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Abstract

China boasts the world's largest area of protected horticulture, yet the cost-benefit analysis of modern
greenhouses often remains ambiguous. To further elucidate the life-cycle cost-effectiveness of various
protected horticulture types, thesis employs BIM technology modeling and algorithms to precisely estimate
the cost budgets for plastic greenhouses, solar greenhouses, and Venlo-style multi-span glass greenhouses.
Compared to traditional survey methods involving visits, this approach eliminates subjective interference
factors, scientifically predicts the entire construction process of diverse horticultural facilities, reasonably
calculates consumables and various expenses, and enables quantitative evaluation of BIM technology's
application in facility horticulture. Additionally, by combining questionnaire surveys conducted among
farmers in Yukou Town, Pinggu District, Beijing, we comprehensively obtained the annual economic
benefits of each facility type, subsequently analyzing the life-cycle economic status of different facility
horticulture types.

Using the plastic greenhouse of Beijing Jingwa Center, solar greenhouse, and Wenluo-style multi-span
glass greenhouse as references, BIM technology modeling was conducted, resulting in a construction cost
budget. The BIM model was employed to construct a 10x70 m plastic greenhouse, with a total steel
consumption of 220.282 kg and an average cost of 47.1 yuan per square meter. For a 608 m solar
greenhouse, the total steel consumption is 271.561 kg, with a cost of 295.5 yuan per square meter. In the
case of an 80x46 m Wenluo-style multi-span glass greenhouse, the total steel consumption amounts to
21,344 kg, with a cost of 1980 yuan per square meter. Subsequently, the fuzzy comprehensive evaluation
method was employed to ascertain the weight of each evaluation index, and an effect evaluation model for
construction cost control based on BIM technology was established in conjunction with the analytic
hierarchy process. The evaluation results indicate that the comprehensive evaluation value for construction
cost control of horticultural facilities based on BIM is 94.77, with an evaluation grade of good. BIM
technology has played a significant role in the construction cost control of engineering projects.

According to the survey data, the production cost of a plastic greenhouse is approximately 23.86 yuan
per square meter. The production cost per square meter for a solar greenhouse is roughly 66.36 yuan. The
production cost of a Wenluo-style multi-span glass greenhouse stands at around 287.50 yuan per square
meter. The output-to-investment ratios for solar greenhouses and plastic greenhouses are 1.36 and 1.44,
respectively. In the production process of multi-span glass greenhouses, the costs associated with heating
and cooling are excessively high, coupled with significant fixed investments. Currently, the
output-to-investment ratio is merely 1, making it challenging to achieve high input, high output, and high

profits. Without taking into account the impact of price fluctuations throughout the entire lifecycle of

Vi



different types of horticultural facilities, and assuming normal production for each facility type during this
lifecycle, the total profit for a plastic greenhouse is 113,640 yuan per 667 square meters, while for a solar
greenhouse, it amounts to 329,280 yuan per 667 square meters. In contrast, the total profit for a
Wenluo-style multi-span glass greenhouse is merely 39,980 yuan per 667 square meters. The total lifecycle
benefit for a solar greenhouse is 132,181.5 yuan per 667 square meters, followed by plastic greenhouses
with a benefit of 82,224.3 yuan per 667 square meters.

In summary, plastic greenhouses have the lowest cost, while Wenlo-style multi-span glass
greenhouses have the highest cost. Both plastic greenhouses and solar greenhouses can generate good
economic benefits throughout their entire life cycles. Plastic greenhouses and solar greenhouses are still the
most practical types of horticultural facilities in China, capable of yielding significant economic benefits.
However, due to the high initial construction and production costs, high daily operational expenses, and
high labor costs for management, Wenlo-style multi-span glass greenhouses cannot achieve full life cycle
profitability at present, making it difficult to widely promote them nationwide. In the future, with
technological breakthroughs and the resolution of energy issues, the production of Wenlo-style multi-span
glass greenhouses will emerge as the mainstream in horticultural facilities.

Key words: Facility agriculture; Life cycle; Cost analysis ; Economic benefits
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