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Abstract

The craft brewing industry in New York State has grown rapidly over the past five years helped
in part by New York State legislation called the Farm Brewery Act of 2012. The act imposes
agricultural stipulations for breweries desiring to file for a Farm Brewing license. The hop
industry will have to grow in kind to meet the Farm Brewery Act requirements. The level of
growth that needs to be achieved was determined through the use of system dynamics
modeling. Production volumes were calculated based on survey results from brewers and
farmers. Currently, the state's hop industry is producing a surplus of hops and will be able to
supply short-term brewery growth over the horizon of the next three years. It was discovered,
however, that the industry is vulnerable to demand shifts and prudent action should be taken
to become resilient to changes in buyer regulations and preferences: increasing the economy of
scale and building collaborative relationships through farm clustering will improve the longevity
of New York's hop industry.

Thesis Supervisor: Alexis Bateman

Title: Research Associate, Center for Transportation & Logitics
Director, MIT Responsible Supply Chain Lab
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Disclaimer

This work has meant a great deal to me as I have a personal steak in the success of the
hop industry of New York. After reading an article in October of 2014 about the Farm Brewery
Act I decided to help out by starting a farm of my own and have a modest operation in upstate
New York called Hill Top Hoperation, LLC. I have made it a point to remained unbiased and
present all of the facts and figures from a neutral standpoint. The success of the brewing
industry will not only mean potential business for my farm but as a beer enthusiast I am hoping
to ensure great beer continues to come out of New York!
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1. Introduction

A national trend of consumers shifting away from big brand breweries and toward craft

beer has strained certain farming industries, as they try to meet changing demands. In 2015,

craft brewers produced 24.5 million barrels, and saw a 13 percent rise in volume and a 16

percent increase in retail dollar value. Retail dollar value was estimated at $22.3 billion,

representing a 21 percent market share. The goal of the Brewer's Association, a national

brewers organization, is to have 20% of the country's beer market by 2020 (Hieronymus, 2015).

Craft beer demands more hops with a larger number of varieties than traditional beers.

A classic pilsner, for example, requires one pound of hops per barrel' and uses only one hop

variety (Daniels, 2000). With today's prevalent Indian Pale Ales (IPA), it is common to see five

separate hops added at different points of the brewing process (Daniels, 2000); a typical recipe

includes two pounds of hops per barrel and can be much more (Moore, 2011). The Indian

Ladder Farms IPA brewed by C.H. Evans, for example, uses 4.25 pounds of hops per barrel (Ten

Eyck and Gehring, 2015).

The shifting consumer demand patterns trickle down to hop farmers. The United States

hop industry has seen new acres being planted and existing lands replanted to change the

existing varietals (George, 2015). Saaz and Golding, hop varietals used for pilsners, have fallen

out the top ten consumed varietals and have been replaced by the new proprietary varietals

Simcoe and Citra, both used extensively in IPAs (Cantwell, 2015).

These dynamic beer industry shifts have caught the eye of New York State (NYS)

legislators. NYS has taken multiple steps to ensure the craft-brewing trend is encouraged to

1 A barrel is a standard measure of volume in brewing equal to 31 gallons.
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expand as rapidly as possible in the state. Passing the Farm Brewery Act of 2012 was the most

significant change to aid in this growth. This law ties a specific segment of the NY craft brewing

industry directly to state farming. With most of the hops consumed nationally being grown in

the Pacific Northwest (PNW) and a very sparse hop supply instate, this legislation creates many

questions about its success and sustained impact.

Can government policy have an impact on the growth of an industry through economic

and financial incentives? The null hypothesis is that the passing of the law did not have any

impact on the growth of the craft brewing industry in NYS. It will be shown that there was

already a rising trend in brewery growth in the state prior to this law but a surge in new

breweries after the law is enacted.

Can direct incentive in the brewing industry cause growth in a complementary supply

industry? The law directly incentivizes the breweries but has only a peripheral requirement to

use NYS grown hops. The null hypothesis is that the law did not have any impact on the growth

of the hop industry in NYS. It will be shown that the passing of this act has created a demand

on NYS hop farmers that spurred a significant number of farmer entrants and growth in the

industry.

Is the current trend in industry growth sustainable given the Farm Brewer Act's

requirement to source from within NYS? The null hypothesis is that growth in the hop industry

will not be large enough to support the demand from the breweries required to source from

NYS farmers. Current state supplies are actually sufficient to sustain the next three years of

brewery growth. For longer term industry implications the hop farmers will have to scale up

operations to meet future demand profiles.
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Answering these questions necessitates understanding the challenges inherent in craft

brewery operations and farming necessary to meet the supply. A review of the simplified

brewery supply chain and farming process follows.

Brewery Supply Chain

To contextualize this research, it is important to understand the basic ingredients and

supply chain of a brewery. A beer has four main components: water, yeast, barley and hops

(Daniels, 2000). While spices may be added for flavor or aroma, the majority of the variable

cost of production is in the barley and hops.

Barley is steeped in a malting process to convert starches to sugars that will be

ultimately turned into alcohol by yeast (Peragine, 2011). Farmers grow barley and send it to a

malt house for processing. The malted barley is then distributed to the breweries. Malted

barley can be roasted to differing levels to achieve coloration and different flavor profiles. A

dark stout, for example, uses roasted barley. Barley farmers may have their own malt house but

often a separate company will focus directly on malting as a value added process (Newbold and

Thayer, 2016). The barley production in NYS is also a great concern but is outside the scope of

this research.

Hops for brewing normally come directly from the farmer. Hop processing is done in-

house and distributed from the farms. A simplified supply chain can be seen in Figure 1.1.
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Figure 1. 1 Simplified Brewery Supply Chain. Graphics from Noun Project, 2016

Hop Farming

Growing hops as a venture is a complicated endeavor. Understanding the harvest

potential and production process is integral to understanding the actions NYS will need to take

to support its hop farmers.

Hops are perennial plants that grow to be 18 feet tall. It takes at least three years to

reach this height, and full hop yields, due to the development of an extensive root network.

The bine 2 will be trained to climb a cord that hangs from a trellis system. The plant reaches its

maximum height near summer solstice and begins to grow horizontally as it fills out with leaves

and cones. The cones contain lupulin, a yellow pollen substance, which consists of alpha and

beta acids as well as essential oils. The breakdown of the acids is what gives the beer its

2 A bine is similar to a vine but its climbing mechanism includes small barbs that grip the surface of what the
bine is climbing rather than a vine that utilizes thin shoots that wrap around what it is climbing (Ten Eyck and
Gehring, 2015).
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bitterness and the essential oils add to the aroma of each brew. There are over 110 varietals of

hops that impart different characteristics to a brew and can be used in many different ratios

and combinations (Woodske, 2013). Cones are harvested once a year in late August to early

September depending on the varietal. Harvested hops are normally dried in a kiln-type house

called an oast and either sold as whole leaf or pelletized (Ten Eyck and Gehring, 2015). The

Pelletized form is mandated by most breweries so the process is almost a necessity. A timeline

of a typical hop farmer's year is shown in Figure 1.2.

October-
March

April June August Store unsold
" String Cord 9 Pest Control hops
" Train Hop 9 Weed e Harvest - prepare for

Bines Control 9 Dry next season

May July September
* Pest Control * Pest Control 9 Dry
* Weed & Weed e Pellitize

Control Control * Packaging
* Distribution

Figure 1. 2 Typical Hop Farming Process Cycle

Integrating the knowledge of brewery supply chains with hop farming practices allows a

better understanding of the requirements the NYS Farm Brewery Act imposes.

Recommendations based on current trends and future needs can be made to integrate the two

industries (brewing and hop farming) and drive growth in the NYS hop industry to ensure it

meets the demand of craft brewers.
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2. Literature Review

To understand the dynamics behind the law's industry implications and understand the

future ramifications, a thorough review of multiple areas is needed. This chapter analyses the

literature in several key areas of background information and methodology approaches,

including New York State's history with hops, the details of the Act, economic impacts, system

dynamics, and utilizing cluster principles to further strengthen the hops and brewing industries.

2.1 NYS Hop History

A review of the history of the hop industry is important in determining the effectiveness

of the Farm Brewery Act. James Coolidge introduced cultivation of hops to New York State

(NYS) in 1808; by 1840, NYS was producing almost as much hops as all of New England. In 1880

"New York hit its peak, producing 21 million pounds of hops on about 40,000 acres, 80% of the

hops in the nation" (Ten Eyck and Gehring, 2015, p. 22).

In 1920 the enactment of Prohibition devastated the value of the hop industry and,

combined with a large Downy3 mildew outbreak in 1927, the NYS industry was destroyed. Early

hop pioneers, who had already moved west to escape the humidity of the Northeast,

established more profitable hop yards in places like Yakima Valley, Washington. By the time

Prohibition was repealed in 1933, the competitive advantage had shifted and NYS farmers

would not return to the market due to the more difficult growing conditions.

The brewing industry was very slow to recover from Prohibition. In 1983, fifty years

after its repeal, only six breweries controlled 92 percent of U.S. beer production (Ten Eyck and

3 Downey mildew is a group of parasites, termed water molds, which infect plants in humid areas causing
reduced crop yield or even plant death (Ten Eyck and Gehring, 2015).

14



Gehring, 2015). The craft brewery movement developed in the new millennium, as more and

more smaller scale breweries opened to fill the niche markets for more flavorful beers that

included very hoppy brews. A simplified US brewery industry growth timeline is shown in

Figure 2.1.

Pre
Prohibition-
Number of 1983- 6
Breweries 1934-756 Breweries 2015 US
peaked at Breweries re- control 92% of Breweries pass

4131 open the Market 4000 again

1920 to 1933- 1961 through 2013 US craft
Prohibition consolidation Breweries

the number of reach 2768
breweries

srinks to 230

Figure 2. 1 Timeline of US. Brewery Resurgence. Adapted from Tenyk and Gehring, 2015 and Gatza, 2015.

Sensing an emerging potential for industry growth, in 2001 the Northeast Hop Alliance

(NeHA) was organized with a mission to "explore the feasibility of re-establishing commercial

specialty hops production in New York and the Northeast" (Northeast Hop Alliance, 2015). The

Brewers Association stated that in 2013 the United States had 2,768 craft breweries, 450 of

which were located in the Northeast (Ten Eyck and Gehring, 2015).

Despite the early efforts by NeHA, The stage was not yet set for the resurgence of NYS

hops until later in the 2010's. Beginning around the same time, there was a national "locavore"

movement, in which people sought to consume local products over mainstream brand names

(Ten Eyck and Gehring, 2015); this also occurred in NYS.

Information gathered at The Carey Institute of Global Good from the New York State

Liquor Authority shows the issuance of all Beer Production Licenses over the last 15 years (New

York State Liquor Authority, 2015) see Figure 2.2. NYS now has four brewery license categories:

15
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Production Brewery (D), Farm Brewery (FD), Microbrewery (MI) and Restaurant Brewery (MR).

The differences of these licenses are summarized in the NYS Liquor Authority's "Comparison of

Brewery, Micro Brewery, Farm Brewery & Restaurant-Brewer Licenses" by T. Donahue (2014).

A summary of key differences is shown in Table 2.1.

Table 2. 1 Comparison of All NYS Brewery Licenses

License Type Annual License Production Ingredient Multiple
Fee Limit Restrictions Locations

Production $4000 None No No
Brewery (D)
Farm Brewery $320 75,000 Yes, per the Can have up to
(FD) Barrels/year Farm Brewery 5 branch offices

Act with a permit
for each

Microbrewery $320 75,000 No No
(M1) Barrels/year
Restaurant $950-$1950 20,000 No Up to 5 Brew-
Brewery (MR) Barrels/year Pubs each

requiring a
separate
license

Figure 2.2 shows a surge of the Micro Brewery Licenses (MI) beginning in

demand being placed on locally produced beers.

2010, attesting to the
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50 Lic Type
45 D

* FD
40 E MI

* MR
35

30

25

20

20

1015

10

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Year of Orig Issue Date

Figure 2. 2 Trends in Brewing Licenses Issued

With culture moving toward locally sourced goods and the resurgence of local brewing

activity, the stage was set to add a stronger catalyst to the industry in the form of The Farm

Brewery Act. The fervor of NYS to take advantage of rising local demand and growing craft

beer production put the state government in a prime position to regain some of the market

share it once dominated in the hop industry.

2.2 The Farm Brewery Act

The Farm Brewery Act was passed on June 15, 2012. It amended the Alcoholic Beverage

Control Law, the Agricultural and Markets Law and the Tax Law in regard to a farm winery, farm

distillery and a farm brewery (New York State, 2012). The law stipulates the ingredients that

17



Farm Breweries4 need to use to be considered a NYS labeled beer. These stipulations have a

tiered approach, which is designed to allow the agricultural industry to gradually expand to

meet the growing demand while still providing economic incentives to brewers:

* Present until Dec 31st 2018, no less than 20% by weight of its hops are grown in NYS and

no less than 20% by weight of all its other ingredients excluding water.

* From January 1 st, 2019 until December 31st 2023. no less than 60% by weight hops

grown in NYS and no less than 60% of all other ingredients excluding water.

* From January 1st 2024 and on, no less than 90% by weight of its hops grown in NYS and

no less than 90% of all other ingredients excluding water. (New York State, 2012).

These requirements placed a strain on the natural resources of the state, as hop farmers

are already struggling to meet the demand from NYS brewers. If the growth in the brewing

industry is outpacing the growth of the hop industry, this mismatch will only be exacerbated at

each of the incremental ingredient requirement increases.

Many financial benefits to brewers have been driving the surge in breweries. The most

significant advantage to being a Farm Brewery, as reported by brewers, is the ability to sell beer

by the glass (Newbold and Thayer, 2016). The Farm Brewery Act (2012) gives other economic

incentives, a licensed brewer producing NYS labeled beer may:

* Sell to Farm distilleries, Farm Breweries and Farm Wineries.

* Conduct tasting on premise.

4 A farm brewery is defined by a "place or premise, located on a farm in NYS, in which NYS labeled beer is
manufactured, stored and sold, or any other place or premise in NYS in which NYS labeled beer is manufactured,
stored and sold" (New York State, 2012).

18



* Sell at retail for consumption off premise at the state fair, at recognized county fairs and

at farmers markets operated on a not-for-profit basis.

* Sell and conduct tastings at retail for consumption on the premise of a restaurant,

conference center, inn, bed and breakfast or hotel owned and operated by the licensee.

* Apply for permits to conduct tastings away from the premise.

* If tasting permit for off premise is granted, apply for a permit to sell off premise.

e Operate up to five branches.

* Reduced filing costs for both initial and annual filing fees compared to other license

categories.

The current success of the law is driven by the combined benefits but the long-term

sustainability depends on the ability of the agricultural industry, hops and barley, to achieve a

comparable growth to the Farm Brewing sector.

The NYS Farm Brewery Act did not introduce a unique concept: other states have

created legislation to encourage the growth of in-state craft brewing. Some states that have

developed laws based on the concept include New Jersey, Maryland, Massachusetts, Virginia

and Vermont. A brief comparison of different approaches is valuable.

