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672A – Building Envelope improvement,

Greenhouse energy shade screens

I.  Scope

The work will consist of furnishing and installing materials as required to provide a complete greenhouse energy shade screen system for reducing energy, cooling, and/or day length control in a greenhouse as shown on the drawings.  

II.  Installation

Energy/shade screens can be installed gutter to gutter or truss to truss.

All manufacturer's and testing lab installation instructions shall be followed during installation of the system. All equipment shall be installed so as not to void manufacturer's warranties. All fasteners and hardware shall be tightened to the manufacturer's specifications. All electrical work shall conform to requirements in the current edition of the National Electrical Code (NEC). 

The systems shall be tested to determine if the system is in proper working order, and will deliver the required shade factor and energy use reduction. 
III. MATERIALS
Materials shall be selected based upon the purpose of the shade screen system. 

Materials that are commonly used in these types of systems shall be selected for use.
IV. SUBMITTALS
The following items are to be submitted for review and approval prior to installation of 
the greenhouse energy shade screen system:

1. Equipment and Materials list;
2. Warranty documentation;
3. Site specific construction and installation drawings and specifications; and

4. Procedures for Operation and Maintenance. 
V. COMPONENTS
Cables. The standard system uses nylon monofilament or stainless steel cables to support the blanket material. The material can either rest on top of a network of cables or be

suspended by hooks from the cables. A gear motor powers a drum or rack and pinion that moves the leading edge of the blanket material.

Screen Drive Systems. Three types of drive systems are used to move the screen, cable and drum, push pull, and chain and cable.

The cable and drum system operates like a clothesline. It uses a gear motor that rotates a shaft near the center of the greenhouse. A stainless steel cable wrapped around a grooved drum connects shafts at each

bay. The cable is attached to the leading edge of the screen. It extends the screen when the cable pulls the leading edge. It gathers and retracts the screen when moved in the other direction. 

Push and pull systems are used for truss to truss systems. Pinion gears on cross shafts move the toothed racks back and forth over the distance between the trusses. The leading 
edge of the curtain in each space between the trusses is connected to the racks and provides back and forth motion.

The chain and cable drive system is similar to the push and pull system with the exception that lengths of roller drive chain moved by a gear - motor and sprockets pulls or pushes the leading edge of the curtain between the trusses or across the width of the greenhouse.
Screen Material. The most common materials for energy screen are composite fabrics of alternating strips of clear and aluminized polyester or acrylic held together by a finely woven mesh of threads. Other materials available include knitted and woven bonded polyester, metalized HDPE (high density polyethylene) and polyproplyene. 

Shade factor percentages range from 10-100% and energy savings percentages range from 20-75%. 

Screens material can have an open or closed weave. The closed weave has a higher energy savings and is used in greenhouses with fan ventilation systems. For natural ventilation, an open weave allows the heat to rise through the screen when it is extended. Some porosity is desirable to prevent accumulation of moisture on top of the screen. Thread used to sew the strips together usually provides this.
VI. SPECIAL MEASURES

Measures and construction methods shall be incorporated, as needed and practical, that enhance fish and wildlife values while minimizing disturbances to instream and riparian habitats.  Special attention shall be given to protecting visual resources as well as the physical characteristics of the streambank, streambed and surrounding vegetation.

VII. 
Construction operations

Construction operations shall be done in such a manner that erosion and air and water pollution are minimized and held within legal limits.  The owner, operator, Contractor or other persons will conduct all work and operations in accordance with proper safety codes for the type of construction being performed with due regards to the safety of all persons and property.  
The completed job shall be workmanlike and present a good appearance.  

VIII. Basis of Acceptance

The acceptability of the energy shade screen system shall be determined by inspection to check:

· Appropriate submittals are provided. 
· The ability of the system to deliver the required shade factor and energy use reduction.
· Submittals are reviewed and approved by NRCS prior to installation of practice measures, and
· The greenhouse energy shade screen system is installed and tested for proper operation. 
· All required certifications are provided.
· The Installer shall certify the installation complies with the requirements of the installation instructions provided by the manufacturer.  
· Component warranties are provided.
A written guarantee shall be furnished that protects the owner against defective workmanship and materials for not less than 1 year, and includes the names of the manufacturers of the equipment. 

Acceptability of any associated conservation practices shall be in accordance with the appropriate NRCS Conservation Practice Specification.
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