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Figure 11. Annual net profit according to scale of operation (showing exponential trendline).

30,000,000
25,000,000
20,000,000
=
8 y =44.997x - 78119
= R?=0.99
L 15,000,000
B
&=
o
S
[
10,000,000
4 Net profit (dollars/year)
—Linear (Net profit (dollars/year))
5,000,000

0 100,000 200,000 300,000 400,000 500,000 600,000
Wine output (gal/year)

Figure 12. Annual net profit according to scale of operation (showing linear trendline).

For the break-even price assessment, based on the total costs and outputs for each production
scale, the relationship between net profit and unit price could be calculated (Figure 13). The break-even
price was $4.54/750-mL bottle for 5000 gal/year production, $1.35/750-mL bottle for 50,000 gal/year
production, and $1.12/750-mL bottle for 500,000 gal/year wine production. These results clearly showed
that the larger the winery production size is, the lower the required break-even price becomes.
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Figure 13. Estimated net profit and break-even price (where each profit trend line crosses the x-axis)
according to scale of operation. Note that the larger the production scale is, the faster the break-even
price is achieved.

Dillon et al. developed an economic decision-making model for small to medium-sized wineries,
and determined that the larger the winery size is, the lower the required break-even price becomes [20].
Our study achieved similar break-even results, as we determined that there was an increase in profit
when the winery size increased, which could be described using either an exponential or linear trend.
Dillon et al. [21] determined that the cost of the raw materials had the most substantial effect on annual
costs; our study, on the other hand, found that the cost of labor and bottle purchasing costs contributed
the most to the total cost (Figure 6).

3.3. Implications

From our LCA and TEA modeling, it appears that more efficient bottle-manufacturing and
wine-making processes could be effective targets for reducing energy and water consumption, as well
as solid waste disposal. Additionally, vine planting and bottle manufacturing could be effective targets
for reducing greenhouse gas emissions.

Since the annual cost of purchasing wine bottles represented the greatest contribution to annual
operating costs for the large-scale winery, steps to reduce these costs could be pursued, including
manufacturing their own glass bottles (as some large wineries do) and, therefore, potentially increasing
net profit. However, further economic analysis is needed to clarify this.

Even though they were not examined in this study, other alternative ways of producing wines
that can lessen environmental impacts and potentially improve economic efficiencies should also be
examined. For example, there are now many opportunities to produce lighter glass bottles, changing
adhesives, labels, and closures, producing alternative energy at the winery (e.g., solar, wind, anaerobic
digestion, etc.), reducing packaging materials and wastes, and implementing recycling programs. Also,
there is growing interest in organic farming systems for viticulture.

Indeed, there are many opportunities that are being implemented in vineyards and wineries to
help improve the sustainability of specific businesses, as well as the entire wine industry overall. These
new techniques and technologies should be examined using life-cycle assessment and techno-economic
analysis in order to understand environmental and cost impacts vis-a-vis traditional approaches.
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4. Conclusions

Production scale of wine production matters both for environmental impacts and costs. In terms
of life-cycle assessment, bottle manufacture and wine making contributed the greatest share of energy
consumption, while wine making was the greatest in terms of water consumption. For the output
impacts, vine planting and bottle manufacture contributed the most to greenhouse gas emissions,
while bottle manufacture and wine making contributed the most to solid waste disposal. Regarding
techno-economic analysis, the relationships amongst annual costs for small (5000 gal per year), medium
(50,000 gal per year), and large (500,000 gal per year) wine production exhibited a moderate exponential
increase, although a linear increase appeared to fit better. The labor cost contribution to total costs
decreased when production size increased, while the bottle cost contribution to total costs increased
when production size increased. The annual revenues for small, medium, and large production scales
also followed a moderate exponential increase, but a linear increase fit the data better. Again, the
relationship between annual net profits and production scale was best described using a linear trend.
The break-even prices were $4.55, $1.36 and $1.12/750-mL bottle for winery sizes of 5000, 50,000,
and 500,000 gal/year; the larger the winery size is, the lower the required break-even price becomes.
Further research is needed in order to optimize productivity, increase efficiencies, reduce environmental
impacts, and minimize costs.
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