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)HUPHQWDWLRQ�WDNHV�D�IHZ�ZHHNV��EXW�WLPHV�YDU\�ZLWK�YDULHWDO��DPELHQW�WHPSHUDWXUHV��DQG�RWKHU�IDFWRUV��VXFK�DV
UHVLGXDO�VXJDU�WDUJHWV��*LYHQ�WKDW�WKH�JUDSH�KDUYHVW�VSDQV�D�IHZ�PRQWKV��D�WDQN�PD\�EH�XVHG�PRUH�WKDQ�RQFH
GXULQJ�WKH�VHDVRQ��/DUJH�ORWV�PD\�EH�VSOLW�DFURVV�WDQNV��EXW�D�VLQJOH�WDQN�ZLOO�QHYHU�KROG�PRUH�WKDQ�RQH�ORW�DW�WKH
VDPH�WLPH��2QFH�WKH�ZLQH�KDV�EHHQ�IHUPHQWHG��LW�PD\�EH�KHOG�LQ�WKH�WDQN�XQWLO�LW�LV�ERWWOHG�RU�PRYHG�WR�RWKHU
VWRUDJH�IDFLOLWLHV��,I�WKH�ZLQH�LV�WR�UHPDLQ�LQ�WKH�WDQN�DIWHU�IHUPHQWDWLRQ�LV�FRPSOHWH��WKH�WDQN�PXVW�EH�kOOHG�WR�D
VXmFLHQWO\�KLJK�OHYHO�WR�DYRLG�R[LGDWLRQ�
$OWKRXJK�WKH�ZLQHPDNHU�PD\�FUHDWH�D�VFKHGXOH�WKDW�DVVLJQV�ORWV�WR�WDQNV�DW�WKH�VWDUW�RI�WKH�KDUYHVW�VHDVRQ��WKLV
VFKHGXOH�LV�OLNHO\�WR�QHHG�UHYLVLRQ�DV�WKH�VHDVRQ�SURJUHVVHV��:HDWKHU�SDWWHUQV�DjHFW�ERWK�WKH�WLPH�DQG�WKH�VL]H�RI
WKH�KDUYHVW��UHVXOWLQJ�LQ�VLJQLkFDQW�YDULDWLRQV�EHWZHHQ�\HDUV��*UDSH�VXJDU�OHYHOV�DQG�DPELHQW�WHPSHUDWXUHV�PD\
DOVR�FDXVH�IHUPHQWDWLRQ�WLPHV�WR�GHYLDWH�IURP�WKH�SODQQHG�VFKHGXOH��7DQNV�PXVW�EH�DYDLODEOH�ZKHQ�WKH�KDUYHVW�LV
UHDG\��DQG�LI�JUDSHV�DUH�KDUYHVWHG�HDUOLHU�RU�ODWHU�WKDQ�LV�LGHDO��ZLQH�TXDOLW\�VXjHUV��)HUUHU�HW�DO���������,Q�DGGLWLRQ
WR�KDYLQJ�WR�UHDFW�WR�FKDQJLQJ�FRQGLWLRQV��ZLQHPDNHUV�PD\�DOVR�KDYH�DQ�RSSRUWXQLW\�WR�WDNH�DGYDQWDJH�RI�XQXVHG
WDQN�FDSDFLW\��:KLOH�VRPH�ZLQHULHV�RQO\�XVH�JUDSHV�KDUYHVWHG�IURP�WKHLU�RZQ�YLQH\DUGV��RWKHUV�VRXUFH�PDQ\�RI
WKHLU�JUDSHV�WKURXJK�FRQWUDFWV�ZLWK�RXWVLGH�JURZHUV��3URFXUHPHQW�LV�RIWHQ�KDQGOHG�WKRXJK�PXOWL�\HDU�FRQWUDFWV��EXW
D�VLJQLkFDQW�VSRW�PDUNHW�IRU�JUDSHV�PD\�H[LVW��,Q�\HDUV�ZKHQ�JUDSH�SURGXFWLRQ�LV�PRUH�ERXQWLIXO�WKDQ�XVXDO�
JURZHUV�PD\�VHHN�DGGLWLRQDO�PDUNHWV�IRU�WKHLU�H[FHVV�JUDSHV��DQG�ZLQHULHV�WKDW�KDYH�VXmFLHQW�SURGXFWLRQ�FDSDFLW\
PD\�DEOH�WR�SXUFKDVH�WKHVH�JUDSHV�DW�EDUJDLQ�SULFHV�
0HWKRGRORJ\
:H�FUHDWHG�D�WRRO�WKDW�DOORZV�WKH�ZLQHPDNHU�WR�TXLFNO\�GHWHUPLQH�DQ�RSWLPDO�VFKHGXOH�DQG�XVH�QHZ�LQIRUPDWLRQ�WR
