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Introduction: 

While deep winter greenhouses allow a farmer to grow crops throughout the winter, in order 
to be profitable, maximizing use of the space is important. Deep winter greenhouses can be 
costly to construct and limited in size. A successful producer will take full advantage of 
DWG's three-dimensional capacity and the low solar arc of the winter sun to maximize use of 
the growing space. 

 

This manual provides useful information for growers to maximize their growing space based 
on three-dimensional architectural modeling and on the experiences and advice of current 
DWG producers. Google Sketchup software was used to model sunlight falling on a DWG and 
provide visual examples of how shadows impact the growing space throughout the winter 
season. In reality, each DWG is different and grower experiences will vary from person to 
person. This manual should serve as a basic guide to aid the decision making process and is 
intended to inform one of the many factors that contribute to achieving optimum results. 
Every grower should take thorough notes each season to document their results and change 
practices based on that information. 

 

The ability to grow more crops out of the DWG will allow the grower to increase the amount 
of saleable product. Some producers will grow both in the ground in raised beds, and in 
planter containers made from rain gutters on shelves or suspended from hangers. In the 
Winter Greens Enterprise Budget, Pesch (2020) states that the average coverage of DWGs 
studied is approximately 71%, meaning that the square footage of planters and raised beds is 
71% of the total area. In the DWG layout configuration model here, however, that figure is 
closer to 56%. There are three important factors to consider:  

1. Raised beds are typically not as densely planted as planters. In raised beds there is more 
soil space between plants. 

2. In the model, there is an inch or two of space between planters. It is unknown whether 
this will provide a better environment by reducing crowding of growing plants, or 
whether fast growing cut-and-cut-again crops can thrive in this density. Hodge & 
Schweser (2019) have noted that DWG crops are sometimes able to grow better when 
planted much more densely than the suggested seeding rates. This suggests that there 
could be factors unique to the DWG environment that makes it a more favorable growing 
space for salad greens. Placing gutters closer together gives the producer more growing 
space. By placing gutters closer together, a user could place more planters in the growing 
area.  

3. The model attempts to provide a reasonable use of space that allows for adequate 
accessibility for an average person. Some DWG growers use narrower access aisles or 
higher shelving units. These practices will increase production capacity but decrease ease 
of accessibility.   

 

Please note that this guide contains rough guidelines for an example of shelving. These 

are NOT construction instructions. Those choosing to mimic these shelving units will 

need to ensure that they are strong, sturdy, and adequately braced. Additionally, each 
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greenhouse is different and will have different dimensions and locations for mechanicals, 
electric, heating, etc…. One should build shelving in a manner that works for their comfort 
and their greenhouse operation..  

Assumptions and notes: 

The Sketchup model used to create the DWG shelving layout mimics a location on earth 
located at 45 degrees North latitude, as this is the latitude for which the DWG 2.0 design was 
created. In winter, producers located further north will experience a lower solar arc and 
shorter days while those further south will experience a slightly higher solar arc and longer 
days.  

 

The Sketchup model uses the DWG v2.0 prototype design developed by the University of 
Minnesota.  

 

This modeling exercise attempts to maximize production space and provides a reasonable 
operable use for a fit, able-bodied person. Paths, reaching distance, and shelf height can and 
should be adjusted to the needs of the specific worker(s) in a given DWG space. 

 

The system assumes DWG producers will only grow salad greens in planters made from rain 
gutters sized 40” (3 ½ feet) x 4 ¾” and 60” (5 feet) x 4 ¾”. While it is certainly possible to 
grow different crops in different containers, currently the majority of DWG producers focus 
on this system as salad greens grow efficiently, quickly, and are a high value niche crop that 
thrives in low light and low heat environments. Although not a part of this study, DWG 
growers are also able to grow many other cool weather crops and are encouraged to 
experiment with new crops to see what works best for them and their customers. 

 

DWG 2.0 Layout Configuration Model 
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The DWG is divided into three areas for growing crops, west shelving units, central shelving 
units, and east shelving units. There are work spaces and storage spaces available 
underneath the northwest and northeast shelving areas. There is also ample space for 
storage or work space in the north side of the DWG where shading inhibits plant growth. The 
model does NOT show a heating unit, which is usually hung from the ceiling of the DWG and 
automatically switches on when the ambient temperature drops below a preset temperature.  