New Jersey (NJ) enacted its Farm Brewery Act in 2010. The law created a Farm Brewery

License with lowered economic restrictions on filing fees but had a restriction of brewing only

up to 2,000 barrels a year. This law is different from NY's as the Farm Brewers of NJ must be

actively engaged in the farming of an ingredient that goes into their beer but there are no

quotas associated with such ingredients by percent volume of use (New Jersey, 2010). This

19



approach does not spur a separate farming industry but allows more individuals to get into the

brewing market, which they would have otherwise not been able to do.

Other laws have been passed in NJ to aid the competitiveness of craft breweries in

general and are not specific to the state's Farm Brewery License. June 7, 2012 a law was

adopted that increased the production volumes legal for small-scale breweries and reduced

filing fees to help further promote the entire industry without tying requirements to the

farming industry (New Jersey, 2012).

In 2012, Maryland (MD) took legislative steps to foster a farm brewery law. The state

now allows farmers to produce up to 15,000 barrels a year as long as they are using ingredients

that they are producing and the production is on the farm being issued the license (Maryland,

2012). This is similar to the NJ law, as it does not seek to create a separate local farming

movement to supply the new class of breweries.

The Massachusetts (MA) General Laws, Chapter 138, Section 19C creates a provision for

a farm brewery and was introduced as early as 2000 (Massachusetts, 2002). The law does not

put a quota on the amount of ingredients that the farm brewery must use. The entity qualifies

for the license as long as it is growing either hops or cereal grains for the production of its

beers. It specifically allows for importation of ingredients without any mention to proportions

(Massachusetts, 2016). In 2011, the state's Alcoholic Beverages Control Commission tried to

impose a quota on each farmer engaged in brewing by requiring 50% of the ingredients to be

grown on site. For example - The state refused a Farm Brewery license to Idle Hands Craft Ales

based on this new provision. There was backlash from legislators and the brewing community

since the imposition would have forced many operating breweries to shut down or drastically

20



alter their business model (Furnari, 2011). The quota was quickly repealed and no

requirements currently exist in the state (Hankins, 2015).

Senate Bill 157 of Virginia (VA), introduced January 13, 2016, focuses on providing a

direct tax benefit to the individual involved in farming rather than stimulating the growth of the

craft brewing industry. The law "provides an individual income tax subtraction [from the

federal adjusted gross income] for any income of a taxpayer engaged in the business of farming

as defined under federal law attributable to the sale of barley, hops, or wheat grown by the

taxpayer to a Virginia craft brewery" (Virginia, 2016). This bill provides direct incentives and

like NJ, MD and MA does not link the brewing industry directly with state farming.

Testament to NY's Farm Brewery act is Vermont's H.201 bill, a replication of the Farm

Brewery Act. Vermont introduced the H.201 bill in 2015 to create a farm brewery license with

similar economic incentives and agricultural requirements that the Farm Brewery Act of 2012

has. The act also has a tiered approach to the agricultural requirement and introduces a new

class of license and a state labeled beer (Vermont, 2015). House Representative Botzow, lead

architect of the law, reported that he "modeled the farm brewer's bill after a similar law in New

York that took effect in 2013. The Bennington County Industrial Corporation suggested that

New York had a competitive advantage in recruiting breweries (Burbank, 2016)." A comparison

of each of these laws is presented in Table 2.2.
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Table 2. 2 Comparison of Various Farm Brewery Laws

State Year Production Limit Agricultural Requirement
(Barrels/year)

MA 2000 Various from Brewer actively grows some ingredients
5,000 to over
1,000,000

NJ 2010 2,000 Brewer actively grows some ingredients

MD 2012 15,000 Brewer actively grows some ingredients

NY 2012 75,000 Tiered Agricultural Requirements

VT 2015 Tiered Agricultural Requirements

VA 2016 N/A Direct tax break for selling to instate brewers

Unlike the laws before it, the approach taken by NYS ties the craft brewing industry to a

new set of farmers by incentivizing a production license that induces demand for farmers. The

continued popularity and impact of the law hinges on the agricultural supply base. If the

resources become constrained or too expensive, then the breweries will have to change their

business models or the state will have to adjust the law to accommodate the changing craft

brewing economics.

2.3 Hop and Beer Economics

The craft brewing industry is one of the fastest growing alcoholic beverage markets,

increasing an annualized 18.8% in total revenue from 2010 to 2015. It has reaching an

estimated $5 billion in annual revenue. The tremendous growth has been driven by consumers

shifting to a large variety of products that have high quality and express high degrees of

expertise from the brewer (Petrillo, 2015). NYS has seen its share of this growth.
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The rise in craft breweries is creating a total economic impact larger than just beer sales.

In 2013 the total impact from the craft brewery industry to New York State was estimated to be

$3.5B. This includes all indirect jobs and other activities such as tourist and souvenir sales

(Cuomo, 2015). Although this is an immediate boon to the state, many challenges need to be

overcome to make this growth sustainable.

The demand from the breweries for NY grown hops is enormous. A farmer can sell his

whole harvest before he has picked a single cone (Angel, 2014). Justin Riccobono, a NY hop

farmer summarizes the majority of recent experiences of state hop farmers: "North River Hops

& Brewing, a new brewery in Wappinger's Falls, wanted to buy Riccobono's entire harvest, but

he had already agreed to supply six other New York breweries. 'We could have sold our harvest

four times over,' he says" (Angel, 2014).

It is more expensive to grow hops in NY than in the Pacific Northwest (PNW), where

most hops are produced. The higher cost comes from a more humid climate that increases the

chance of mold infestation in addition to the fact that most NYS farmers have not reached large

economies of scale. This is evident by the market prices of each: hops grown in NY go for $12-

18 per pound as compared to the $7-$13 in the PNW (Angel, 2014). This higher price point

means that an acre of hops (1,000lbs) can drive revenues of up to $20,000 a year (Angel, 2014).

This highly profitable crop is a strong incentive for more farmers to start hop farms. Currently,

according to the Department of Agriculture, hops are one of the most lucrative crops and bring

in more that other high yield crops such as corn and cotton that yield $700 an acre and hay,

which yields $600 (Angel, 2014).
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However, The elevated monetary incentive is not guaranteed over the long-term. As

craft breweries scale up, the ingredient price becomes a major portion of the total operating

expenses. This happens as the fixed costs of running a brewery stays the same and the variable

expense of more and more ingredients becomes the dominant line on financial statements. At

large volumes breweries are forced to outsource hops to remain competitive and keep prices

low. If NY farmers cannot close the gap between the PNW prices they will begin to struggle to

sell their hops as the brewing industry in New York becomes more mature.

Comparing the hop production volumes, it is common to find farms of over 100 acres in

the PNW, while only a handful of farms in NY are at the 10 acre point (Angel, 2014). Farms are

going to have to become larger to drive down NYS hop prices through economies of scale to

create a sustainable relationship.

The craft brewing industry is expanding nationally which is feeding the drive to start

more local breweries. Today, on average, there are two breweries opening per day with the

national count passing 4,000 breweries (Watson, 2015b) with NY accounting for 141 of these

(New York State Liquor Authority, 2015). In 2011, of the 206 million barrels of beer produced,

6% was from craft beer and that figure is estimated to grow to 15% by 2020 (Menashe, 2013).

As the country falls back into an era where craft breweries 5 are taking more of the beer market

segment ancillary economic benefits are seen. In locations where many breweries are close to

each other, it is attracting tourism in the form of brew trails6 (Cuomo, 2015). In 2013 NYS craft

breweries attracted 3.66 million visitors. On June 2 5th, 2014 the state's Department of

s A craft brewery is defined as having an annual production of less than 6 million barrels, less than 25%
ownership is from an alcohol producer that is not a craft brewer, and is not producing flavored malt
beverages (The Brewer's Association, 2015a).
6 Brew trails are a cluster of breweries that a close enough to support traveling to many in one day to
experience each craft brewery creating a tourist destination.
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ii,

Agriculture and Markets officially recognized the first "cuisine trail" through Schoharie County

to further drive tourism toward craft breweries (Governor, 2015).

The Brewer Association (2015b) compiled economic impacts of the craft brewing

industry for 2014 (summary in Figure 2.3). Several insights can be drawn from these figures.

While NYS has grown significantly, they are still well behind the average state in breweries per

capita (100,000 people). They were 28th after the surge from 2010-2014, implying that before

2010 they would have ranked well below that number. Implying that NYS had a place for great

expansion into the craft brewing industry.

NEW YORK

2,921 201.88
S Million Economic Impact Impact per Capita

ECONOMICIMPW (A1KS NP / KS

948,228 2
Barrels of Craft beer Gallons per 21+ Adult

produced per year (UNKS2MI
41!RANKS IMh1

NUMER OF REERES PER YEAR

1.3 Breweries per Capita* 200
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*pw100.A0W21+A wks so

2011 2012 2013 2014

Figure 2. 3 New York State's 2014 Economic Impact from Craft Brewing (Taken from The Brewer's Association,
www.brewersassociation.org)

Furthermore, NYS must grow more to be among the top breweries per capita among

competing states. Table 2.3 shows the number of breweries per capita of the top five states. If
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NY's industry continues to grow, it has room for hundreds of more breweries. If these file as

Farm Breweries or try to source from within NYS for their hops, it will place a greater demand

on NYS farmers.

Table 2. 3 Top States by Brewery Per Capita (Derived from The Brewer's Association, www.brewersassociation.org)

Rank State Breweries Per
Capita 100,000,
21+ Adults

1 Vermont 8.6
2 Oregon 7.4
3 Colorado 6.1
4 Montana 5.9
5 Wyoming 5.3

However, Meeting the demand is not going to be enough for NYS farmers. In a recent

study conducted by the Brewers Association, 67% of craft beer drinkers used whether a beer

was from a local brewery to make their purchase decision (Watson, 2015a). This reinforces the

drive to support local economics but the same study revealed that an even more important

factor in the purchase choice was flavor, as 97% of consumers have that as their main priority

(Watson, 2015a). Local breweries will only survive if they meet the high quality standards that

consumers expect. Based on survey results discussed later in this research many brewers are

already wary of the NYS ingredient value. Quality issues in production of NY state hops may

begin to play a role in a brewer's decision to remain a Farm Brewery and to source local if they

cannot meet the flavor profile they want to produce.

2.4 System Dynamics

In order to determine the sustainability of the Farm Brewer Act the peak number of

breweries and rate of craft brewing industry growth must be projected. This can be done for
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NYS through a system dynamics 7 modeling approach. This approach also provides a depiction of

the factors that influence the spread of the brewing industry across the state.

The growth of this industry follows an "S-Shaped" pattern as shown in Figure 2.4. This

behavior is similar to the behavior of technology diffusion or the adoption of new ideas or the

spread of a rumor (Sterman, 2000). The system behavior can be modeled using a system

dynamic framework.

Corrying Capocity

State of
The System

Time

Figure 2. 4 S-Shaped Growth. Taken from Sterman, 2000.

This system structure and behavior occurs between two basic dynamics: a reinforcing

feedback loop and a balancing feedback loop. The reinforcing loop will drive early behavior as

the system encourages itself to grow. The balancing loop will create a diminishing return on

market entrances due to reaching a saturation of industry conditions and a strain on resources

(Sterman, 2000).

A basic model showing the parts of a system, which exhibits this S-Curve shaped growth,

can be seen in Figure 2.5. The depiction of the model connects different aspects with arrows

representing a causal relationship. The polarity of the arrow, whether it is positive or negative,

7 System dynamics is the interdisciplinary use of mathematical modeling techniques and feedback

mechanisms to explain complex system behaviors (Sterman, 2000).
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represents whether the connected factors move proportionally or in an inverse fashion. For

the example in Figure 2.5 as the "State of the System" goes up the "Resource Adequacy" goes

down exhibiting a negative polarity. Each closed loop of effect is annotated with an R for

reinforcing and B for balancing to aid in diagram clarity.

Ne 11ncreasc Rate State of the System

R

Fractional NetP
Increas Rate Resource Adequacy

Carrying Capacaty

Figure 2. 5 Example System that Exhibits S-Shaped Growth. Taken from Sterman, 2000

The adoption of new technologies model that will be applied to the growth of the

brewing industry is the Bass Diffusion Model. This model, originally developed to forecast the

sale of new products, assumes a potential adopter makes the decision to purchase based on

exposure to a series of external constants and internal market factors (Sterman, 2000). For the

brewing industry, the filing of a brewery entity will be modeled analogously to a potential

adopter actually making the decision to adopt a new technology. The mathematical

representation can be shown in Equation 2.1

EQN 2.1: -y = AR = a * P + b * P * A (Taken from Sterman, 2000)dt
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Where Adoption Rate (AR) is made up of two factors; a*P and b*P*A. a*P is the direct

influence of factor (a), on the population of potential adopters (P) and b*P*A is the internal

influence of the market from the interaction of the potential adopters (P) and the population

that has already adopted the technology (A) (Sterman, 2000). Equation 2.1 relates to the

system dynamics as the reinforcing feedback occurs as more adopters enter the market and the

balancing feedback loop exists, as the available potential adopters become adopters. The

brewing industry analysis will consider someone that ha interest in opening a brewer as the

potential adopter and someone who has actually filed as an entity with the state as an adopter.

The Bass Diffusion Model and the system dynamics evaluation approach show leverage

points that the state has used to promote industry development. Expounded on in section 4.5,

the methodology adds deep insight into additional actions that will benefit both industries.

2.5 Cluster Principals and Effects

To reach a point where the breweries and hop farmers can reach harmonious business

equilibrium, a review of cluster dynamics8 of the industries is applied. Clusters of technology

and innovation are increasingly common for disseminating ideas and services, creating new

inventions and practices, and facilitating economies of scale. Two famous examples are the

artistic revolutions around Florence Italy in the 1400's and the rise of technology companies in

Silicon Valley over the past two decades (Sheffi, 2012). Applying lessons learned from these

and other clusters the NY hop industry can create more efficient operations and reach a larger

scale of quality hop production.

8 Cluster Dynamics are observed within a geographic area as substantial competitive advantages that are
created when suppliers and competitors co-locate. This is driven by tacit knowledge exchange, development
of a strong supply base and attracting top talent (David, 2013).
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There are two types of clusters. Vertical clusters integrate trading partners and

horizontal clusters, which are businesses that are at the same stage of production (Sheffi,

2012). Applying this perspective to the NYS hop and brewery industry, vertical clusters can be

formed around the majority of craft breweries so that the farmers can supply the local

breweries and build and maintain relationships. Horizontal clusters can be formed on both the

brewery side as well as the farmer's side. The density of craft breweries is already exhibiting

some cluster dynamics as they attract more tourists to "brew trails" (Cuomo, 2015).

Clusters form because there is some benefit to operating in proximity to like

organizations. Each organization can influence the system by contributing knowledge, helping

to develop specialized supplier relationships and developing a labor pool consisting of unique

skills. As these factors interact between organizations, it can create positive feedback for each

organization to make the clusters continue to grow. The cluster will increase productivity in

companies of similar operation, speed innovative progress, and be a catalyst of new businesses

as competition increases (Sheffi, 2012). These dynamics, if effective in the hop and brewing

industry, will cause a coalescence of efforts to focus on closing the gap between demand and

production of the hops.