XSGDWH�WKH�VFKHGXOH�RQ�WKH�l\��UHDVVLJQLQJ�ORWV�WKDW�WKDW�FDQ�VWLOO�EH�FKDQJHG��7KLV�WRRO�ZDV�kUVW�HQYLVLRQHG�GXULQJ
D�PDVWHUgV�SURMHFW�GRQH�E\�DQ�HPSOR\HH�RI�D�PHGLXP�VL]HG�ZLQHU\�LQ�1DSD�9DOOH\�ZLWK����ZLQH�WDQNV��YDU\LQJ�LQ
FDSDFLW\�IURP�kYH�WR����WRQV��6RPH�RI�WKHVH�WDQNV�ODFNHG�KDWFKHV�DW�WKH�WDQNgV�ERWWRP��ZKLFK�ZRXOG�PDNH�FOHDQXS
DIWHU�IHUPHQWLQJ�D�UHG�ZLQH�WRR�RQHURXV��:KLOH�ZLQHU\�SHUVRQQHO�ZHUH�QRW�DZDUH�RI�DQ�LPSHQGLQJ�WDQN�VKRUWDJH�
WKH�ZLQHU\�KDG�EHHQ�DFTXLUHG�E\�D�FRUSRUDWLRQ�DQG�ZDV�FRQVLGHULQJ�FRQVROLGDWLQJ�VRPH�RI�WKH�SURGXFWLRQ�DFWLYLWLHV
ZLWK�DQRWKHU�ZLQHU\�RZQHG�E\�WKH�VDPH�FRUSRUDWLRQ��&RXOG�WDQNV�EH�VFKHGXOHG�EHWWHU�WR�UHGXFH�XQQHFHVVDU\�WDQN
XVDJH�DQG�SHUKDSV�HYHQ�IUHH�WDQNV�IRU�UHDVVLJQPHQW�HOVHZKHUH"
:H�IRUPXODWHG�DQG�LPSOHPHQWHG�D�PL[HG�LQWHJHU�SURJUDPPLQJ�PRGHO��DV�VKRZQ�LQ�WKH�DSSHQGL[��7KH�PRGHO�LV�DQ
HPEHOOLVKHG�JHQHUDOL]HG�DVVLJQPHQW�SUREOHP��PLQLPL]LQJ�WKH�XVH�RI�WDQNV�ZKLOH�SURYLGLQJ�IHUPHQWDWLRQ�VSDFH�IRU
DOO�ORWV�RI�KDUYHVWHG�JUDSHV��$VVLJQPHQW�SUREOHPV�DUH�D�FODVVLF�DSSOLFDWLRQV�RI�RSHUDWLRQV�UHVHDUFK��IURP�VDYLQJ
OLYHV�WKURXJK�NLGQH\�H[FKDQJHV��$QGHUVRQ�HW�DO��������WR�VDYLQJ�IULHQGVKLSV�WKURXJK�DOORFDWLQJ�VHDVRQ�WLFNHWV�IDLUO\
�*UDQGLQH��������7KH�FORVHVW�DQDORJ�ZLQH�UHODWHG�DSSOLFDWLRQ��&KROHWWH�������PDWFKHV�ZLQHULHV�ZLWK�VSHFLDOW\
GLVWULEXWRUV�EDVHG�RQ�WKHLU�DWWULEXWHV�DQG�SUHIHUHQFHV�
7KH�kUVW�FRQVLGHUDWLRQ�ZDV�GHkQLQJ�WKH�LQGLFHV��&OHDUO\��ERWK�WKH�VHW�RI�WDQNV�DQG�WKH�ORWV�RI�JUDSHV�UHTXLUH
WUDFNLQJ��(DFK�WDQN�KDV�D�FDSDFLW\�DQG�PD\�KDYH�UHVWULFWLRQV��(DFK�ORW�KDV�DQ�HVWLPDWH�IRU�KDUYHVW�GDWH��VL]H�
IHUPHQWDWLRQ�OHQJWK��DQG�RWKHU�DWWULEXWHV�WKDW�LPSDFW�DVVLJQPHQW�
,W�PD\�VHHP�QHFHVVDU\�WR�WUDFN�WLPH�H[SOLFLWO\��$V�KDUYHVWLQJ�RFFXUV�RQ�D�GDLO\�EDVLV��XVH�RI�ZHHNO\�WLPH�EXFNHWV�RU
DQ\WKLQJ�ORQJHU�WKDQ�D����KRXU�SHULRG�ZRXOG�SURYH�WRR�FRDUVH��EXW�WKUHH�PRQWKV�RI�GDLO\�WLPH�EXFNHWV�GUDPDWLFDOO\
LQFUHDVHV�WKH�QXPEHU�RI�YDULDEOHV�DQG�LQKHUHQW�PRGHO�FRPSOH[LW\��:H�DYRLG�LQFUHDVLQJ�PRGHO�GLPHQVLRQDOLW\�E\
