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INTRODUCTION

Spinach market in the U.S.
• Spinach is one of the most popular high value high 

tunnel crop.1

• Total spinach production in the U.S. in 2017 was 370 

million kg with sales value $401 million.2

• California (CA) is the leader in spinach production 

producing 65% of total production in the U.S.2

• Distance travelled to reach the consumers in Ohio 

(OH) - ~4000 km.

Vacant lots in urban areas in the U.S. 

and OH
• Vacant lot is a neglected parcel of property that has no 

buildings on it.3

• Average vacant lots in the major U.S. cities has been 

increasing in recent years.3

• OH has 6 cities within top 25 cities with highest 

percentage of vacant lots in the U.S.3

Urban farming in the vacant lots
• Vacant lots can be potentially used for urban farming in 

high tunnel (HT) (Fig. 1).

• HT is a type of unheated greenhouse used primarily for 

the crop season extension and crop protection.4

OBJECTIVE

RESULTS AND DISCUSSION

CONCLUSIONS
• Reducing the food miles by growing the food locally can lead 

to big reduction in GHGe.

• Using compost produced from food waste in urban farms can 

provide environmentally friendly alternative to chemical 

fertilizers.

• Rainwater harvest can be used as alternative source for 

irrigation which can help reduce GHGe.

• Urban farming can help reduce food insecurity and improve 

economy of the community utilizing vacant lots.

BROADER IMPACTS
• Spinach farming in 30% of the available vacant lots (8.8 km2) 

in Mansfield can produce 1,080 tons of spinach worth $1 

million (retail value). 

• Spinach production at this scale can reduce the carbon 

footprints by 462 metric ton CO2e, equivalent to emissions 

from 1.85 million km driven by an average passenger vehicle. 

• 19,570 tons of food waste can be composted for use in 

spinach production in 30% of vacant lot.
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To compare the environmental impacts of spinach grown in 

an urban farm in Ohio to conventionally grown spinach in 

California using life cycle assessment (LCA).

Goal and scope definition

Functional unit: 1 kg of spinach in market.  

System Boundaries: “Cradle-to-gate” approach includes processes 

involved in spinach production (cradle) to spinach delivered to the 

market (gate) (Fig. 2). 

Scenarios: 4 different scenarios were considered for urban farming 

and compared with conventional farming (Fig. 2).

Inventory analysis
Primary data: 

HT structure and construction data: NECIC farm

Spinach production inputs: NECIC farm

Secondary data: 

Conventional spinach production inputs: Literature.9

Distance from CA to OH: Google maps

Emissions related to farm equipment and transportation: 

Environmental Protection Agency (EPA) reports, GREET 

database.10,11

Impact assessment

Impact category: Greenhouse gas emissions (GHGe) expressed in 

kg CO2 equivalent (kg CO2e).

Sensitivity analysis 
Sensitivity analysis was done using the available minimum and 

maximum values for different input parameters for urban farming to 

evaluate their impacts on the GHGe.

Food waste in the U.S.
• Food waste can be recycled to produce compost.

• U.S. is the global leader in food waste, with nearly 36 

million tons of food discarded each year.5

• Approximately, 6.3% (2.4 million tons) of food waste was 

composted in 2017.6

LCA methodology conforms to LCA framework from ISO 

Standard 14044-2006.7

Resource requirements
• Conventional farming used more fuel to deliver spinach to 

longer distance consumers in Mansfield, OH (Fig. 2).

• Water demand was high in conventional farming due to 

lower annual rainfall and drier condition in CA.

• 1 kg of spinach production required 0.3 kg compost, 

which is produced using 0.8 kg of food wastes collected 

from multiple sources from the community. 

Fig 4. Sensitivity analysis for spinach production in UF, CW, C 

scenario. (Note: value in parenthesis are base values and 

values at the ends of the graph are min. and max. values) 

Fig 3. Emissions for different spinach farming scenarios

Fig 2. Resources requirements for different operations under 

different farming scenarios

Study site
• North End Community Improvement Collaborative 

(NECIC) Farm Mansfield, OH.

• Vacancy rate in Richland county (Mansfield): 11.6%.8

• Total land area:12 acres

• High Tunnels (HT): 8 HT (72’ x 30’) and each tunnel has 8 

raised bed 4’ x 32’. Total HT area: 17,280 sq. ft.

• City water was used for irrigation and food waste compost 

was used as fertilizer.

Fig 1. Advantages of urban farming in vacant lot

Sensitivity analysis
• Spinach yield and water used for irrigation had the highest 

impact on the GHGe for spinach production in high tunnel 

in Mansfield, Ohio (Fig 4).

GHGe for spinach production
• Spinach production in urban farm reduced GHGe by 56-

74% considering different scenarios (Fig 3).

• For conventional spinach farming the total GHGe was 

0.7 kg CO2e/kg spinach.

• Transportation contributed to 55% of the total emission 

followed by irrigation (31%) and fertilization (8%).

• Larger irrigation demand followed by high GHGe

associated with electricity used to pump groundwater 

resulted in high emission for conventional farming.

• For urban spinach production, irrigation and HT 

construction were the main GHGe contributors.

• Offset for compost application 0.09 kg CO2e/kg spinach 

was credited for urban farming.
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