Participating in a cluster based economic environment yields many direct advantages.

Building relationships develops trust between cluster inhabitants, which will yield experienced

knowledge interchange, and a collaborative environment. Needing to innovate also leads to

support for research and educational institutions (Sheffi, 2012). NY is starting to see many of

these attributes of a cluster in its emerging beer industry.
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Hartwick College recently opened a lab dedicated to testing and research of barley and

hops. Many farmers are reaching out to The University of Vermont's Hop Program, Cornell

Cooperative Extension is conducting training and extensive research into varietals that should

be grown in the North East's climate. There is a collaborative environment with the recent

publication of Ten Eyck and Gehring's book and coordination of equipment between farmers.

The Carey Institute of Global good has a consistent educational program, and tacit knowledge

exchange is occurring regularly with Cornell Newsletters by Steve Miller and through the NeHA.

All of these effects need to be amplified and utilized efficiently to increase farmer's

productivity.

Some of the barriers to entry into the hop farming industry and from scaling up to

commercial scale include buying expensive equipment to harvest large amounts of hops, and

having the means to process them. If farms were clustered, they could share the expense of

these machines or resources when available. For example, Glacier Hops, in Montana, has

planted 27 acres of hops and is coordinating four other farmers efforts to ensure planting is

done near a centralized harvesting and processing facility (Hieronymus, 2015). Other resource

sharing that could drive down the expense of farm operations includes buying bulk pesticides,

insecticides and coconut cord (used for the hop bines to climb up) to get larger discounts. Thus

making NYS farming cheaper and allow them to reach a hop price point closer to the PNW.

Clusters also enable a concentration of experienced labor (Sheffi, 2012). This can be

important especially when starting out. For example, famers who have begun production can

aid other farmers by inspecting designs and giving advice, helping to build the trellis system,

and sharing cluster knowledge of local operations.
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NYS government can also play a more direct role in cultivating the hop cluster dynamics.

Governments play critical roles such as controlling the use of the land, offering incentives,

ensuring educational assistance and enforcing regulations (Sheffi, 2012). In Singapore, the

government built a shared conveyor system for cement ingredient distribution. The companies

all collocated silos for their own production around the use of the government supplied

conveyance and now manage a more efficient industry with more potential for economies of

scale (Sheffi, 2012). NY can implement a similar infrastructure investment to allow for shared

resources to improve the efficiency of the hop industry and to increase economies of scale.

Alternatively, instead of a government-conducted program like Singapore, the allocation of

grant money for this very specific purpose could create an opportunity for a farmer to step up

and fill this role.

Another example of a government's efforts to help cluster economics is in Panama.

Panama reduced the burden on corporations wanting to establish business operations in

Panama by creating a one-stop location with information on permits and regulatory issues

(Sheffi, 2012). A similar approach has been successful in NY with the breweries, as the

Economic Development Board has created "Taste NY" to "provide information on permits,

incentives, and ways to start your business, continue your business, and to flourish in New

York" (Economic Development Board 2015). Avery successful marketing campaign has been

spun off of the platform (Cuomo, 2015). As the hop industry gains more economic impact, there

will be a significant opportunity for the state to invest in such programs to incentivize more

potential farmers.
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Governments also attract private investment by offering incentives such as subsidized

land, temporary tax abatement, loan guarantees, and preferential regulatory treatment (Sheffi,

2012). Incentives can attract farmers since hops are a unique crop; there is no yield in the first

year and only a partial yield in the second year in a hop plants life cycle, it is hard to turn the

value around from investment within the first two years. There could be some innovation in

financing here supported by the government; a potential two-year interest free loan or

deferred payment schedule to delay paybacks. It is hard to take out a loan to finance a project

when the farmer will be making payments out of pocket with no hop sales for the first three

years; a detailed analysis is conducted in section 5.3.

2.6 Summary

NYS has fostered a productive brewing environment. Taking advantage of the history to

catapult the industry back into prominence and providing support to brewers as they begin

their journey has created a new agrarian boom within the sector. The attention has been

overwhelmingly focused on getting the breweries to succeed and more research and analysis

needs to be done on how the same effort can be applied to the farmers.

To examine the issues highlighted in this review, my research focuses on the balance

within the state of hops used and hops grown to see where the laws can be altered to create a

more sustainable relationship between the breweries, The Farm Brewery Act and the farmers. I

will also focus on cluster analysis and applying collaborative technics to increase farming

efficiency and yield while driving down cost. I will also apply cluster theories to make

recommendations as to where funding should be focused and to where any further effort may

be best spent in additional research and programing.

33



3. Methodology
To examine the complexity of the evolving NYS Farm Breweries and contingent hop

supply, several different methods were employed to determine whether the legal requirements

of the relationship are sustainable. Methods were selected based on their capability to predict

brewery and hop growth while mapping trends to see the feasibility of the demand and supply

relationship.

First, it was necessary to predict the growth in the number of Farm Breweries and

compare it to that of hop farms. Then the current supplier and demand relationships were

mapped to establish geographic relationships and determine clustering potential. Lastly,

through the use of surveys, average production values were determined to create volumes of

supply and demand specifically to fulfill the need for the Farm Breweries.

3.1 Predicting Number of Breweries and Hop Yards

Several data sets were used to create a comprehensive list of all breweries and hop

yards to be evaluated based on location, size, and type of brewing license. These databases are

summarized in Table 3.1. For the breweries, a systems dynamics approach was employed to

model the industry growth and project future entrance into the market because a regression of

the data yielded inconsistent results. The hop yard growth is modeled based on growth trends

and survey results.
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Table 3. 1 Summary of Databases

Data Base Source Key Aspects

New York State New York State Date and geography of licenses issued

Brewery Licenses Liquor Authority via

Issued third party email

New York State NYS Department of Date and geography for when a person

Filing Entities State via website files an entity stating intentions to

become a brewery

Hop Yard Plantings North East Hop Date of field planting, number of hops in

in New York State Alliance via website a field and the geography

3.1.1 Predicting Number of Breweries

Several databases were utilized to extract the information necessary to trend the

growth in the NY brewing industry. These were gathered from the State Liquor Authority and

the NYS Department of State Business filings.

Liquor Authority Data:

To get better insight into how the brewing industry will grow, it is critical to find

quantitative models that predict how much more growth NYS will see over the next 10 years.

In order for a brewery to be in operation, it needs to have one of four brewing licenses,

discussed in section 2.1, issued from the State Liquor Authority. The number of active licenses

for breweries was obtained through the Carey Institute of Global Good from the State Liquor

Authority (SLA). Data was scrubbed9 to ensure valid entries and imported into Tableau for

analysis and visualization.

9 Scrubbing included spelling corrections on county names, eliminating partial data points, and matching
brewery name with filing status in the DOS database.
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Critical features of the data included the type of licenses issued, date issue and the

county location. Each critical feature will show the growth in the four separate classes of

breweries, trends in licenses issued over time and the proximity to other breweries.

Department of State Filing Data:

Licenses issued by NYS provide value by showing the trend in industry growth; by

including the NYS DOS filing data; the predictive power of the overall data set is enhanced.

Every entity in the NYS DOS filing database that had either "brewing" or "brewery" in its name

was recorded. These entities were used to calculate the average time from filing to receive a

license and accounting for recent filings that suggest a brewery will soon be getting its license.

The recorded entities took approximately 30 hours over two months to accumulate by hand.

The latest filing data recorded was conducted on 11/13/2015.

The results were recorded in alphabetical order; it was assumed that no other entities

were filed once a particular letter was passed. This practice assumes a complete data set even

though some businesses may have been started between the start of data recording and

completion on 11/13/2015.

Entity search was conducted within the NYS DOS "Corporation and Business Entity

Database" using two keywords contained in the name of the filing: "Brewery" and "Brewing."

The first search returned 157 entities and the second search returned an additional 429
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entities.10 This does not cover all the possible breweries in NYS but taking the percentage

increase as a rate indicates a representative change in the overall trend of filings.

Joining Data:

After both complete sets of data were cleaned, the sets were joined by using the names

of each brewery. This gave the filing date and the date when the original brewery license was

issued by the State Liquor Authority.

There are 289 separate licenses that have been issued in NYS. However, 28 Breweries

have more than one license, one of which has three separate licenses. This brings the number

of entities that have brewing licenses to 260. The distinction between individual breweries vice

licenses is necessary because the method of forecasting number of breweries is dependent on

the time from initial DOS filing time and time at which their license was granted. For breweries

with multiple licenses, the license they received first was used for this calculation. The number

of complete entity filing date and license issue date data pairs was 133.

In addition, there were active entities in the NYS DOS database that are very old. Some

of these entities did not have listings in the SLA database. One example is The Brewery, INC that

was filed in 1993. Getting the address from the NYS DOS database, it was verified they did not

hold a brewing license as they only served as a restaurant. Looking into all the older entities

that do not have a license led to filtering out the combination of older filed companies that do

not have a license.

10 The data was scrubbed to ensure accuracy. One case had coffee brewery in the name and was
identified as not being a beer brewery after further examination. Other entries were brewing supply stores,
brewery investment groups and brewing consultants. The assumption was made that all breweries and
brewing companies are considered to be brewing beer unless other information directs otherwise.
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Of the 260 listings in the SLA data, 99 did not have brewing or brewery in their name. It

was not practical or possible to do a search for all entities that have other key words that

indicate a brewery, so a factor was derived to get an upper bound on the number of possible

breweries opening. The percentage of licenses issued and the entities that do not have brewing

or brewery in their name was 38%. When predictive numbers are generated from the DOS

database, the number of potential breweries will be adjusted to add another 38% of possible

entries.

Taking the time difference in days between when the breweries were filed in the DOS

database and when they were issued their original license allows an average time to filing and

standard deviation to be calculated. To do this, the filings compared with the license issued

resulted in 130 records that paired for evaluation. Three had negative wait times. These were

assumed to be typos; another possibility is that a license was attributed to a brewery that

changed its name and would not reflect credible data. There were also some licenses that have

original issue dates very long after the DOS filing dates. Viewing these as outliers, from a data

entry error standpoint, any data pair that took more than 6 years to get its license was filtered

out. After these filters were applied, 108 data pairs were left to evaluate.

The data shows a peak in the number of filings and brewery licenses issued in 2013; this

can be seen in Figure 3.1.
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Figure 3. 1 Entities by Year of NYS DOS Filing Database

In reviewing the shape of the entities filing graph, the number of new entrants follow a

pattern similar to adoption of a new technology (Sterman, 2000). As discussed in section 2.4,

adoption behavior can be modeled using system dynamics. The model will provide the total

population of breweries at market saturation by deriving interactions that behave like the

above data set. Using the model as a system representation, the future growth of the filed

entities is predicted. The future filed entities will directly translate into future breweries.

Taking the fraction of recent filed breweries that are Farm Breweries and applying the average

length of time from filing to licensed brewery, one can calculate the delay in the market and the

timing of the increased demand from new brewers.
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3.1.2 Predicting Number of Hop Yards Required

NYS' ability to meet the demand from the Farm Brewery Act relies on the numbers of

hop yards. All active hop yards on the North East Hop Alliance (NeHA) website were recorded

for location, time of first planting, and name. Importing the data into Tableau to visualize and

analyze drives many insights as discussed in sections 4 and 5.

A major problem with the information gathered from this source is that the entrance of

new farmers is not necessarily communicated to the North East Hop Alliance when they are

formed since there is no requirement to participate in the organization. Leaving some of the

incipient hop farms out of the data set implies that NYS is capable of meeting more of the

demand than capacity estimates using NeHA information shows. Lack of complete data leads

to large errors inherent in any approach. For this reason, the current data will be used as a

base line against which all tiers of the Farm Brewery Act will be measured. Deviation from this

baseline hop yield shows the minimum state capacity increase needed to ensure sustainable

levels of the law's agricultural restrictions for hops.

3.2 Mapping Brewery and Hop Data

To determine how the relationships between breweries and hop farmers evolve, it is

necessary to record where they are forming. Entities filed are mapped and compared with

current licensed breweries. Graphics showing horizontal cluster areas consisting of a high

density of like entities are created. Of interest is breweries forming next to other breweries and

hop farms forming next to other hop farms. For vertical clusters, the brewery entities are

compared to hop yard locations assess vertical clusters between the hop yards and the

breweries.
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County was chosen for the location and derived from all three datasets. County level

aggregation provides sufficient granularity, allowing for analysis on a regional level and

provides an overall picture of both industries in the state. Counties are also a basic regulatory

unit that can make decisions on industry support for the geographic locations.

3.3 Determining Supply and Demand Volumes

Farm Brewery and hop yard numbers are critical in determining whether NYS can meet

the requirements of the Farm Brewery Act, but they do not connect the quantity of entities

with actual consumption and production. To fill this gap, a survey was sent to both the

breweries and the hop yards in NYS. The surveys can be seen in Appendix A and Appendix B

respectively.

Each survey consisted of a brief questionnaire to determine the average usage of

ingredients and collect feedback on what factors impact decisions to scale up and make

different sourcing decisions. With average volume numbers, both the current and planned hop

balances were created for each county.

The New York Brewers Association's private distribution email list was used to send the

survey to all breweries. 24 breweries responded: 11 of those were Farm Breweries. This gives

a representation of 11% of all farm breweries in the state.

Contact information from NeHA's database was used to email hop farmers. There were

113 farmers, 97 of whom had email addresses. 3 emails were returned as undeliverable. This

gave a distribution of 95 participants with responses from 34 farmers: representing 30% of the

farmers registered with NEHA, 31 were from NY.
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The data gathered gives insights into the concerns of brewers and farmers and how the

industry is currently growing. The hop balance for each county was calculated using Equation

3.1 by applying survey data to the number of breweries and farms gathered as described in

section 3.1.

Eq 3.1 Hop Balance = Pounds of Hops Produced - Pounds of Hops Consumed

Equation 3.1 represents the surplus or deficit in consumption for the county based only on the

demand of NYS grown hops by Farm Breweries. Mapping the hop balance per county shows

the strengths and weaknesses of the industry within NYS. A deficit can represent Farm

Breweries in a county not getting supplies. A surplus can also be a problem if distribution is

limited to that county and the local market becomes saturated.
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4. Results

Discussion of the results yields answers to the central thesis questions:

* Can government policy have an impact on the growth of an industry through economic

and financial incentives?

* Can direct incentive in the brewing industry cause growth in a complementary supply

industry?

* Is the current trend in industry growth sustainable given the Farm Brewer Act's

requirement to source from within NYS?

Determining whether the development of the Farm Brewing sector is occurring at a

pace that will exceed the supply growth hops, will answer the above questions through several

means; trends of the breweries and hop yards are used to draw conclusions on how the

industries are growing; different entities are mapped to evaluate geographic densities; hop

balance of each county in NYS is calculated and predicted into several future scenarios.