GHkQLQJ�D�FRQlLFW�PDWUL[�WKDW�FKHFNV�LI�WKH�KDUYHVW�RI�RQH�ORW�ZRXOG�RYHUODS�ZLWK�WKH�IHUPHQWDWLRQ�RI�DQRWKHU�
2XU�REMHFWLYH�LV�WR�PLQLPL]H�WKH�QXPEHU�RI�WDQNV�XVHG�DQG�ZDVWHG�VSDFH�LQ�WKH�WDQNV�WKDW�DUH�XVHG��$�XVHU�GHkQHG
ZHLJKW�DOORZV�IRU�GHFLGLQJ�LI�PLQLPL]LQJ�ZDVWHG�VSDFH�RU�WDQNV�XVHG�LV�PRUH�LPSRUWDQW��LV�LW�SUHIHUDEOH�WR�VSOLW�D���
WRQ�ORW�HTXDOO\�EHWZHHQ�WZR����WRQ�WDQNV�RU�WR�DVVLJQ�LW�WR�D�VLQJOH����WRQ�WDQN��ZKHUH���WRQV�ZLOO�EH�ZDVWHG"
7KH�PRVW�REYLRXV�FRQVWUDLQW�LV�WKDW�DOO�ORWV�PXVW�EH�DVVLJQHG��(TXDWLRQ�����JXDUDQWHHV�WKDW�VXmFLHQW�FDSDFLW\�IURP
RQH�RU�PRUH�WDQNV�LV�DOORFDWHG�WR�HDFK�ORW��2WKHUV��.RO\PSLULV��7KRPVHQ��DQG�0RUULV�������WDNH�D�VWUDWHJLF�YLHZ�
DOORZLQJ�WKH�ZLQHPDNHU�WR�GHWHUPLQH�ZKLFK�ORWV�WR�KDUYHVW��+RZHYHU��ZH�DVVXPH�WKDW�KDUYHVWLQJ�GHFLVLRQV�DUH
H[RJHQRXV�WR�WKH�WDFWLFDO�SUREOHP�DW�KDQG��$V�ZH�WUDFN�ERWK�XVHG�DQG�ZDVWHG�VSDFH�LQ�D�WDQN�DQG�SHQDOL]H�WKH
ODWWHU��(TXDWLRQV�����DQG�����SURSHUO\�DFFRXQW�IRU�DOO�ZDVWHG�WDQN�VSDFH�DQG�SUHYHQW�WKH�PRGHO�IURP�DUWLkFLDOO\
LQlDWLQJ�WKH�YROXPH�RI�XVHG�WDQN�VSDFH�
(TXDWLRQ�����SUHYHQWV�WLPLQJ�LQIHDVLELOLWLHV�LQ�WDQN�DVVLJQPHQWV��:H�JHQHUDWH�WKHVH�FRQVWUDLQWV�RQO\�ZKHQ�WKH
FRQlLFW�PDWUL[�LQGLFDWHV�WKDW�WZR�ORWV�RYHUODS��,Q�WKH�LQLWLDO�GDWD�DERXW�KDOI�RI�WKH�ORWV�GR��(TXDWLRQ�����DYRLGV�QRQ�
WHPSRUDO�PLVPDWFKHV��DV�WDQNV�ZLWK�SURVFULSWLRQV�ZLOO�EH�SUHYHQWHG�IURP�KDYLQJ�LQDSSURSULDWH�ORWV�DVVLJQHG�WR
WKHP��VXFK�DV�SUHYHQWLQJ�UHG�ZLQHV�IURP�JRLQJ�LQWR�WDQNV�UHVWULFWHG�WR�ZKLWH�ZLQHV�
5HVXOWV��1H[W�6WHSV��DQG�&RQFOXVLRQ
:H�SURGXFHG�DQ�RSWLPDO�VFKHGXOH�IRU�WKH�LQLWLDO�GDWD�VHW��kOOLQJ�WDQNV����WLPHV�RYHU�WKH����GD\�VHDVRQ��2QO\�����RI
WKH������WRQV�RI�DFWLYDWHG�FDSDFLW\�ZDV�ZDVWHG��:KLOH�DERXW�WZR�WKLUGV�RI�ORWV�ZHUH�DVVLJQHG�WR�RQH�WDQN�RQO\��D
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IHZ�ODUJH�ORWV�ZHUH�VSOLW�LQWR�WZR�RU�HYHQ�WKUHH�WDQNV��7KH�WDQNV�H[SHULHQFHG�XQHYHQ�GHPDQG��:H�kOOHG�PDQ\�RI