 

The model contains a total of 100 planters. Eighty-three of them are 5’ long (60 inches) and 
17 of them are 3’ 4” long (40 inches). The total precise square feet of active growing space is 
176.875 square feet. DWG growers could increase growing space by adding additional higher 
shelving, crowding aisles with additional planters, and hanging planters from support 
beams. This will provide opportunities for increased production, but at the expense of 
accessibility and could potentially pose safety hazards associated with consistent need to 
awkwardly access planters located high up or in tight spaces.  

 

These shelving units in the model have the following characteristics: 

 

Central Shelving Units 

In the model, the central shelving units consist of two structures. The first is located directly 
in front of the exhaust coming from the rock bed thermal mass at the base of the glazing 
wall, and has one shelf at one foot, seven inches tall. At this height, the shelf should be 
about level with the exhaust vent. This shelf is 8 feet and 4 inches wide and allows for 
seventeen 3 1/3 feet gutters which are placed perpendicular to the south glazing wall. (It is 
certainly possible to make this 8 feet wide instead of 8 feet four inches if longer studs are 
unavailable. The longer boards allow for one additional gutter).  

 

Just north of the first shelf, a standard three-tiered wire-shelf (48 in. W x 72 in. H x 24 in. D) 
with 4 inch casters is placed between the two support beams. This shelving is placed so that 
the space between the planters on the front shelf and the gutters on the middle shelving unit 
is 8-¼”apart. The bottom shelf on the center unit is located 1’ 2” from the ground (or, more 
importantly five inches below the shelving in front by the manifold). The solar arc 
throughout winter will allow light to reach the lower shelf without shading.  The second shelf 
is located 3 feet 8 inches from the ground and the top shelf is located 6 feet 4 inches from 
the ground. Placing shelving units at these heights minimizes shading throughout the 
winter.  
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West Shelving Units 
 

 

 

 

 

 

 

 

 

The west shelving units are made up of three overlapping shelves that step up from south to 
north. Two areas of overlap enable gutters on the higher shelves to be placed above lower 
shelves. Gutters are 5 feet long (one 10’ length of gutter cut in half) and placed parallel to the 
south wall to allow for easy access for removing and replacing gutters to fill with soil, 
seeding, cutting, or other tasks. Gutter brackets are installed into the support beams of the 
shelving unit to allow for a more convenient work space, enabling the grower to perform 
cutting or seeding tasks without having to lean over the shelving unit. The top shelf extends 
all the way to the north wall to make the most use of space during the mid-winter when the 
solar arc is lowest.  

 

The lowest shelf is 4 feet wide with a depth of 3 feet which allows it to tuck under the shelf 
above it. It stands 1 foot 6 inches tall.  The second shelf is 3 feet 6 inches tall and five feet 
wide with a depth of 5 feet. The design in the model includes a cantilevered portion that 
overlaps the shelf below by 2 feet to avoid shading. The third shelf is 5 feet 5 inches tall, 8 
feet long, with a depth of 5 feet. Like the middle shelf, the cantilevered top shelf overlaps the 
one below by 1 foot 10 inches. The height of this shelf allows for ample storage or work 
space below. 

 

East Shelving Units 

  

 

 

 

 

 

 

 

 

 

The east shelving units are almost a mirror image of those on the west, except that the top 
shelf is shorter to allow for space for the door swing. The lower shelf has a width of 4 feet, a 
depth of 3 feet, and a height of 1 foot 6 inches. The second shelf is 3 feet 6 inches tall, 5 feet 
wide, and a depth of 5 feet. The second shelf overlaps the bottom shelf by 2 feet from the tip 
of the shelf to the back of the furthest north gutter. The top shelf is 5 feet 5 inches tall, 5 
feet 3 inches wide, with a depth of 5 feet. The top shelf overhangs the bottom shelf by 1 foot 
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10 inches. The space beneath the top shelf can provide room for storage or work space. 
Gutter brackets are installed in the support beams to allow for an easier workspace for 
seeding and harvesting. The image above shows gutter planters placed into the brackets for 
harvest.  

