75% 
reduction in

laying hen mortality 

72% 
fewer greenhouse

gas emissions 

Producing fewer emissions

 reduction in carbon
footprint with new feeds

35% 
improvement in
feed conversion

efficiency

Higher fuel efficiencies
in freight transport 

Increased
crop yields

More efficient feed and transportation

For more information about Egg Farmers of Canada, or our research 
chairs program, visit eggfarmers.ca, or contact us at research@eggs.ca.

68%

50%

69%

M   RE EGGS
SMALLER FOOTPRINT



Canadians love Canadian eggs. They come from local 
farmers who ensure our eggs are among the best in the 
world for quality and freshness. Our uniquely Canadian 
system of supply management makes all this possible  
and also supports thousands of Canadian jobs and  
strengthens our economy. 

More than 1,000 Canadian egg farms produce an average  
of 595 million dozen eggs annually to meet growing 
consumer demand. In fact, 2015 marks the industry’s  
ninth consecutive year of retail sales growth. 

Our farmers: 

•  Deliver eggs that are among the best in the world  
for quality and freshness 

•  Care for their animals and meet the highest  
standards for on-farm food safety

•  Continuously invest in new techniques, research  
and innovation 

Show your support for farmers and help  
maintain a sustainable Canadian egg industry  
by Keeping the “eh!” in eggs.

KEEP THE “EH!” IN EGGS
Supporting a system that works for Canada 



Stay connected 
Choose your preferred way to stay in touch  

with Egg Farmers of Canada for all our  
latest news and achievements!

Subscribe to our newsletter
eggfarmers.ca 

Follow us on Twitter 
     @eggsoeufs 

Like us on Facebook 
     facebook.com/eggs 



1 in 7 Canadian children goes 
to school on an empty stomach. 

Children who are undernourished 
have difficulty focusing on tasks, have 
lower self-esteem and are absent 
from school more often.

Eating a breakfast rich in protein 
helps kids stay full and satisfied, so 
they can concentrate on learning. 

Egg Farmers of Canada supports many causes that matter to our farmers and 

Canadians, including our new relationships with Breakfast Club of Canada and 

Breakfast for Learning. Our goal with these organizations is to make sure more 

children in Canada have access to a nutritious breakfast. 

We will work closely with egg boards, graders and farmers to grow our 

community programs and help more kids start their day with a healthy 

breakfast that includes nutritious eggs. 

OUR INVOLVEMENT AND SUPPORT OF THESE PROGRAMS HELP TO 
PROVIDE A NOURISHING MEAL TO OVER 300,000 CHILDREN EVERY DAY.

Want to get involved? Contact your egg board for more information on 

how you can be a part of these programs.

+ + + + + +



Supporting Canadian farms  
and communities 
For more than 40 years, the system of supply  
management has helped Canada’s egg farmers  
prosper and support their local economies. 

Supply management:

•  Delivers eggs that are among the best  
in the world for freshness and quality.

• Helps Canadian egg farms stay strong. 

•  Contributes to the vibrancy of Canadian  
communities.

Canadians love their eggs4 
Consumers are most confident about the quality  
and safety of eggs, poultry and dairy products  
produced in Canada and prefer to buy from  
local farmers. 

92% of Canadians say it is 
important that the eggs they 
consume come from Canada.

90% say they are comfortable  
buying and eating eggs, poultry 
and dairy products produced in 
their own province. 

 90% say they trust the  
quality standards of foods  
from Canadian farms.

Delivering economic value to communities and Canada

EIGHT STRAIGHT YEARS OF SALES GROWTH3 

Our farmers:
•  Operate more than 1,000 farms in all 10 provinces and in the Northwest Territories. 

Many are owned and run by families who have been in the business for generations  
and about 20% are first-generation farmers.1

•  Support over 16,761 jobs and contribute $1.4 billion annually to the Canadian economy.2

•  Produce more than 595 million dozen eggs each year.

KEEP THE “EH!” IN EGGS

The Canadian egg industry
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Learn more about Canada’s egg industry, visit eggfarmers.ca

Farmers take great pride in being active members of their  
communities, with 9 out of 10 egg farmers reporting they  
contribute through donations, fundraising, sponsorship  
and/or volunteering.1

Opening the door for the  
next generation of leaders 
The stability provided by supply management 
opens the door for new farmers and the next 
generation of agriculture leaders. 

More and more young Canadians are: 

 •  Taking over the family farm

 •  Starting new operations

 •  Building rewarding careers  
in farming

Driving innovation and social responsibility   
The egg industry is one of the few agricultural sectors that  
is self-sufficient—requiring no government subsidies.

Supply management supports innovation:  

•  World-class on-farm food safety through Egg Farmers  
of Canada’s Start Clean-Stay Clean™ program.

•  Leading development of nutritionally-enhanced and other 
specialty eggs, including organic and vitamin-fortified. 

•  Research into egg production, poultry science,  
animal and human nutrition, and economic and  
environmental sustainability.  

1  Egg Farmers of Canada, May 2013: Survey of 400 Canadian egg farmers 
2  Informetrica Limited, The Economic Impact of the Poultry and  

Egg Industry. December 2011 

3   Nielsen MarketTrack, Total Eggs National. 52 Weeks Per Period 
4  TNS Canada, February 2013: Online omnibus survey  

of 1,001 adults across Canada

1

2

3

Allows Canadians to buy 
fresh, local, high-quality 
products

Supports and protects 
Canadian farmers

Benefits Canadian  
communities by creating  
jobs and opportunities

TOP 3 REASONS 
CANADIANS BELIEVE  

SUPPLY MANAGEMENT  
IS IMPORTANT:

KEEP THE “EH!” IN EGGS