WKH�VPDOO�DQG�DOO�RI�WKH�ODUJH�WDQNV�WKUHH�WLPHV�RYHU�WKH�VHDVRQ��<HW�ZH�XVHG�VHYHUDO�RI�WKH�PRVW�FRPPRQ��PHGLXP
VL]HG�WDQNV�RQO\�RQFH��:H�DOVR�H[SORUHG�ZKDW�LI�VFHQDULRV��YDU\LQJ�WKH�OHQJWK�RI�WKH�IHUPHQWDWLRQ�SURFHVV�IURP���
WR����GD\V��&DSDFLW\�XVDJH�ZDV�WLJKW��DQG�QRW�DOO�ORWV�FRXOG�EH�SURFHVVHG�KDG�WKH\�UHTXLUHG�PRUH�WKDQ����GD\V�
&RQVWUXFWLQJ�DQG�LPSOHPHQWLQJ�D�WRRO�VXFK�DV�WKLV�LV�DQ�LWHUDWLYH�SURFHVV��:H�SODQ�WR�LPSURYH�LWV�IXQFWLRQDOLW\�DQG
XVDELOLW\�EDVHG�RQ�XVHU�IHHGEDFN�IURP�WKH�FXUUHQW�VXEMHFW�DQG�RSHUDWLRQV�PDQDJHUV�DW�RWKHU�ZLQHULHV��$V�WKH�HQG�
XVHUV�DUH�XOWLPDWHO\�ZLQHPDNLQJ�SURIHVVLRQDOV��QRW�ZLQH�GULQNLQJ�SURIHVVRUV��WKH�WRRO�QHHGV�WR�EH�HDV\�WR�XVH�DQG
XSGDWH�DQG�PXVW�SUHVHQW�UHVXOWV�WKDW�DUH�VLPSOH�WR�XQGHUVWDQG��,W�VKRXOG�DOVR�EH�VWDEOH��LQH[SHQVLYH��DQG�ORZ�
PDLQWHQDQFH�
7KH�FXUUHQW�VXEMHFW�ZLQHU\�SUHGRPLQDQWO\�VRXUFHV�IURP�LWV�RZQ�YLQH\DUGV�DQG�KDV�OLWWOH�LQWHUHVW�LQ�WKH�JUDSH�VSRW
PDUNHW��+RZHYHU��RWKHU�SRWHQWLDO�SDUWQHUV�RIWHQ�EX\�WKHLU�JUDSHV��:H�SODQ�WR�GHYHORS�DQ�DX[LOLDU\�PRGHO�WKDW�UH�
RSWLPL]HV�WKH�FXUUHQW�VFKHGXOH�ZKLOH�FRQVLGHUV�LQVHUWLQJ�DGGLWLRQDO�ORWV�WKDW�EHFRPH�DYDLODEOH��VKRXOG�WKDW�EH�ERWK
SRVVLEOH�DQG�SURkWDEOH�
:KLOH�JOREDO�GHPDQG�IRU�ZLQH�LV�WUHQGLQJ�XSZDUG��WKH�VXSSO\�RI�ZLQH�LV�JURZLQJ�HYHQ�IDVWHU��IRUFLQJ�SURGXFHUV�WR
EHFRPH�HYHQ�PRUH�FRPSHWLWLYH��:LQHULHV�ZLOO�FRQWLQXH�WR�QHHG�WR�LPSURYH�WKHLU�DVVHW�XWLOL]DWLRQ��DQG�LQHmFLHQW
XVDJH�RI�WDQNV�LQFUHDVHV�RSHUDWLQJ�DQG�RSSRUWXQLW\�FRVWV�DOLNH��5HO\LQJ�RQ�EXVLQHVV�DV�XVXDO�VFKHGXOLQJ�ZLOO
EHFRPH�OHVV�YLDEOH�DV�ERWK�VXSSO\�DQG�GHPDQG�JURZ�HYHUPRUH�VWRFKDVWLF��%HLQJ�DEOH�WR�UH�RSWLPL]H�RQ�WKH�l\
GXULQJ�WKH�VHDVRQ�ZLOO�DOORZ�ZLQHULHV�WR�OLPLW�SUREOHPV�DULVLQJ�IURP�XQDQWLFLSDWHG�FKDQJHV�DQG�WDNH�DGYDQWDJH�RI
XQIRUHVHHQ�SURGXFWLRQ�RSSRUWXQLWLHV��7RROV�EDVHG�RQ�RSHUDWLRQV�UHVHDUFK�PRGHOV�VXFK�DV�WKH�RQH�ZH�GHVFULEH�FDQ
KHOS�ZLQHPDNHUV�LQ�WKHLU�TXHVW�WR�LPSURYH�SURkWDELOLW\�
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Scheduling Fermentation Tanks Optimally  