4.1 Trending the Growth in Farm Breweries Compared to the Hop Supply

Data from all three databases -- SLA licenses issued, NYS DOS filings, and hop yards

planted -- is displayed to show chronological trending of each sector. The three data bases

aligned in time are shown in Figure 4.1.
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Figure 4. 1 Chronological Display of Cumulative Data Base Entries Per Year

Figure 4.1 shows the cumulative number of entries aggregated to the annual level. The

"Count of Licenses Issued" curves show the number of active brewery licenses issued from the

SLA sorted by the first year of issue. The four license types correspond to D: Production

Brewery, FD: Farm Brewery, MI: Microbrewery, and MR: Restaurant Brewery. Each class is

given different benefits and limitations as described in section 2.

The "Count of Entities Filed" curve shows the aggregated business entities filed with NYS

DOS that have the word "Brewery" or "Brewing" in their title. A peak in state filings prior to the

peak in licenses issued reflects the time delay from when a person decided to go into business
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and when he or she actually gets a license as an operating brewery. Delays play a significant

role in predicting the number of breweries, as will be explained later in this section.

The "Count of Hop Yards" curve shows each new field planted in NYS by year that it was

first planted. Number of hops in each field varies widely from 10-10,000 but the number of

new hop fields planted per year gives a good indication of the activity and spread of the farming

trade regardless of the size of the farms. Actual production estimates based on the size of the

farms are described later.

Figure 4.1 shows a sharp decline in number of new farms in 2015 due to several factors.

First, the data received may be incomplete; there are farmers currently in production that are

not registered with NeHA, so they would not have shown up on this database. Second, based

on farmer interviews, it seems the widespread use of NeHA is also declining. For the purpose of

creating a conservative estimate of whether the state is on track for meeting Farm Brewery

demand, the minimum reported hop farms can still be used to get a baseline and show how

much growth will be required. A more detailed tracking of this agricultural sector will be

valuable for future analysis.

As shown in Figure 4.1, the parallel growth in the brewing and hops industries is striking.

The Farm Brewery Act was passed in 2012 and enacted in 2013; the parallel growth in Entities

Filed, Licenses Issued, and Hops Planted began well before the law was passed. In 2013 the

Farm Brewer licenses created a number of new breweries and made up a significant portion of

total licenses issued.

Rising brewery license issuance may not be fully attributed to the passage of The Farm

Brewery Act. Farm Breweries may have cannibalized the licenses that would have gone to
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microbreweries, shown in Figure 4.1 as the sharp decline in licenses issued for microbreweries

(MI) in 2013. From 2009 to 2012, many new breweries were forming as microbreweries. With

the passage of the Farm Brewery Act, many of those that would have pursued a microbrewery

license instead filed to become a Farm Brewery. For this reason, it is hard to attribute all the

expansion in the craft-brewing sector to the Farm Brewery Act. Over time, Vermont's passage

of a similar bill in 2015 (discussed in section 2.2) will provide more insight into whether the

stimulus actually drew more entrants into the craft-brewing sphere.

Seeing that the industry is working to foster growth in breweries and in hop farms, it is

important to determine geographically where in the state this economic growth is occurring.

4.2 Mapping The Databases

The three separate databases all contain address information to the county level. This

provided for good resolution to map the breweries, filed entities and hop farms. The resolution

is fine grain enough to provide heat mapping of small local areas. Small areas are preferred to

evaluate clustering in certain geographies. County level data is large enough to provide

information to each specific county in NY. Giving policy makers the ability to think holistically

about how the county contributes to the State's brewing ecosystem. The contribution can be

adjusted and encouraged base on proper incentives, such as grants or community involvement

programs structured around how active a county is.

Figure 4.2 shows the aggregation of each of the entries in the database based on county

location. The Hop Count was added to this set of maps to show a representation of capacity of

each county for hop production. Derived from the NeHA database, it represents the total hops

planted in each county by summing the plants from each of the farms in that county.
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Figure 4. 2 Entities Aggregated per County

The relative concentration of each of the entries is fairly consistent across databases.

The Finger Lakes region (Central NY) has both a large number of breweries and also a great deal

of the hops planted in the state.

As breweries are licensed, it is important to segregate where the Farm Breweries are

located compared to where all the operating breweries are. The heat-map of all the breweries

is then filtered for just the Farm Breweries as shown in Figure 4.3.
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Farm Breweries are shown to locate in regions that have other types of operating

breweries, which demonstrates that the regions that are growing the fastest are clustering. The

advantages, as discussed in section 2, of clustering are better knowledge exchange and sharing

of process improvements throughout the cluster to increase quality and capacity. Segregating

the heat maps by county also makes sense in the cluster formation since the tacit knowledge

exchange between brewers happens on a local level. Based on interviews with farmers and

brewers, the interaction between establishments and the development of the supply chain has

been largely conducted through word of mouth. Word of mouth has a limited range, as

establishments in a county or close proximity tend to interact with each other and are able to

create working relationships.

4.3 Hop Balance

To answer the central thesis question regarding the future feasibility of the Farm

Brewery Act, each county was evaluated for its hop balance as discussed in Section 3. The New

York State sourced hop usage must currently account for 20% of total weight of hops used
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(New York State, 2012). To estimate the amount of hops needed per county, survey data from

the brewers was used.

The 11% (11/99) of farm breweries surveyed reported an average production of 685

barrels, the largest brewery accounted for 2400 barrels, with an average hop usage of 1.40

pounds per barrel. The respondents currently average 41% of all hops being used as NYS grown

hops ranging all the way up to 95%. These survey results were confirmed by research done by

Cornell Cooperative Extension where they cite an estimated 740,000 gallons of beer produced

by 45 farm breweries in 2014 as reported by the NYS Department of Taxation and Finance

(Newbold and Thayer, 2016). A barrel is 31 gallons, so this represents a total of 23,871 barrels,

with an average production of 530 per brewery. The 2015 survey results showing 685 barrels

per year reflect brewers' 2015 estimates and differ by only 29% from the average in 2014.

This disparity can be accounted for by growth in the average production of each Farm

Brewery. Survey results of the 11 Farm Breweries resulted in an average increase in estimated

production volume from 2015 to 2016 of 73% to go from an estimated 2015 production of 685

to a 2016 production of 1191 barrels. The increased average production represents breweries

that are already in operation. Since more breweries are opening, it is reasonable to assume a

new brewery will start out smaller and begin to expand as it gains experience. Entrance of new

breweries will dampen the overall industry average production volume increase. Production

escalations show that Farm Brewers are aggressively expanding once they begin operation.

This will be critical in estimating the capacity that the NYS hop industry has.

Averaging the 1.40 pounds per barrel across the aggregated average production volume

per county, the total required hop demand was estimated. This estimate was then adjusted
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depending on a variety of scenarios that depict the progression through the NYS Farm Brewery

Acts' tiered requirement of agricultural usage. Taking a mature hop plant yield of two pounds

and multiplying it by the aggregate number of plants in each county, total hop supply in each

county was estimated. Demand for hops was then subtracted from the supply and the hop

balance showing either a surplus or deficit of production was calculated for each county. A

sample of the calculations is shown in Table 4.1 and the entire set of calculations for all

counties is shown in Appendix C.

Table 4. 1 Hop Balance Calculations

Average 20% AverageNumber Average Pounds Required Number Pounds 20% Current 60%
County Br Barrels of H of Hops Balance Balance Balance

Act
BRONX 1 685 959 192 0 0 -192 -384 -575
BROOME 1 685 959 192 0 0 -192 -384 -575
Cattaraugus 0 0 0 0 2.000 4,000 4,000 4,000 4,000
CAYUGA 2 1,370 1,918 384 4,055 8,110 7,726 7,343 6,959
CHAUTAUQUA 2 1,370 1,918 384 0 0 -384 -767 -1.151
Chenanao 0 0 0 0 560 1,120 1.120 1.120 1.120

Hop balance was then mapped to show each county to depict where the hop industry's

strengths and weaknesses are. Total surplus and deficit of each county was then aggregated on

the state level to show whether the state is currently capable of meeting the demand on the

hop industry. Conditions of the hop industry for the 20% requirement, what the current

average reported hop usage (40%) is and what the state would look like if the law were to

switch to 60% today are shown in Figure 4.4. This figure also shows the aggregated hop

balance of the entire state with the current 40% average NYS sourced hop usage. Calculations

estimate that NYS currently has a statewide surplus of 170,000 pounds.
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Figure 4. 4 Hop Balance in Pounds of Hops per County and State

Having only 11% of the Farm Breweries as respondents means that there could be some

outliers that have large volumes of production. The large outlier can skew the demand profile

of the state. To take this into account, a sensitivity analysis was done to see the point at which

the state would have 100% utilization of the hops from the farm brewers. Excel's Goal Seek

function was used to reach a point where the average brewing volume would necessitate every

pound of hops grown in NYS. Using 99 breweries and 20% NYS sourced hops usage, a factor of

10.865 had to be multiplied to the average barrels produced by each brewery to consume all

the hops produced. Representing an unlikely dramatic increase in production, bringing the

average barrels produced per year from 685 to 7443, a 987% increase in overall Farm Brewery
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production. Aggregation of sensitivity results can be seen in Figure 4.5.
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Figure 4. 5 Balance With Maximum Average Brewing Volume

With room for expansion, NYS is well positioned to handle any amount of demand

increase and uncertainty in the data that represents the current hop balance and requirement.

Sensitivity calculations need to be repeated to predict the future of the brewing volume and to

take into account more extreme scenarios. Two different prediction methods will be covered in

the next sections: short-term growth and long-term growth.

4.4 Short-Term Farm Brewery Growth

Short-term growth, for the purpose of this research, is defined as the growth in the

Farm Brewing industry in the three years from the completion of the data collection efforts.

Three years was chosen because it represents the amount of time most non-licensed entities

that are filed in the NYS DOS database will become an operating brewery. This time was

derived from joining the SLA database of licenses issued with the DOS database showing when

that licensed entity originally filed with the state of NY.
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The visibility of the potential breweries in the pipeline from the SLA's viewpoint begins

when an entity files for their license. The NYS DOS database gives even more advance warning

of the potential number of breweries in the pipeline. Each potential brewery will file with NYS

to become an entity before it makes steps toward applying for a license to brew. Once

registered as an official entity, the company can open bank accounts, lease properties and

begin hiring personnel for the operations.

Combining the two databases allows for visibility into the overall time lag between filing

and brewing. This time shift can be seen as a phase difference in the peak of maximum filings

per year and maximum licenses issued per year as shown in Figure 4.6.
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Figure 4. 6 Time Lag Comparison in Breweries
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Taking the 133 complete entity filing/licensing pairs, as discussed in section 3, the delay

time from filing with the DOS and being issued a license was consolidated in a histogram to

observe any trends (see Figure 4.7). It was observed that the delay follows a semi normal

distribution and, for the purposes of the estimation, a normal distribution is assumed. There

was a long tail of breweries that took a very long time to get their license. The length of one

brewery delay was 29.5 years. This could represent an erroneous data point or an outlier that

should not be considered in the data set. This large outlier would skew the averages and create

a large standard distribution that would mathematically slow the growth of the industry.

Altering the representation in such a way undermines the research question since a more

conservative approach would be to assume speedy movement from filing to operation. A filter

of 1599 days was chosen as a realistic cutoff due to the sparse cases that took greater time to

become operational. Any brewery taking longer than that would not represent a significantly

sized operation or may never open. After the filter was applied, 112 entities remained to be

analyzed. The histogram of the entity's delay times is shown in Figure 4.7.
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Using the estimation that the delay times would follow a normal distribution, the

average, median, and standard deviation were calculated to describe the population. The

results can be seen in Table 4.2.

Table 4. 2 Parameters of Delay Time

Parameter Value

Average 589.94

Median 537.5

Standard Deviation 312.03

Two standard deviations from the average filing time assumes that within 3 years and 3
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months (3.32 years or 1214 days) 95% of those in the pipeline will be filed, deriving the 3-year

cutoff defining short-term growth. Delay time characteristics are then applied to all relevant

entities in the NYS DOS database that represent potential breweries in the pipeline.

The relevant breweries to apply the delay come from the total of 550 active brewing

entities recorded in the DOS database that have either Brewing or Brewery in their name.

Filtering the total number of entities by those that have licenses gives 413 remaining potential

breweries. Some of these are very old and may represent failed attempts at breweries that are

still in the system. To choose an adequate filter range, 3 standard deviations above the average

length of filing was chosen to give a filter for DOS filing date to be newer than 1526 days since

filing from the date the data was recorded, 11/13/2015. This put the cut off date at 9/7/2011,

yielding 243 entities that would represent plausible new breweries and a failure rate of 41% of

entities to become a licensed brewery.

In comparing the licenses actually issued to the filed entities, 38% of the licensed

breweries do not have "Brewery" or "Brewing" in their name. Assuming this to be a constant

ratio, the database created by searching these key words would have missed 38% of the filings

that come from breweries or potential breweries. Multiplying the 243 entities by 1.38 to

correct for this factor yields 335 potential breweries in the pipeline.

Since the Farm Brewery Act has been in play, 189 licenses have been issued, 99 of them

Farm Breweries. On average, 52% of licenses issued are going to Farm Breweries, implying 175

potential Farm Breweries may open in the next three years.

Lost entities are considered as the factor of potential entities that will never become

breweries. Applying the 41% failure rate as derived above to the 335 prospective breweries in
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the pipeline results in 103 potential Farm Breweries. This gives the upper and lower bound to

be 175 and 103 potential Farm Breweries in the pipeline. Taking the delay time to be

approximated as normal, two standard deviations covers 95% of potential breweries filed. This

gives a range of 98+99=197 to 166+99=265 operating farm breweries 3.32 years from

November 2015. Table 4.3 summarizes the math used to calculate upper and lower bounds.

Table 4. 3 Summary of Approach to Calculate Short-term Growth

Range Potential Adjustment Proportion Failure rate Breweries Add in the
Entities for names expected to (0%) for after current

that do not become upper average operational
have Farm (0.41%) for time plus 99 breweries
"brewery" or Breweries lower two
"Brewing" (xO.52) standard
(xl.38) deviations

Upper 243 335 175 175 166 265
Bound

Lower 243 335 175 103 98 197
Bound

The short-term time frame corresponds almost directly to January 1, 2019, the date the

law jumps to the 60% usage requirements. For the purpose of determining whether NYS will be

able to support the industry, the high estimate of 265 breweries is used to estimate the ability

to supply the new demand.

Increasing total Farm Breweries from 99 to 265 is an increase of 168% in the industry

participants. The date on which this occurs corresponds directly to the 60% increase in NYS hop

usage, which will result in an overall increase of 703% of demand. Short-term expansion

scenario details are summarized and reviewed in context with all scenarios in Section 4.6.

Section 4.3 proved that the state capacity could cover a 987% increase in utilization.

Increasing demand by 703% in the short-term falls within the state's ability to satisfy the
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requirements of the Farm Brewery Act. A longer-term view needs to be conducted to see how

the supply base needs to grow to meet the next milestones of the law's tiered approach.