 

Shading 

A DWG grower needs to pay careful attention to shading effects within the greenhouse. As 
the solar arc descends toward the horizon going into the winter solstice period, then ascends 
as the spring comes on, the shading and solar exposure within the greenhouse shifts 
dramatically. The early and late part of the winter growing season has the most solar access 
in the greenhouse (12 hours 14 minutes on October 21; and 12 hours 4 minutes on March 
21). The low solar angle on the solstice makes more sun available to planters/gutters placed 
on tiered shelving units even though December 21 has only 8 hours and 46 minutes of 
sunlight. This low angle could entice a grower to place tiered shelves closer to take 
advantage of the low sun angle, but this strategy quickly shades plants as the winter 
progress. The DWG 2.0 layout configuration model attempts to optimize solar access in the 
early and late growing season in order to avoid shading of planters on shelves. 
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Deep Winter Greenhouse Shadow Study at 45 degrees latitude 
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The shade study examines conditions throughout the winter growing season in the DWG 2.0 
using the model shelving and planter configuration. The DWG model is placed in a 
hypothetical location in Minnesota 45 degrees north and 94 degrees west. The intention of 
this study is to test placement of the hypothetical shelving units holding rain gutter planters 
for cut and come again salad greens grown in the DWG. The study demonstrates minimal 
shading on the lower two levels of planters showing that placement at the heights 
recommended in the DWG Planter Layout Guide is adequate to reduce shading of the 
planters below.  

 

As the sun moves from east to west over the horizon in late October, the largest portion of 
continuous shade impacting crop growth is in the furthest northwest planters on the upper 
tier of the western shelving units. In this portion of the greenhouse it will be particularly 
difficult to grow crops without additional light as plants are already typically responding to 
diminishing daylight with slow growth. The most shaded area of the DWG in the Northwest 
corner does not have planters to make room for the door swing.  

 

During mid-December, during the solstice period, most of the greenhouse receives sunlight 
during most of the short daylight period. The exceptions are the portions directly in front of 
the exhaust manifold and fan, which cast shade on the plants growing in the furthest south 
area of the greenhouse. Though the days are short, the stable daily sunlight allows DWG 
crops to thrive as long as they are not receiving shade from obstructions.  

 

In late March, near the end of the winter growing season, shading occurs roughly opposite to 
the late October images. However, as the eastern shelving units are not as long to make way 
for the door swing, fewer planters on the eastern top shelf are shaded. However, shading on 
the highest western shelf becomes an issue. These portions of the greenhouse will be less 
useful in the spring expansion season, however the increasing light and intensity of light will 
cause plants to grow faster, likely allowing for greater yields overall despite shaded areas.  

 

Shelving and planter hanging options:  

 

 

 

 

 

 

 

 

 

 

 

The following shelving systems are used by producers in real DWGs. These examples are 
provided here to give prospective DWG growers ideas in how to develop and build their own 
shelving units. Many DWG producers grow a combination of crops in the ground in raised 
beds and in planters suspended from chain or rope hangers. This system allows for more 
production than just using in ground production. While many in-ground crops grow slowly, 
some DWG producers have opted to focus on fast growing salad greens, opting for shelving 
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units in place of raised beds which allow for greater planting density. Wire shelving units 
available from hardware and home stores are a versatile option as they allow for 
adjustments of shelf heights. If excessive shading of plants occurs, the middle and top 
shelves can be raised to allow more light to penetrate. Some shelving units are also available 
with casters which allows the grower to move the unit around should the ideal location shift 
slightly throughout the season. Despite the versatility, wire shelving units may be subject to 
rust and deterioration in the humid environment of the DWG and should not be left in the 
growing area throughout the extremely hot summer months. 

 

Tiered shelving (central shelving units) and overlapping shelving (east and west shelving 
units) provide opportunities to take advantage of vertical space and low solar angles to make 
better use of space. Consider identifying and filling up unused space. In this example, the 
west shelving units could extend to the north wall with the underside of the shelving used 
for work space or storage. Use of a higher level of shelving could be possible if the grower is 
comfortable using a step stool to access gutters.  

 

 

 

 

 

 

 

 

 

 

 

Building wooden shelving units can provide a more permanent production space once if the 
user identifies a particular planter configuration that works for them. Another option is to 
create nested overlapping shelving units of different heights on casters that can slide in and 
out of each other. This option is convenient to move shelves slightly to follow sunlight, or to 
allow for easier access throughout the greenhouse. 
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