  

Introduction: The Underlying Problem 

A winery’s production capability is determined not only by the resources it has available but also how 
efficiently those resources are used. Fermentation tank capacity can be a critical bottleneck. Tanks are 
expensive and may represent a scare resource for wineries, especially in years when the grape crop is 
larger than usual, such as California’s 2014 harvest (Adams 2014). Wineries often acquire these tanks 
over time and from different sources, resulting in a mix of tank sizes and other attributes. Even for the 
same varietal, winemakers often ferment grapes from one vineyard separately from another, either 
because they intend to differentiate the finished products or because they need a varied palette of 
intermediate products to select from in blending a balanced wine. A winemaker must consider these 
proscriptions when determining how to allocate lots to tanks. 

Fermentation takes a few weeks, but times vary with varietal, ambient temperatures, and other factors, 
such as residual sugar targets. Given that the grape harvest spans a few months, a tank may be used 
more than once during the season.  Large lots may be split across tanks, but a single tank will never hold 
more than one lot at the same time. Once the wine has been fermented, it may be held in the tank until it 
is bottled or moved to other storage facilities. If the wine is to remain in the tank after fermentation is 
complete, the tank must be filled to a sufficiently high level to avoid oxidation.  

Although the winemaker may create a schedule that assigns lots to tanks at the start of the harvest 
season, this schedule is likely to need revision as the season progresses. Weather patterns affect both the 
time and the size of the harvest, resulting in significant variations between years. Grape sugar levels and 
ambient temperatures may also cause fermentation times to deviate from the planned schedule. Tanks 
must be available when the harvest is ready, and if grapes are harvested earlier or later than is ideal, 
wine quality suffers (Ferrer et al. 2008). In addition to having to react to changing conditions, 
winemakers may also have an opportunity to take advantage of unused tank capacity. While some 
wineries only use grapes harvested from their own vineyards, others source many of their grapes through 
contracts with outside growers. Procurement is often handled though multi-year contracts, but a 
significant spot market for grapes may exist. In years when grape production is more bountiful than 
usual, growers may seek additional markets for their excess grapes, and wineries that have sufficient 
production capacity may able to purchase these grapes at bargain prices. 