4.5 Long-Term Farm Brewery Growth

The Farm Brewery Act has its last milestone on January 1, 2024. This is when the last

tier of the regulation requires Farm Brewers to source 90% of their hops from within NYS. The

expansion of the industry needs to be predicted out to this time frame to see what steps must

be taken to ensure the hop supply base will still meet demands. The Bass diffusion model, as

discussed in section 2, was used to predict the saturation of the market with Farm Brewers.

Taking the DOS filing data as a filing rate per year the information was integrated to get

the cumulative formation of breweries filed in NYS. DOS filing rate and integration can be seen

in Figure 4.8.
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The shapes of these two graphs can be correlated to the diffusion model with the peak-

filing rate representing the inflection point of the s-curve. To create a model that would

simulate the diffusion of the breweries throughout NYS, Vensim simulation software, was used

to build a bass diffusion model to simulate the s-curve as developed in Figure 4.8 above. The

system created is shown in Figure 4.9.
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Figure 4. 9 vensim Diffusion Simulation Model

The system has three loops that drive the diffusion behavior. The first loop is the

balancing loop for adoption from advertising. Second, is a balancing loop for adoption from

word-of-mouth. Lastly, a reinforcing loop for spreading adoption due to word-of-mouth.
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System behavior is primarily driven by the advertising and word-of-mouth factors.

Advertising fraction represents a dimensionless variable that is used to calibrate the system to

create the behavior early on in the growth of the industry. With more effective advertising, the

growth occurs more rapidly as the industry evolves. The second driving factor is word-of-

mouth. As more breweries open, the appeal increases and the success gets talked about more.

This is the dominating growth of the industry. As the population of breweries begins to grow, it

reaches a rapid acceleration around 2009. This continues until the population of potential

breweries is reduced through adoption. Once a potential brewery files with the state, it is

considered an adopter now that it is an entity, and the population of potentials goes down to

zero. Once all the members have reached entity status, saturation has occurred.

Simulation runs were calibrated with 102 entities as the baseline zero point,

representing all breweries filed prior to 2002. The age of these breweries has little impact on

the "word of mouth" reinforcing loop, so they were removed from the simulation to prevent an

erroneously high word of mouth effect from new entrants to the industry.

The results of the simulation can be seen in Figure 4.10 for the Filing Rate and Figure

4.11 for the Cumulative Entities. To fit the curve, both graphs were viewed simultaneously and

the total error minimized by adjusting the coefficients used for Contact Rate, Adoption Fraction

and Total Population. In this model all of the potential adopters will eventually become

breweries, so the objective was to solve for the Total Population. This number represents the

saturation level of the number of entities that will be filed in NYS. Figure 4.11 shows that the

saturation of the market occurs in 2019 with 600 entities. The full comparison of collected data

and the simulation run showing growth out to 2024 can be seen in Appendix D.
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The 600 entity saturation level equates to 702 filed entities at saturation when adjusting

for the 102entity baseline at year 2002. Giving a value of 152 (702-550) new entities that will

be filed by saturation. After adjusting for 38% increased from naming conventions, as

described in section 4.4, the potential breweries increases to 210. The total number of
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breweries this method shows in NYS is the 702 entities adjusted by 38% to get 969 Breweries if

they are all successful. If the failure rate remains at 41% this number will be 562. The per

capita saturation brewing level is thus 3.7-6.2 as shown in Table 4.4. NYS population of 18 and

older was used to approximate 21 and older since the U.S. census data provides 18 and over

(U.S. Census Bureau, 2014). The per capita measure is a useful comparison to verify the model

does not predict a total brewery number that is infeasible. The range of saturation breweries

will put NY between 10th and 3rd for state ranking in breweries per capita if all other states

remains at the 2014 level (The Brewer's Association, 2015b).

Table 4. 4 Estimated Saturation Breweries per Capita over 18 years old. Population figures taken from Census.gov, potential
rankings compared to 2014 production statistics from The Brewer's Association.

Number of Population Population Breweries per capita Potential State
Breweries of NYS over 18 (100,000) over 18 Ranking

969 19,769,000 15,639,000 6.2 3rd

562 19,769,000 15,639,000 3.7 10th

Of the 210 new breweries that will form from filings after 2015 52% will file as a Farm

Brewery. Giving an additional 109 Farm Breweries in operation in addition to all Breweries in

operation after the projected short-term growth. A total of 99+175+109= 383 Farm Breweries

in operation by 2022 is calculated; increasing industry participants 287% from today's levels. In

2022 the requirement is still 60% sourcing and would represent a 1061% increase in demand.

This is just above the threshold the state can currently support as shown in Section 4.3. The

lower bound of the brewery growth can be achieved by applying the 41% failure rate of entities
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to become licensed breweries. Making the additional breweries licensed only 64. Giving an

absolute low estimate of 99+98+64= 261 Farm Breweries. For the calculations the high

estimate was used to show the maximum requirement scenario.

In 2024 the last tier is activated requiring 90% of the ingredients to be sourced within

NYS. Pushing the demand up to 1641% of what it is today; exceeding the current capacity by

59%. The current size of the hop industry in NYS will have to grow by 59% over the next six

years. There are some other important factors that should be considered when determining

the potential demand on the hop industry. These are explored in the following section.

This approach is an over simplification of the interactions within the industry but the

trend in the behavior has been seen and modeled in similar ways successfully in the past. The

sudden spike in 2009 may be caused by increased unemployment or the drive towards

'locavores' and the spread of word-of-mouth beginning as people found new ways to make a

living. These social factors as well as specific actions taken by NYS in the incentives passed

through the Farm Brewery Act impacted the growth of the industry. A detailed model is

outside the scope of this research but would be worth pursuing in the future. An example of a

more complex simulation can be seen in Appendix E.

4.6 Alternate Scenarios

The prediction methods utilized in sections 4.4 and 4.5 provide good indicators for the

number of Farm Breweries NYS is likely to have over the next ten years. However, many factors

can affect demand increases other than the increase in number of breweries. To explore the

impacts of the other factors several scenarios were calculated to show the overall impact on

the state's hop industry.
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For each step, a sensitivity analysis was conducted to see how much the average Farm

Brewery volume could increase before reaching maximum utilization. The reported average

hop usage of 1.4 pounds per barrel was also tested. According to the Brewer's Association's

Dick Cantwell (2015), breweries with an annual production of <2,500 Barrels averaged 1.55

pounds of hops in 2014. To see the effect of NYS brewers coming closer to the national average

of hop usage the factor of 1.55 pounds per barrel was used. A Final scenario was run at the end

of the market growth period that has hop usage at 1.55 and an increase in average brewing

volume to represent a cumulative effects scenario. The results can be seen in Table 4.5.
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Table 4. 5 Scenario Summary

Pounds
Avg. Number % of Hops Change State
Production of Brewery Per from Hop Capacity

Scenario (barrels) Breweries Increase Barrel Base Balance Utilization

Base Line:
20% (2015) 685 99 0 1.4 0 189402 9%
20% Max

Barrel
Production
(2015) 7518 99 0 1.4 997% 0 100%
3 yr growth
60% (2019) 685 265 168% 1.4 703% 55909 73%
3 yr growth
60% Max

production
(2019) 936 265 168% 1.4 997% 0 100%
3 yr growth
60% hop
usage
increase
(2019) 685 265 168% 1.55 789% 39574 81%
Saturation,
60% (2022) 685 383 287% 1.4 1061% 106%
Saturation,
90% (2024) 685 383 287% 1.4 1641% 21 159%
Saturation,
90%
increased
production
(2024) 1000 383 287% 1.4 2441% 232%
Extreme

Scenario
(2024) 1000 383 287% 1.55 2714% -258 256%

The cumulative scenario shows that the hop industry will have to more than double

before 2024 to ensure the market is sustainable. An even more alarming implication of the

scenarios is that the full capacity utilization is realized in 2019 if the average Farm Brewery is

producing 936 barrels of beer per year, only a 37% volume increase over three years. This may
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be the quickest limiting factor as the survey reports from Farm Brewers suggests an average

production increase of 73% in just the next year. The industry growth must be understood and

leveraged to ensure the farmers reach a statewide capacity that can sustain the Farm Brewery

demand.
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5. Discussion

The results of the analysis need to be contextualized into several realistic economic

areas and the assumptions made for the calculations need to be challenged. The need to

create efficient distribution of the hops to the breweries will be considered by applying a

distribution network. How clustering can help bolster both the brewing industry and the

farming industry when implemented directly will be shown. Finally, the risks to the Law's

success will be considered as well as possible innovations that will add value to allow the

industry to continue to expand.

5.1 Challenge the Assumptions

Many assumptions went into developing the predictive models that show the need for

hops in NYS. Assumptions are: trends in brewing remain the same, the quality of hops

produced meets brewers' expectations, and that all hops grown can be distributed effectively.

Trends over the past few years are that 38% of breweries do not have "brewing' or

'brewery' in their name and that the Farm Brewery will always make up 52% of all brewery

licenses given. These factors were key to predicting the future number of Farm Breweries. The

38% is a random exogenous factor and can reasonably be assumed constant. However, the

proportion of breweries that will be licensed as Farm Breweries will be impacted greatly by the

industry as it matures. The financial incentives and advantages change; as the law requires

more hops to be consumed in NYS it will put Farm Brewers at a disadvantage and the category

will not be as appealing as it once was. This is discussed further in section 5.5.

For hops grown in NYS to fulfill the demand requirements of the brewers, they need to

meet certain quality metrics. A brewer looks at the alpha acids, beta acids and ultimately the
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aroma. New farmers entering the market may not have great quality, which is dependent on

specific amounts of water and fertilizer. The ability to consistently produce high value products

will be increased through horizontal clustering, which will be discussed in section 5.3.

Based on a discussion with the owner of The Bineyard, the small scale of the NY hop

yard may eventually have a quality advantage over the large-scale producers in the Pacific

Northwest. Such large producers need to harvest at specific windows or they may miss the

harvest window due to the need to harvest large quantities. A small-scale yard can be more

responsive to ideal harvesting conditions, delaying or speeding up harvest times to acheive

maximum quality (Chad Meigs, Personal Communications, 27 December, 2016). This may give

the NYS hop a quality advantage over other hops produced globally.

The success shown by the model also assumes that there is a completely efficient means

to distribute the hops. The aggregation of hop production will prove that the state can support

the requirements of the law. Ensuring the hops are distributed effectively will present an even

more difficult challenge. A brewer from Hopshire Farm and Brewery, Freeville, NY, described a

NY hop farmer who could not find a buyer for 75 pounds of pelletized Cascade hops, a hop that

is the most popular varietal to brew (Randy Lacey, Personal Communication, Dec 26, 2015).

One brewer in the survey reported the necessity for a directory of available resources, which

lists variety, quantity and cost. Brewers need to find NYS farmers, and farmers, in high hop

density producing counties, are not finding buyers. In order for the law to effectively be

implemented, a system should be created to address these problems. Characteristics of a

potential system are discussed in section 5.4.

The last major assumption is that farmers are selling the hops only to Farm Breweries.
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The predictive model takes 100% of the production capacity and assigns it to the Farm

Breweries. However, a farmer will realistically sell to any type of brewery. There is demand for

locally grown hops as the locavore trend adds strong marketing power to any beer. Based on

survey results, some microbreweries are in fact utilizing NY grown hops. As the production

becomes more efficient and farmers reach economies of scale that reduce the production cost,

more local brewers will want to purchase NYS hops outside of the Farm Brewery market

segment. If a significant amount is sold to microbreweries or to other states, it will impact NYS'

ability to meet the required demand from the Farm Breweries.

5.2 Real World Farmer Behavior

The hop farming industry is driven by the Farm Brewing industry but is impacted by

many other factors that need to be understood to drive growth in the industry. There are many

reasons why hop farmers get into the business, whether they will expand or not and the

challenges they face as additional matters. Insights into these behaviors were gathered

through interviews and the results of the survey described in section 3.3.

NY's ability to reach the capacity requirements shown in Table 4.5 is dependent on

having more farmers enter the market and current farmers increasing the scale of their

operation. Based on survey results of 33 NY hop farmers, the biggest obstacles to overcome in

starting a new farm are 1) ability to scale up large enough to be commercially viable, 2)

expense, and 3) risk of failure. Once established, these farmers report that the greatest

difficulties in scaling up are 1) not having a pelletizer 2) not having long term storage freezers 3)

not having the harvesting capacity. Most of these concerns can be mitigated through

collaborative relationships and establishing business dynamics associated with the formation of
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hop industry clusters. Cluster advantages and costs associated with several business strategies

are discussed in section 5.3. Despite these difficulties, 58% of the survey respondents reported

that they are expanding their hop yard production.

Several Breweries are growing their own hops on site as well. The dependency on their

own hops varies greatly based on volume of production, and the reasons they are growing their

own hops has a wide range. For example, Baucus Brewing Company on Cayuga Lake planted Y4

acre to grow hops they can experiment with to prototype new unique brews. Randy Lacey, one

of the owners of Hopshire Farm and Brewery, a brewery in Freeville, Tompkins County, grows

some of his own hops, in part because he is dedicated to local sourcing and also because of the

market value of having hops in front of his brewery: the trellis system in front of the brewery

catches the eye of passersby and attracts more business (Randy Lacey, Personal

Communication, Dec 26, 2015). Another survey respondent reported that he is planting his

own hops due to the expense of NYS hops and the need to reduce operating costs.

The initial outlook based on interviews and survey results is positive when it comes to

NYS's ability to meet capacity requirements. However, this optimism does not account for

people who will quit the business and farmers who will lose their crops. One long-term farmer

reported losing the entire crop to downy mildew after 5 years of operations. Also a large

portion of respondents reported that their involvement is mostly on a hobby basis, implying

they will not scale up. For NY to grow the industry, more farms need to reach commercial scale

through investments or from collaborative relationships that share production assets.

5.3 Cluster Advantages

Cluster dynamics can be applied to the industry to create industrial efficiencies that will
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reduce the cost of producing hops in NYS and allow more farmers to grow to commercially

viable scales. Clusters form through the coalescing of companies in the same industry that

work in the same region. Although members of a cluster are technically competitors, a

symbiotic relationship forms that improves all members in the cluster. Improvements

anticipated in hop clusters will include increasing the quality of the hops produced, allowing for

shared resources that reduce individual investments, creating flexible processing and storage

capabilities, and lead to more innovations.

Hops can easily be grown, but a plant may not produce hops that a brewer will want to

buy. Brewers purchasing habits can include very specific aromas and acid contents for the beer

they are preparing to make. If a farmer is new and does not utilize proper watering and

fertilizing routines, the hop yield will not be of high enough quality to sell. When establishing a

new farm, having local farmers, who are producing quality hops nearby, become mentors in

that cluster will allow an avenue for sharing best practices. Tacit knowledge exchange will

create a higher quality of hops in each farm within the cluster, resulting in the region becoming

more attractive to more brewers thus creating a net positive result in market presence.