Methodology 

We created a tool that allows the winemaker to quickly determine an optimal schedule and use new 
information to update the schedule on the fly, reassigning lots that that can still be changed. This tool 
was first envisioned during a master’s project done by an employee of a medium sized winery in Napa 
Valley with 31 wine tanks, varying in capacity from five to 44 tons. Some of these tanks lacked hatches 
at the tank’s bottom, which would make cleanup after fermenting a red wine too onerous. While winery 
personnel were not aware of an impending tank shortage, the winery had been acquired by a corporation 
and was considering consolidating some of the production activities with another winery owned by the 



same corporation. Could tanks be scheduled better to reduce unnecessary tank usage and perhaps even 
free tanks for reassignment elsewhere? 

We formulated and implemented a mixed integer-programming model, as shown in the appendix. The 
model is an embellished generalized assignment problem, minimizing the use of tanks while providing 
fermentation space for all lots of harvested grapes. Assignment problems are a classic applications of 
operations research, from saving lives through kidney exchanges (Anderson et al. 2015) to saving 
friendships through allocating season tickets fairly (Grandine 1998). The closest analog wine-related 
application (Cholette 2007) matches wineries with specialty distributors based on their attributes and 
preferences. 

The first consideration was defining the indices. Clearly, both the set of tanks and the lots of grapes 
require tracking. Each tank has a capacity and may have restrictions. Each lot has an estimate for harvest 
date, size, fermentation length, and other attributes that impact assignment.   

It may seem necessary to track time explicitly. As harvesting occurs on a daily basis, use of weekly time 
buckets or anything longer than a 24-hour period would prove too coarse, but three months of daily time 
buckets dramatically increases the number of variables and inherent model complexity. We avoid 
increasing model dimensionality by defining a conflict matrix that checks if the harvest of one lot would 
overlap with the fermentation of another.   

Our objective is to minimize the number of tanks used and wasted space in the tanks that are used. A 
user-defined weight allows for deciding if minimizing wasted space or tanks used is more important: is 
it preferable to split a 20 ton lot equally between two 10 ton tanks or to assign it to a single 25 ton tank, 
where 5 tons will be wasted?  

The most obvious constraint is that all lots must be assigned. Equation (2) guarantees that sufficient 
capacity from one or more tanks is allocated to each lot. Others (Kolympiris, Thomsen, and Morris 
2006) take a strategic view, allowing the winemaker to determine which lots to harvest. However, we 
assume that harvesting decisions are exogenous to the tactical problem at hand. As we track both used 
and wasted space in a tank and penalize the latter, Equations (3) and (4) properly account for all wasted 
tank space and prevent the model from artificially inflating the volume of used tank space.  

Equation (5) prevents timing infeasibilities in tank assignments. We generate these constraints only 
when the conflict matrix indicates that two lots overlap. In the initial data about half of the lots do. 
Equation (6) avoids non-temporal mismatches, as tanks with proscriptions will be prevented from 
having inappropriate lots assigned to them, such as preventing red wines from going into tanks restricted 
to white wines.  

Results, Next Steps, and Conclusion 

We produced an optimal schedule for the initial data set: filling tanks 72 times over the 70-day season. 
Only 15% of the 1475 tons of activated capacity was wasted. While about two-thirds of lots were 
assigned to one tank only, a few large lots were split into two or even three tanks. The tanks experienced 
uneven demand. We filled many of the small and all of the large tanks three times over the season. Yet 
we used several of the most common, medium sized tanks only once. We also explored what-if 



scenarios, varying the length of the fermentation process from 21 to 24 days. Capacity usage was tight, 
and not all lots could be processed had they required more than 24 days. 

Constructing and implementing a tool such as this is an iterative process. We plan to improve its 
functionality and usability based on user feedback from the current subject and operations managers at 
other wineries. As the end-users are ultimately winemaking professionals, not wine-drinking professors, 
the tool needs to be easy to use and update and must present results that are simple to understand. It 
should also be stable, inexpensive, and low-maintenance. 

The current subject winery predominantly sources from its own vineyards and has little interest in the 
grape spot market. However, other potential partners often buy their grapes. We plan to develop an 
auxiliary model that re-optimizes the current schedule while considers inserting additional lots that 
become available, should that be both possible and profitable.  

While global demand for wine is trending upward, the supply of wine is growing even faster, forcing 
producers to become even more competitive. Wineries will continue to need to improve their asset 
utilization, and inefficient usage of tanks increases operating and opportunity costs alike. Relying on 
business-as-usual scheduling will become less viable as both supply and demand grow evermore 
stochastic. Being able to re-optimize on the fly during the season will allow wineries to limit problems 
arising from unanticipated changes and take advantage of unforeseen production opportunities. Tools 
based on operations research models such as the one we describe can help winemakers in their quest to 
improve profitability. 
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Appendix: Model Formulation 

Sets  

t ∈ T  Tanks. 
l ∈ L  Lots of harvested grapes. 
 

Data Parameters 

While some wineries may express tank capacities in terms of volume, we follow the original winery’s 
convention of using tons of grapes crushed. 

Ct  Capacity (tons) of Tank t 
𝑃𝑡 =  {1 if Tank 𝑡 is Proscribed from use in certain fermentations 

0 otherwise                                              

St  Setup cost incurred each time Tank t is used 
Al  expected Amount (tons) of Lot l  
Hl  expected Harvest date, measured in days from the start of the season, of Lot l  
Fl  expected Fermentation length (days) of Lot l 
𝑅𝑙 =  {1 if Lot 𝑙 is intended to become a Red wine 

0 otherwise                               
OW  user-specified Objective Weight, where 0 ≤ OW ≤ 1 

 

Variables 

 𝑣𝑙,𝑡 Volume of Lot l assigned to Tank t  
 𝑤𝑙,𝑡 Wasted space in Tank t leftover from being used for Lot l 
 𝑚𝑙,𝑡 =  {1 if Lot 𝑙 is matched to Tank 𝑡 

0 otherwise                    

 

Pre-solution Calculations 

If lots are listed in chronological order of expected harvest, the |L| x |L| Conflict Matrix will have an 
upper triangular form.  

CM𝑙1,𝑙2 =  {1 if  𝐻𝑙1 +F𝑙1 ≥  𝐻𝑙2 | 𝐻𝑙1 ≤  𝐻𝑙2 𝑎𝑛𝑑 𝑙1 ≠ 𝑙2 
0 otherwise                                

 

 

 

Objective Function  

Minimize a combination of total tank usage and wasted space within tanks that are used. The user-
defined objective weight and setup cost data will influence the solution. 

min 𝑂𝑊 ∑ 𝑆𝑡
𝑡

∑ 𝑚𝑙,𝑡 + (1 − 𝑂𝑊) ∑ ∑ 𝑤𝑙,𝑡
𝑙𝑡

 (1)
𝑙

 



Constraints 

All of a lot’s tonnage must fit in the tank(s) assigned. 

∑ 𝐶𝑡 ∗ 𝑚𝑙,𝑡 ≥ 𝐴𝑙 ∀𝑙 ∈ 𝐋
𝑡

 (2) 

As the model tracks both volume used and volume wasted within a tank and may penalize the latter, the 
next two equality constraints enforce that all tank space is accounted for.  

∑ 𝑣𝑙,𝑡 = 𝐴𝑙 ∀𝑙 ∈ 𝐋
𝑡

 (3) 

𝐶𝑡 ∗ 𝑚𝑙,𝑡 = 𝑣𝑙,𝑡 + 𝑤𝑙,𝑡 ∀𝑙 ∈ 𝐋, ∀𝑡 ∈ 𝐓 (4) 

This class of constraints prevents a tank from being assigned to two lots that would have a temporal 
conflict. 

𝑚𝑙1,𝑡 +  𝑚𝑙2,𝑡  ≤ 1 ∀𝑡 ∈ 𝐓, ∀𝑙1, 𝑙2 ∈ 𝐋| CM𝑙1,𝑙2 = 1 (5) 

 

The next class of constraints prevents inappropriate lot assignments to tanks with certain proscriptions.  

∑ 𝑅𝑙 ∗ 𝑚𝑙,𝑡 = 0 ∀𝑡 ∈ 𝐓|
𝑙

𝑃𝑡 = 1 (6) 

Lastly, non-negativity of the continuous variables must be enforced. 

𝑣𝑙,𝑡  ≥ 0, 𝑤𝑙,𝑡  ≥ 0     ∀𝑙 ∈ 𝐋, ∀𝑡 ∈ 𝐓 (7), (8) 

 