To achieve growth in the supply of hops, the industry requires more farmers to enter

the market and the current farmers to increase production. In the current economy, becoming

a hobby farmer is very lucrative. Hobby farming equates to a farm that can harvest all its hops

by hand and does not make significant equipment investments. A single plant takes

approximately 45 minutes to harvest by hand (Ten Eyck and Gehring, 2015). A X acre of hops

can plant approximately 250 hops. Most hobbyists will invite friends over to help with the

harvest. The 4 hobby farm would require 187.5 friend-hours to harvest and approximates the
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biggest operation feasible without purchasing major equipment. In a Net Present Value (NPV)

calculation, a hobby farmer can see Internal Rates of Return (IRR) of over 97% and a payback

period of three years. As an investment, this is significant but will yield only around $4675 a

year in net profit. This calculation assumes that whole leaf hops are dried and sold slightly

below market rate for pelletized hops at $11 a pound, and a full weekend of 10 volunteers

helping to complete the harvest. Hop plants can produce for up to 50 years so the revenues in

all NPV calculations assume perpetuity of cash flows. The full NPV calculation and assumptions

can be seen in Appendix F.

Entering the market as a commercial scale hop producer requires purchasing a

mechanical harvester, oast, and pelletizer. These investments can be prohibitively expensive

and an itemized list of initial supplies is shown in Table 5.1.

Table 5. 1 Initial investment Expenses

Item Cost

Hops $7 each

Trellis System $15,000

Mechanical Harvester $50,000

Electrical Support for Harvester $10,000

Oast $25,000

Pelletizer $5K

With this increased investment, a much larger hop yard is required to achieve payback

from the income. In calculating NPVs for a commercial hop yard, two employees are assumed
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on the payroll as expenses. In order to have a zero NPV, representing an IRR of 10% and pay

back period of 11 years, planting 2.68 acres is required. A farmer would need approximately 4

acres to make a sustainable living of the hops. The break even and sustainable living

calculations are shown in Appendix G and H respectively.

To transition from a hobby farm scale to a commercial scale without the investment, a

farmer can establish relationships with other local farmers, allowing several options to share

resources. A farmer can lease out the harvester operating time and sections of an oast to other

farmers. They may also purchase the hops at a reduced price and then process all of the hops

as one farm. Buying from small-scale farms to process and sell requires ensuring quality hops

are being produced from smaller farmers. Quality production will improve as an incentive is

created to share best practices. This will create a tacit knowledge exchange as farmers within a

cluster create a working relationship.

As the working relationships are established, each farm will have more options for

resource utilization. This will increase flexibility in the production process and allow farmers,

who will not make the investment, to reach more economies of scale through leasing

equipment near them or creating a relationship that sells unprocessed hops to a larger farm

who can handle more capacity then they are growing. A map of hop farms and suppliers that

are willing to partner for different aspects of production can be found on NeHA's website. The

map is shown in Figure 5.1.

Four of the locations represented offer pelletizing services. It can be seen that there is a

void of collaboration and clustering in the Adirondacks but Central NY is staged to promote

faster industry growth by having access to resources that will ease the transition to scaling up.
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Figure 5. 1 NeHA's Map of Services for Hop Farmers. Taken from Northeasthopalliance.org

As the capacity of farms increases, they will begin to produce more than can be sold

immediately after harvest. This represents further opportunity to create a symbiotic

relationship for vertical and horizontal clusters. Of the 31 farmers who responded to the

survey, they ranked ability to freeze hops for long-term storage, second in their concerns for

expanding the scale of the hop yard, behind being able to pelletize. As farmers begin to form

horizontal clusters, one farmer can focus on investing in freezer space, while another can focus

on pelletizing or harvesting. There is also opportunity to collaborate across a vertical cluster

with storage capacity. As farmers build relationships with brewers, some brewers may help to

alleviate storage problems by ordering in larger quantities and providing their own storeroom

on site at the brewery for many batches of brewing.

Clusters increase an industries propensity for innovation (Sheffi, 2012). This cluster will

produce innovations that should bolster both the vertical and horizontal clusters around the
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alcoholic beverage industry. Innovations can come from close coordination between what

brewers want to create for new flavors and aroma and what farmers decide to produce. This is

pertinent to creating a resilient farming industry and will be discussed in detail in section 5.5.

Another critical clustering effect will be to create a distribution system that supports

where the majority of farmers and brewers are. Creating a system that can optimize the

distribution of NYS hops ensures that brewers are getting an efficient supply and farmers can

sell their hops easily within the state.

5.4 Network distribution

An efficient distribution system is needed to optimize the state's supply of hops. As

discussed in section 5.1, where there is a large surplus of hops in a county, there is an increased

chance of farmers in that county being unable to find local buyers. A single distribution system

that has visibility on the entire state hop supply and farm brewery demand could ensure that

counties with surpluses can effectively supply counties with deficits.

Current Supply Chain

Supplying a Farm Brewery with its main ingredients takes four supply channels: NYS-

sourced hops, hops imported from out of state, NYS-sourced grain, and grain imported from

out of state. This supply chain is visualized in Figure 5.2.
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Figure 5. 2 Farm Brewery Supply Chain. Graphics from Noun Project, 2016.

The grain farmers produce barley that needs to be processed by a malt house before

being sold to a brewery. Hops arrive at the brewery via three channels: larger farms process

and sell hops directly to farms; small hobby farmers sell hops directly to the brewery or they

sell to a larger local farm for processing; breweries import hops from out of state sources. A

malt house can act as a consolidation point for state grown barley and have a wider view of the

distribution network. Although some farmers buy from many local small farms, no such

consolidation points exist for hops. A coordinated distribution entity could align the hop

harvest as shown in Figure 5.3.
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Figure 5. 3 Hop Supply Chain With a Market Platform. Graphics from Noun Project, 2016

Several different approaches can be taken to create such an aligned system. Two

options are to create a digital coordination platform created as a two-sided market platform or

to have an entity act as a consolidation point that would have visibility on the entire market.

Two-Sided Market Platform

A two-sided market platform connects sellers with buyers through the use of a platform

and a platform manager (Ke, 2012). In small markets, the dynamics of a two-sided platform can

help to corroborate efforts to increase the communication between buyers and sellers and

improve the efficiency of the flow of goods. The more sellers that the platform attracts, the

more buyers it will attract as well. The function of this network and goal of the platform

manager is to optimize the market by creating efficient transactions between user groups.

Platform managers have no actual ownership of the goods. The effectiveness of a market
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platform is achieved only when it has a critical mass of users. Critical mass is where the value

added is more than the cost of operating the platform (Ke, 2012). A market platform example

can be seen in Figure 5.4.

7S

Industrial Cluster Market Platform Market

. Flow of goods

. . -> Flow of platform operations

Figure 5. 4 Market Platform (Ke, 2012)

An example of the two-sided market platform for hops can be seen at Lupuplin

Exchange (www.lupulinexchange.com). This platform allows users to post hops for sale and

brewers to search the database for the desired amount and varietal. The value added to the

industry is the ease of connection and ability to search for exactly what a brewer needs. For

this service, a 5% fee is added to every transaction (Bryce, 2014). The willingness to pay the

extra 5% and the demand for the service is evident in their sale facilitation of 395,450 pounds

of hops (The Lupulin Exchange, 2016). A simple way to meet the needs of NY brewers and

farmers would be to add location grown to the search functions of the platform so farm

brewers could easily find specific NYS growers.
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A platform of this type could create a channel for marketing and distribution of NYS

hops to brewers outside the local county and town relationships. This method would provide

effective information transfer but would not have any method to optimize the supply

relationships and may still leave some farmers with excess crops that they cannot sell.

Consolidation Point

A consolidation point system would be able to optimize the supply and demand

relationships within the state but would come with a lot more effort on the system

administrator's part. A consolidation system could be a digital platform where one entity

coordinates the purchase of all the farmers hops and then distributes the hops at market price

to different brewers. A physical consolidation point could be created where one entity makes a

large investment in processing equipment and storage capacity and buys and consolidates

farmers' crops.

A digital consolidation system would have three options for distribution: utilize drop

shipments directly from a farm to a brewery, have warehousing and storage capacity to act as a

central distribution center, or a combination of the two.

The consolidation point provides many advantages to the industry. Interviews with

Amit Prasad, Senior Director for Supply Chain Engineering Research with Coyote Logistics,

confirmed the value of such a system. Coyote Logistics is a third party logistic provider that

coordinates truckers with organizations needing goods shipped (Coyote, 2016). This is

analogous to what the consolidation point would do for farmers needing hops sold.

Coyote provides the avenue for any sized trucking operator to manage the product flow.

Coyote houses all demand and source data to match the carrier and need to move the product.
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Revenue dynamics require the 3PL to have some margin. Their income stream is derived from

having companies pay a contract rate to Coyote and paying shippers the spot market for the

service. The company will end up at a loss when the spot market becomes higher than the

contracted rate but through careful negotiation, the company can move something at a loss

and still have overall profits by carefully constructing a portfolio of customers. The value

proposition of this relationship is developed to always give a trucker a load to ship even when

there is scarcity of demand. The coordination of all the supply and demand data allows the risk

pooling of the entire market through a single digital node. Through smart matching, level

loading of the system ensures even the smallest trucking company gets business (Amit Prasad,

Personal Communication, Jan 13, 2016).

A similar system created to optimize the hop industry could create savings in

distribution and provide for a constant demand for even the smallest farmers. Since the

consolidation point is managing product flow, the platform can buy from a farmer at a loss to

keep them in business knowing that the company can make it up in volume and other business.

Risk pooling of the industry can ensure more farmers stay in the market and the decision to

scale up no longer needs to account for finding more customers. Knowing the brewing desires

and having open communication the consolidation entity could also optimize brewers' order

behaviors and manage the hop inventory for them.

A consolidation point system would need to be very active in the industry and create a

large gathering of buyers and sellers willing to participate. This system would also need to

ensure quality of hops and have some sort of inspection process, as the distributor's reputation

will be based on the hops that they contract. This system has more potential to actively

80



optimize the NYS hop industry but would also require a much more dedicated effort with

logistics and investments.

5.5 Future Risks to the Law's success

The Farm Brewery Act of 2012 has created a great stimulus in the farming industry but is

not without concern for the future impact in the state's economy. The volatility in the hop

market can put strains on farmers and brewers, enforcing a 90% hop usage will create

limitations of beer variety due to the limited variety of hops grown within NYS, and as

breweries scale up, the increased cost of using NYS ingredients will begin to play a larger part in

effecting their profit margins.

Volatility in the Hop market

Hops as a commodity are susceptible to large price swings. These occur as brewing fads

change and as season production volumes are affected by weather and disease. Both brewers

and growers favor contract hops to avoid the spot market because they reduce volatility in a

product that historically has had great price fluctuation. "There won't be much hops, if any, on

the spot market. So if there is anything on the spot market, it will be a relatively higher price.

Especially with people contracting for growth," said Bryan Bechard, managing director of the

Country Malt Group (McMillan, 2014).

The most volatile of these varieties are the hops favored for IPAs: proprietary multi-use

varieties such as Citra. Citra was contracted for $10.33 per pound through the Country Malt

Group for 2014, though spot prices for the hop in 2013 could hit up to 168 percent of that cost

($17.35 per pound through Hops Direct) and more before selling out. "They don't kill you, but

those are the ones I'm definitely long on the contracts ... for that specific reason," said Tim
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Hawn, brew master at Dogfish Head Brewery in Milton, Delaware (McMillan, 2014).

Fluctuating hop prices put risk on both farmers and brewers. If there is a surplus of a

certain varietal, then the spot price will be low, resulting in less revenue for farmers. Many

farmers are very small scale and a large variability in price would have an enormous impact on

profitability. The risk is also put on brewers with smaller margins due to regulated use of NYS

hops. If they are buying a more expensive NYS sourced hops the margin is already reduced

leaving Farm Brewers more vulnerable to difficulties in operation through the volatility in

market prices for hops.

Educating brewers and farmers on these vulnerabilities will create better-informed

investments and business owners that create sustainable business practices around the

liabilities. The Carey Institute of Global Good, located in Rensselaerville, NY, hosts many such

events on starting a brewery or farm. Besides the operations and logistics of each venture, the

economics and how to prepare for such events need to be taught. The importance of long-

term contracts to hedge against market volatility should be emphasized at these workshops.

Larger breweries have more market power for contracts and work more aggressively to

secure long-term hop contracts. This can also put smaller Farm Breweries at more risk as the

NYS grown hops may meet the required demand but large breweries will contract for the

supply leaving smaller brewers to purchase on the spot market after quality large scale farms

have been contracted with.

Varietal Limitations

The Farm Brewery Act will become restrictive for brewers as it implements the 60% and

90% in-state sourced ingredients due to the limited varietals grown in NYS. Introducing recipe
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limitations will impact the types of beer that farm brewers can brew and label as a NYS

beer. This in turn will impact their product variety and cause a possible loss of

customers. Variety is limited for several reasons: NY climate is prohibitive for some plants and

non-availability of proprietary hops.

Only limited varieties are currently grown in NYS due to the climate and the prevalence

of diseases. Steve Miller from Cornell Cooperative Extension advises hop farmers to grow

disease resilient varieties (Ten Eyck &Gehring, 2015). When the law starts to require 90% by

weight of hops, this will introduce recipe limitations that will impact the types of beer that farm

brewers can brew and label as a NYS beer.

Another significant limitation on beer variety will occur because of the non-availability

of proprietary hops. Some companies develop new strains of hops specifically for different

aromas and bittering characteristics. These hops then become intellectual property of the

producers. Select Botanicals, of Spain, is a company that creates such hops and has full

ownership over Simcoe and a half stake in Citra hops, two of the most popular varieties. The

company that has the intellectual rights to proprietary hops will select specific farms to produce

the varietals (McMillan, 2014). According to Paul Guarraci of Fairport Brewing Company,

Fairport, NY, NYS IPAs will become uncompetitive at the 90% requirement due to the high

expense of NYS hops and due to the fact that "none of the [NYS] growers are growing the fruit-

forward hop varieties that are in the top-rated hopped beers today, for examples varieties such

as Amarillo, Mosaic, El Dorado, Equinox, Lemon Drop. These beers use a lot of hops, as in 4-5

lbs/bbl" (Paul Guarraci, Personal Correspondence, 14 March 2016). Many of these varietals are

proprietary and the chances they will be grown in NY are limited.
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NYS must come up with research to expand the hop varietals' resilience to disease and

at the same time create policies that will require hops produced in NYS but allow for some

concessions for outsourcing to maintain a competitive product line. Without this flexibility,

breweries will have to switch away from being a Farm Brewery to a microbrewery. NYS hop

farmers will be placed in a tough position, as the demand for their hops will decrease

dramatically.

Growth of Brewery Size

NYS hop farmers are also susceptible to Farm Breweries reclassifying as microbreweries

when they scale up to larger production volumes. If the price of NYS hops remains high, it will

present a more significant proportion of the overall spend for a brewery when the variable cost

of brewing dominates the income statement. The variable cost of total hops at larger scales

will start to outweigh the economic benefit of sourcing from within NYS.

Brewers have chosen to start production as a Farm Brewery largely due to its diverse

advantages over the other filing types. The number one ranked incentive, according to survey

results, has been the ability to sell a pint of beer at the taproom in the brewery. With the

passage of the Craft New York Act of 2014, this advantage is no longer unique to Farm

Breweries (Governor Cuomo Signs Craft New York Act, 2014). All breweries are now allowed

sales by the pint and by the bottle. While advantageous for the craft brewing industry, this will

place the farmers, who have invested in larger scale operations, at risk of losing demand.

When producing thousands of pounds of hops at inflated NYS prices the bottom line of

the brewery is going to see a big impact. For example, Good Nature Brewing, LLC is planning a

$4.7 million dollar expansion. They will go from producing an estimated 1,200 barrels in 2016
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to a volume between 5,000 to 10,000 (Brewer, 2016). Taking conservative estimates of

imported hops priced at $8 a pound and NYS sourced hops priced at $15 a pound the sourcing

decision impact was calculated and compared to the average Farm Brewery size. The results

can be seen in Table 5.2. Good Nature Brewing is dedicated to sourcing local and providing a

positive economic impact to the local community. (Brewer, 2016) This comes at a cost, Table

5.2 shows that if they reach 10,000 barrels a year in production, they will incur an extra $98,000

in sourcing expenses by meeting the NYS 90% requirement if that business model remains in

place to 2024.

Table 5. 2 Comparison of Cost of Sourcing Hops

Cost of
Hops Total Minimum Cost of Percent
Per Hops Required Import Total Cost if all more
Barrel Barrels Needed %NYS NYS Hops Hops Cost Imported Difference expensive

1.55 685 1062 20% $3,185 $6,795 $9,980 $8,494 $1,486 18%

1.55 5000 7750 20% $23,250 $49,600 $72,850 $62,000 $10,850 18%

1.55 10000 15500 20% $46,500 $99,200 $145,700 $124,000 $21,700 18%

1.55 685 1062 60% $9,556 $3,398 $12,953 $8,494 $4,459 53%

1.55 5000 7750 60% $69,750 $24,800 $94,550 $62,000 $32,550 53%

1.55 10000 15500 60% $139,500 $49,600 $189,100 $124,000 $65,100 53%

1.55 685 1062 90% $14,334 $849 $15,183 $8,494 $6,689 79%

1.55 5000 7750 90% $104,625 $6,200 $110,825 $62,000 $48,825 79%

1.55 10000 15500 90% $209,250 $12,400 $221,650 $124,000 $97,650 79%

4.5 1 4.5 90% $61 $3.6 $64 $36 $28 79%

When brewing a very hoppy IPA, currently very popular, brewers are using a large

amount of hops. Taking a single barrel with a hop content of 4.5 pounds of hops, as is required

for very hoppy beers, the difference in a single barrel would become $28 (shown in Table 5.2).

The revenue from a barrel of beer is shown in Table 5.3. The revenue needed for a NYS sourced

IPA to have a similar percentage of cost would be $2,666, representing $10.75 a pint. That
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price point implies sourcing NYS hops provides a total value added to increase the retail price of

a pint by 79% to meet the cost of using the NYS ingredient.

Table 5. 3 Percentage of Margin from NYS Hops Used

Brewing Gallons in Pints in a Revenue Cost of Percentage
With a barrel barrel assuming hops of cost

$6 a pint

Imported 31 248 $1488 $36 2.4%
Hops

90% NYS 31 248 $1488 $64 4.3%
Hops

If the economic incentives of operating a Farm Brewery and competitiveness of that

license class are removed the dedicated demand on NYS sourced ingredients will be removed as

brewers gravitate away from the Farm Brewery in favor of the microbrewery. The law will have

created a bond between the Farm Brewery and the hop industry. While more and more

breweries opened up more and more farmers planted hops. An operating brewery can easily

switch licenses but as hop farmers lose their customers they will not be able to stay in business

if the cost of producing hops in NYS remains relatively high as compared to outsourcing. In

order for farmers to stay in business they will have to find ways to meet the price point of

imported hops.

It would be devastating for a hop farmer to switch directly to meeting imported hop

prices in an attempt to stay in business. The NPV calculations as shown in section 5.3 were

recalculated using $8 a pound for the average of imported hop prices and the affect on

operations is dramatic. After the advantages of depreciating the initial processing equipment a

farmer that was once going to make $70,000 a year is now operating at a loss. In order to reach
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a similar income with reduced revenue per pound a scale to at least 9 acres must be achieved.

These two scenarios are shown in Appendix I and J respectively.

For long-term viability the hop farmers need to create a more resilient operation before

brewers begin to realize the diminishing returns of sourcing within NYS. Great supply chain

strategies focus on expected future operations and value brought to the business (Perez-

Franco, 2016). A hop farmer is a link in the brewer supply chain. As the breweries become

more complex they will make strategic changes to optimize operations. For a farmer it will be

important to maintain external consistency" by adapting to the changing environment to

match brewer's evolving needs. (Perez-Franco, 2016). This can be done through increase

economy of scale, reducing cost of operations through clustering and creating unique hop

varietals.

The 2014 Craft New York Act included $2 million dollars in Craft Beverage and

Promotional Grant funding (Governor Cuomo Signs Craft NY Act, 2014). The expansion of Good

Nature Brewing is supported by a $350,000 grant. To help farmers reach economies of scale a

dedicated grant program investing in the industry could be signed that will provide more direct

economic stimulus for farmers to increase hop yard sizes.

According to Kevin Mullen of Rare Form Brewery, Troy, NY, some NYS farmers are

looking to the market to choose what varietals to grow. Collaboration between brewers and

farmer to develop better NYS varietals would create a competitive advantage for farmers in the

state. The resiliency of the demand would increase if farmers stayed in front of trends by

innovating unique NYS aromas and bitterness profiles (Kevin Mullen, Personal Correspondence,

11 External Consistency is alignment of the supply chain strategy to be consistent within the environmental
context its operations (Perez-Franco, 2016).
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3/22/2016).

If NYS hop farmers cannot get the price of NYS hops down and brewers gravitate away

from the farm brewery license, it is likely that most hop farms will not be able to remain in

business. Differentiating themselves from the rest of the market and collaborating with other

farmers and the state to reach larger scale farms would increase the resiliency of the industry

and prevent it from requiring a relationship established by the Farm Brewery Act.

5.6 Possible Innovations

Several actions can be taken to improve the positioning of the hop industry and ensure

that the supply will be able to meet the requirements that the Farm Brewery Act places on the

Farm Brewers. Innovations in specific financing, research into growth options and innovation in

strains of hops that are disease resilient and efficiency in the brewing processes that change

when and how much hops to add.

Investing in a hop farm is a unique business venture. Hops have zero yields in the first

year and only 60% in year two. It takes three years to begin to realize the full potential of any

investment. Taking a traditional fixed rate loan will put a significant stress on the owner, as

payments will have to be made out of pocket until revenues can be realized. Specific hop

farmer loans similar to college loans could be established by the state. An investment in

education is similar to an investment in a hop farm, as both will not payoff for years after they

are made. Establishing a creative financing option that reduces the risk for the farmer since

there is a 3-year wait for return on investment would remove some of the fear of failure for

entrepreneurs to being in the industry.

Advances in the resilience of hop strains to insects and diseases would further protect
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the industry. Research that can create new varieties that can withstand Downey mildew and

other adversaries that farmers face will reduce the cost of operations. This will help farmers to

reduce their price point and be closer to general market prices.

When creating very hoppy beers, excess activity costs come from large inefficiencies in

the brewing process. There are multiple stages of hop addition and some late additions are

specifically for aroma and the alpha and beta acids are lost. Using hops for either bitterness or

aroma leaves half of the resource in a hop unused during that stage. If innovations in brewing

could create better process efficiencies, the average pounds of hops per barrel can be reduced.

When brewers create new technologies, every hop farm's yield will last longer. Advancement

in brewing processes will impact the entire brewing industry, not just NY Farm Brewers.

When looking at all the impacts from changes to the law and processing, one must make

space for innovation to revolutionize how normal business is conducted. Changes in financing,

variety resiliency, and brewing technology may create positive disruptions that help to propel

the NY brewing and farming industry forward.
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6. Conclusion

The New York State hop industry is in its nascent stages. Regaining the prominence it

once had in the late 1800's is unlikely, but its ability to meet the demands placed on it from the

Farm Brewery Act is likely. Many interested parties want to contribute to this new industry. If

they work together and create efficient relationships that collaborate to reduce the cost of

reaching economies of scale, more farms will be able to succeed in the long run. Many other

significant findings were discovered during the process of this research that would all help the

industry evolve:

* Legislation can create an economic impetus to develop new industries. It is unclear if

the number of total breweries would be much different without the Farm Brewery Act

but it certainly stimulated the revitalization of the hop farming.

* Multiple government databases joined together can create more inferential power into

economic trends. Combining DOS filings with licenses issued allowed creating a more

comprehensive brewery formation timeline.

* Estimating potential breweries from the current entities in the brewery pipeline can

derive the short-term, three-year outlook, for the hop supply in NY. The state looks to

be able to meet all the hop supply requirements with its current installed base of

farmers.

* Through the Bass Diffusion Model a predictive system can be created anticipated

industry saturations. The NY Farm Brewery population can expect to reach saturation

around 2021 at 383 if no other interventions are taken to change the market dynamics.
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e As Farm Breweries enter the market and become more mature the average volume

production across the market segment will increase. By 2022 it can be reasonable

expected that the hop industry will need to expand significantly to ensure the

requirement of the law will be achievable and more than double before 2024.

* As Breweries scale up in volume the marginal effect of higher hop prices from NYS

farmer will become significant enough to warrant changing brewery license categories.

If this happens farmers will have to meet PNW price points to remain competitive and

commercially viable.

Long-term success in the farming industry will be reliant on farmers planning to make

profitable margins while striving to reach market prices. Driving down the costs of production

and reaching a scale that can compete with the Pacific Northwest will ensure that the NYS hop

industry remains a reliable source for the entire craft brewing industry, not just Farm Brewers.

Given the relatively small size of entrants to the farming market, clustering can play a huge role

in helping to make a reduced price profitable.

Farmers getting ahead of this transition will greatly help to establish the lasting positive

impacts of the Farm Brewery Act. If the opposite occurs, the Farm Brewery Act may be seen as

a failed attempt at jump-starting an old industry. Giving a large amount of farmers hope but

then removing the demand that it created, leaving expensive hop suppliers without customers

and forcing an industry to shut down as quickly as it was started.

To further ensure success of the industry on a large scale, a more effective monitoring

mechanism should be pursued. This could be done in tandem with creating a distribution

platform that has the ability to connect all NYS brewers with NYS hop farmers. Following the
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growth of the industry more closely will allow law makers to better understand the implications

of the law and will give more specific signals to the industry on how much growth is really

needed. A distribution system that has this visibility would also add direct value through the

facilitation of efficient sales patterns across the state.

Given the rapid increase in microbreweries prior to 2013, it is hard to say how many

brewers the law actually enticed into business. But it is clear that the law has created a

significant discussion around craft brewing and the farming that provides its backbone of

supplies. With this energy being applied to the industries, the state has created a large boon to

its economy and proven that, through reduced regulation, a weak industry may again flourish.

Further research into economic reactions in other states that have passed similar

regulations would provide valuable insight into the true success of the law. Comparing the

Vermont version of the farm brewery act given that Vermont already has the highest number of

breweries per capita will provide evidence as to how new laws can create economic stimulus. A

more detailed and elaborate system dynamic model should be created to evaluate the value of

different direct incentives and to determine methods to increase word of mouth adoption and

create a higher population of potential brewers. This work can raise the saturation level of

breweries in the state and raise the plateau of filed entities. Further effort needs to be put into

the hop marketplace solution to allow greater visibility into the hop production for the brewers.

"Source New York" is an online initiative, lead by The Carey Institute of Global Good, that is

tackling this task and its successful implementation could add great value to the industry.

Lastly, monitoring of the entities filed to evaluate the accuracy of the predictive model and
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adjust the forecasted number of breweries going forward will allow fine-tuning of the industry

expectations and anticipation of changes in demand from beer consumers and thus brewers.

There is a great deal of work to be done in this industry and in research to support

development of nascent industries. The work done here highlights the role of system dynamics

in modeling actions that can influence an industry and clustering in developing powerful

relationships that can quickly get an emergent market segment to reach new heights that

would be slow or impossible if participants approached the problems independently. The

evolution of the New York beer and hop production is dynamic and it will be exciting to monitor

and steer its direction into a prominent future.
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Appendix A Survey to Brewers

Ouatmes Surey Sonwarm 3I4JS 3:04 PM

Default Question Block

Thank you for your participation in this survey that will take about 5 minutes! I am

conducting a supply chain analysis of the NY hop industry, specifically at how demand

has increased due to craft breweries adhering to the Farm Brewery Act of 2012.

These questions are going to be used in research to support NYS breweries in meeting

the requirements of the Farm Brewery License. Please add as much detail as you can

in the comments section. All the information will ultimately help to make

recommendations to NYS on policy implementation and will help to coordinate the hop

industry to help sustainable growth.

A copy of the final report will be available in June and can be sent out to you if you

provide your contact information below.

What type of brewery license do you have? (Select all that apply)

Production Brewery

Micro Brewery

Restaurant Brewery (Brew Pub)

Farm Brewery

Rate the following benefits in order of significance to why you obtained or are

considering obtaining a Farm Brewery License if applicable.

Do not agree Strongly Agree

0 1 2 3 4 5

Ability to operate up

https:Hmht.col.quafcs.cnmConntrolPnIAiAlxmphp?aaCt0-GfGSDMyPnltPf@vioW Pag 1 of 5
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to 5 branch locations

Exemption of 20C
license fee

Exemption of excise
reporting monthly

Ability to sell beer by
the glass

Other (please
comment below)

Please rate the level to which you agree or disagree with the following statements-

Disagree Strongly Agree

0 1 2 3 4 5

My supply source for
hops has changed

due to the Farm
Brewery Act

I have a plan in place
to alter my hops

sourcing to meet the
2019 tier change to

require 60% NYS
sourced ingredients

I have a plan in place
to after my barley

sourcing to meet the
2019 tier change to

require 60% NYS
sourced ingredients

I would be willing to
share some

htps: nltcnol.quatItws.caControPYAIZ.pp?acfa-GwtSurvPrintPeview Paw 2 of 5
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uaGIMrIcS Survey SOatwwUM

resources if it meant
hop farmers could

increase production
in NYS. (an example

would be having
freezers on site so

farmers do not need
to invest in them)

Approximately how many barrels per year do you brew on average?

What is your predicted barrels produced for 2016?

Approximately how many pounds of hops do you expect to use in 2016?

What is an estimate of the percentage of your current hop usage that is sourced from

NYS?

Do you grow your own hops?

Yes

Planning on it

htps:Halt.co1.quacts.caot wminuoIPane 3aLphp?act .GeEwrvfyPrintPreview Page 3 of 5
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Qualtrics Survey Software

No

Any comments or ideas you have are greatly appreciated. Please add amplifying

information below.

Please provide some optional contact information.

Would you like a copy of the final report?

Yes

No

Would you like to be contacted for more details to help with this study?

Yes

No

What is the name of your brewery?

https://mit.col.qualtrica.com/ControlPanl/Aax.php?action-GetSurveyPrintPreview Page 4 of S
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Qualtrics Survey Software3

If you would like to be contacted to provide more detailed information and help with
this initiative please enter your preferred contact information below. This is also where
I will contact you to get you a final copy of the report.

Powered by Qualtrics

https://mlt.col.qualtrice.com/ControlPanel/Aax.phpaction-GetSurveyPrintPreview Page 5 of 5
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Appendix B Survey to Farmers

Qualtrice Survey Software 3/14/16, 3:04 PM

Default Question Block

Thank you for your participation. This study helps evaluate barriers to entry for new
hop farmers, as well as, barriers that exist in scaling-up current hop farms. The
intention is to help create a stronger overall supply chain network within NYS to
support the current and future hop farmers.

The survey results will be integrated into a report that will be available in June. If you
would like a copy of the research, please provide your contact information below.

What State are you located in?

NY

VT

MA

NH

PA

CT

What County are you located in?

Approximately how many hop hill do you currently have?

https://mit.co1.qualtrica.com/ControlPanel/Ajax.phpaction-GetSurveyPrintPreview Page 1 of 4
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Qualtrics Survey Software3

When deciding to start your hop yard, how difficult were the following areas to
overcome? Please rate the challenges from 1 to 5.

Easy

2 3 3 4

Hard

5

Finding the land to
plant

Researching hops to
buy and how to build

a hop yard

Acquiring trellis poles

Acquiring hops

Overcoming the risk
of failure

Challenge to scale
large enough to be

commercially viable

It being too
expensive

Are you currently expanding your hop yard?

Yes

No

If yes: How many more hops do you plan on putting in over the next two years?

https://mit.col.qualtrica.com/ControlPanel/Alax.phpaction-GetSurveyPrintPreview Page 2 of 4
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Qualtrics Survey Software

Please indicate how much you agree with the following statements relating to the

difficulties faced in expanding your hop yard.

Strongly Disagree Strongly Agree

1 2 3 3 4 5

I do not want to
increase the size of

my yard

I do not have the
harvesting capacity

I do not have the
drying capacity

I do not have the
pelletizing capacity

I do not have long
term storage

freezers

I do not think I could
sell my hops

It is too expensive or
not worth the

investment

Please provide any elaboration or comments on the survey if desired. Please also

provide any thoughts or creative ideas on how to encourage expanding the hop yield

from NYS farmers and to develop collaborative relationships.

httpa://mit.col.qualtrics.com/ControlPanel/Ajax.phpaction-GetSurveyPrintPreview Page 3 of 4
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Qualtrics Survey Software

Would you like to receive a copy of the final report?

Yes

No

Would you like to be contacted for a more detailed interview?

Yes

No

If you choose to participate further or to receive a copy of the final report, please
provide your contact information below.

Powered by Qualtrics

httpa://mit.col.qualtrice.com/ControlPanel/Ajax.phpaction-GetSurveyPriniPreview Page 4 of 4
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Appendix C Full Hop Balance Table

Balance Table

County

BRONX

BROOME

Cattaraugus

CAYUGA

CHAUTAUQUA

Chenango

COLUMBIA

CORTLAND

DUTCHESS

ERIE

ESSEX

Franklin

Fulton

Genesee

GREENE

HERKIMER

JEFFERSON

KINGS

LEWIS

LIVINGSTON

MADISON

MONROE

Montgomery

NASSAU

Niagra

ONONDAGA

ONTARIO

ORANGE

OSWEGO

OTSEGO

QUEENS

RENSSELAER

SCHOHARIE

SCHUYLER

SENECA

ST LAWRENCE

STEUBEN

SUFFOLK

SULLIVAN

TIOGA

TOMPKINS

ULSTER

WARREN

WASHINGTON

Wayne

WESTCHESTER

WYOMING

YATES

Number Average 20% Number Average
Number Average Pounds RequIred Poundsof Farm Barrels of Hops by Farm Of HOPS of Hops

Breweries Used Brewery.. Grown

1 685 959 192 0

1 685 959 192 0

2,000 4,000

2 1,370 1,918 384 4.055 8,110

2 1,370 1,918 384 0

560 1,120

3 2,055 2,877 575 0

2 1,370 1,918 384 2,955 5,910

2 1,370 1,918 384 2.550 5,100

3 2,055 2,877 575 3,600 7,200

2 1,370 1,918 384 0

630 1.260

625 1,250

2,700 5,400

1 685 959 192 0

1 685 959 192 0

2 1,370 1,918 384 0

1 685 959 192 0

1 685 959 192 0

1 685 959 192 400 800

3 2,055 2,877 575 10.830 21,660

6 4,110 5,754 1,151 3,000 6.000

1,160 2,320

8 5,480 7,672 1,534 0

2.000 4,000

4 2,740 3.836 767 8,610 17,220

4 2,740 3,836 767 15,100 30,200

1 685 959 192 1,150 2.300

1 685 959 192 700 1.400

3 2,055 2,877 575 13,450 26,900

2 1,370 1,918 384 0

4 2,740 3,836 767 5,000 10.000

1 685 959 192 1,010 2,020

5 3,425 4,795 959 1,215 2,430

2 1,370 1,918 384 5,500 11,000

1 685 959 192 0

5 3,425 4,795 959 6,600 13.200

9 6,165 8,631 1.726 2.800 5,600

3 2,055 2,877 575 0

2 1,370 1,918 384 0

1 685 959 192 795 1,590

2 1,370 1,918 384 0

1 685 959 192 2,000 4,000

2 1,370 1,918 384 0

2,000 4,000

1 685 959 192 0

1 685 959 192 0

3 2,055 2,877 575 1,200 2.400

20% Current 60%
Balance Balance Balance

-192 -384 -575

-192 -384 -575

7,726 7,343 6.959

.384 -767 1151

-575

5,526

4,716

6,625
-384

192

-192

-384

-192

-192

808

21,085

4,849

.,151

5,143

4.333

6,049

-767

-384

-384

-767

-384

-384

416

20,509

3,698

1,726

4.759

3.949

5,474

-1,151

-575

-575

1,151

-575

-575

225

19,934

2,548

-1,534 -3,069 -4,603

16,453

29.433

2.108

1.208

26,325

-384

9,233

1,828

1,471

10.616

-192

12.241

3,874

-575

-384

1.398

-384

3,808

-384

-192

.192

1,825

15.686

28.666

1,916

1.016

25,749

-767

8,466

1,636
512

10.233

-384

11.282

2,148

-1.151

-767

1,206

-767

3.616

.767

14,918

27.898

1,725

825

25,174

-1.151

7.698

1.445

-447

9,849

-575

10,323

421

S1,726

-1,151

1,015

.1,151

3,425

.1.151

-384 -575

-384 -575

1,249 674

Number of Farm Breweries, Average Barrels, Average Pounds of Hops Used. 20% Required by Farm Brewery Act,
Number of Hops Planted, Average Pounds of Hops Grown, 20% Balance, Current Balance and 60% Balance broken
down by County.
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Appendix D Vensim Output for Diffusion Simulation

-Time (Year)
2002
2003
2004
2005
2006
2007
2008
2009
2010

'2011
20 12
2063
2014
2015
2016

20 18
2019
2020
-2021
2022
.2023
2024

Selected
Variables

Runs:
Simulation

Il.
Entities

Entities
2.85
4.49084
7.06583
1.0964
17.3796
27.1125
42.039
64.5772
97.7972
144.982
208.359
286.752
373.042
454.376
517.94
558.769
580.901
591.559
596.356
598.444
599.338
599.719
599.881

3

7
12
20
30
37

52
70

101
146

219
303
382
448

Filing Rate
1.64084
2.57499
4.03053
6.28327
9.73285
34.9265
22.538]
33.22
47.1852
63.3765
78.3928
86.2908
81.3334
63.5642
40.8294
22.1316
10.6579
4.79681
2.08769
0.894806
0.38096
0.161725
0.0685713

.0

:5

'3
X4
79

66
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Appendix E Complex System Dynamics Model

Initial Population

Initial Entities
0

Initial Potential Entitics

conm Direct State
Financial Incentives

Advalai Brcwery

Adoption fro \

\ t ord or Mioth 4  Market Sector MatnitAdviacusing FEntitie

SocAal ContactsS uration0  0
\0 + dopton Frac0on

on t sMigaO ProbUiy of cona
witt adopters

CoWract Rate

SpToial Population0
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110



Appendix F NPV Calculation of a Hobby Farm

Cash Flows with 1/4 Acre picked by
hand

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 Terminal

Income 0 3600 6000 6000 6000 6000 6000 6000 6000

Expense 4500 500 500 500 500 500 500 500 500

Net -4500 3100 5500 5500 5500 5500 5500 5500 5500

Taxes @
15% -675 465 825 825 825 825 825 825 825

NOPAT -3825 2635 4675 4675 4675 4675 4675 4675 4675 46750

WACC

NPV

IRR

10%

$39,088

98%

Pay Back
Period 3 years

Revenue Assumptions

Number of Hops 250

Picking time per plant 45

Number of hours 187.5

Number of friends 10

Hours per friend 18.75

Pounds of hops Soo

Whole Leaf Sales $12

Revenue $6,000

Expense Assumptions

First Year Trellis system 2250

Expense Hops 1750

Total 4000

Cord 250
Recurring pesticides 150
Expenses _______ 5

Fertilizer 100

Total 500
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Appendix G NPV of a Fully Commercial Farm at Break Even

Break Even NPV Occurs at: 2.68 Acres

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 Terminal

Income 0 48228 80380 80380 80380 80380 80380 80380 80380
Expense 123755 65500 65500 65500 65500 65500 65500 65500 65500

Net -123755 -17272 14880 14880 14880 14880 14880 14880 14880

Harvester
Depreciation 0 8571 8571 8571 8571 8571 8571 8571 0

Oast
Depreciation 0 3571 3571 3571 3571 3571 3571 3571 0

Pelletizer
Depreciation 0 714 714 714 714 714 714 714 0

EBIT -123755 -30129 2023 2023 2023 2023 2023 2023 14880
Taxes @
15% -18563 -4519 303 303 303 303 303 303 2232

NOPAT -105192 -12753 14577 14577 14577 14577 14577 14577 12648 125375

WACC 10%

NPV 0

IRR 10%

Pay Back
Period 11 years

Revenue Assumptions

Number of Acres 2.679335665

Number of Hops/Acre 1000

Number of hops 2679.335665

Ponds of hops 5358.67133

Price $15

Revenue $80,380

Expense Assumptions

Hops 18755

First Year Trellis System 15,000
Expense Harvester 60,000

Oast 25,000

Pelletizer 5,000

Total 123,755

2 Employees 50,000

Pesticides 500
Recurring Utilities 10000
Expenses

Maintenance 5000

Total 65,500
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Appendix H NPV of a Fully Commercial Farm Making a Living Wage

Living Wage Occurs at: 4 Acres
Ter
min

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 al

Income 0 72000 120000 120000 120000 120000 120000 120000 120000

Expense 133000 65500 65500 65500 65500 65500 65500 65500 65500

Net -133000 6500 54500 54500 54500 54500 54500 54500 54500

Harvester
Depreciation 0 8571 8571 8571 8571 8571 8571 8571 0

Oast
Depreciation 0 3571 3571 3571 3571 3571 3571 3571 0

Pelletizer
Depreciation 0 714 714 714 714 714 714 714 0

EBIT -133000 -6357 41643 41643 41643 41643 41643 41643 54500
Taxes @
15% -19950 -954 6246 6246 6246 6246 6246 6246 8175

NOPAT -113050 7454 48254 48254 48254 48254 48254 48254 46325 125k

WACC 10%

NPV 159,560

IRR 32%

Pay Back Period 5 years

Revenue Assumptions

Number of Acres 4

Number of Hops/Acre 1000

Number of hops 4000

Ponds of hops 8000

Price $15

Revenue $120,000_

Expense Assumptions

Hops 28000

First Year Trellis System 20,000

Expense Harvester 60,000

Oast 25,000

Pelletizer 5,000

Total 138,000

2 Employees 50,000

Pesticides 500
Recurring Utilities 10000
Expenses _______ 00

Maintenance S000

Total 6S,500
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Appendix I NPV Calculation shifting to $8 a pound

Reduced revenue with: 4 Acres

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024

Income 0 38400 64000 64000 64000 64000 64000 64000 64000

Expense 133000 65500 65500 65500 65500 65500 65500 65500 65500

Net -133000 -27100 -1500 -1500 -1500 -1500 -1500 -1500 -1500

Harvester
Depreciation 0 8571 8571 8571 8571 8571 8571 8571 0

Oast
Depreciation 0 3571 3571 3571 3571 3571 3571 3571 0

Pelletizer
Depreciation 0 714 714 714 714 714 714 714 0

EBIT -133000 -39957 14357 -14357 -14357 14357 14357 14357 -1500

Taxes @ 15% -19950 -5994 -2154 -2154 -2154 -2154 -2154 -2154 -225

NOPAT -113050 -21106 654 654 654 654 654 654 -1275

WACC 10%

NPV -130,245

IRR N/A

Pay Back Period N/A

Revenue Assumptions

Number of Acres 4

Number of Hops/Acre 1000
Number of hops 4000

Ponds of hops 8000

Price $8

Revenue $64,000

Expense Assumptions

Hops 28000

First Year Trellis System 20,000
Expense Harvester 60,000

Oast 25,000

Pelletizer 5,000

Total 138,000

2 Employees 50,000

Pesticides 500
Recurring Utilities 10000
Expenses

Maintenance 5000

Total 65,500
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Appendix J NPV Calculation for $8 a Pound making a Livable Wage

Reduced revenue With: 9 Acres
Ter
min

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 al

Income 0 86400 144000 144000 144000 144000 144000 144000 144000

Expense 168000 65500 65500 65500 65500 65500 65500 65500 65500

Net -168000 20900 78500 78500 78500 78500 78500 78500 78500

Harvester
Depreciation 0 8571 8571 8571 8571 8571 8571 8571 0

Oast
Depreciation 0 3571 3571 3571 3571 3571 3571 3571 0

Pelletizer
Depreciation 0 714 714 714 714 714 714 714 0

EBIT -168000 8043 65643 65643 65643 65643 65643 65643 78500
Taxes @
15% -25200 1206 9846 9846 9846 9846 9846 9846 11775

667
NOPAT -142800 19694 68654 68654 68654 68654 68654 68654 66725 K

WACC 10%

NPV 461,032

IRR 43%

Pay Back Period 5 years

Revenue Assumptions

Number of Acres 9

Number of Hops/Acre 1000

Number of hops 9000

Ponds of hops 18000

Price $8

Revenue $144,000

Expense Assumptions

Hops 63000

First Year Trellis System 20,000

Expense Harvester 60,000

Oast 25,000

Pelletizer 5,000

Total 173,000

2 Employees 50,000

Pesticides 500
Recurring Utilities 10000Expenses _______ 00

Maintenance 5000

Total 65,500
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