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Abstract: 

Aim: According to COP23 Climate Change threatens the stability of the planet’s ecosystems, with a 

tipping point believed to be at only +2°C. With the burning of fossil fuels, held responsible for the 

release of much of the greenhouse gases, a sensible world- wide strategy is to replace fossil fuel energy 

sources with renewable ones. The renewable resources such as wind, hydro, geothermal, wave and tidal 

energies are found in particular geographical locations whereas almost every country is potentially able 

to exploit PV and biomass. This paper examines the role that changing climate could have on the 

growing and processing of biomass. The primary concern is that future climates could adversely affect 

the yield of crops, and hence the potential contribution of biomass to the strategy to combat climate 

change. Maize, a C4 crop, was selected for the study because it can be processed into biogas or other 

biofuels. Four different Nigerian agricultural zones (AEZ) growing maize were chosen for the study. 

Long-term weather data was available for the four sites and this permitted the modelling of future 

climates. 

Design / Research methods: The results of this study come from modelling future climates and 

applying this to crop models. This unique work, which has integrated climate change and crop 

modelling to forecast yield and carbon emissions, reveals how maize responds to the predicted 

increased temperature, change in rainfall, and the variation in weather patterns. In order to fully assess 

a biomass crop, the full energy cycle and carbon emissions were estimated based on energy and 

materials inputs involved in farm management: fertilizer application, and tillage type. For maize to 

support the replacement strategy mentioned above it is essential that the ratio of energy output to 

energy input (the Net Energy, NE) exceeds 1, but of course it should be as large as possible. 

 

Conclusions / findings: Results demonstrate that the influence of climate change is important and in 

many scenarios, acts to reduce yield, but that the negative effects can be partially mitigated by careful 

selection of farm management practices. Yield and carbon footprint are particularly sensitive to the 

application rate of fertilizer across all locations whilst climate change is the causal driver for the 

increase in net energy and carbon footprint at most locations. Nonetheless, in order to ensure a 

successful strategic move towards a low carbon future, and sustainable implementation of biofuel 
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policies, this study provides valuable information for the Nigerian government and policy makers on 

potential AEZs to cultivate maize under climate change. Further research on the carbon footprint of 

alternative bioenergy feedstock to assess their environmental carbon footprint and net energy is 

strongly suggested. 

Originality / value of the article: Unlike most studies, which focus only on farm energy use and 

historical climate change impact, this paper uses a fully integrated framework for the assessment of the 

impact of climate change on growing biofuels under various farm management practices. Thus it 

provides calculations of the net energy available from growing biofuel crops under future climates. 

Keywords: Climate change, energy efficiency, life cycle analysis (LCA), climate models, Agricultural 

ecological zones (AEZs), carbon footprint (CF). 

JEL: Q4, Q13, Q54 

 

1. Introduction 

 

1.1 The problem 

The concentration of greenhouse gasses in the upper atmosphere is currently 

over 410 ppm (as equivalent in CO2): substantially above the pre-industrial level of 

280 ppm, and rising to create global warming. A temperature increase of 2.0°C is 

predicted to take us through a tipping point, beyond which it may be impossible to 

stabilise the World’s Climate. Replacing fossil fuels with renewable energy is an 

essential strategy to avoid reaching this tipping point and the renewable energy of 

concern in this paper is biofuel. Most countries can grow crops for energy.  

Here we consider the question of the impact of the changing climate on the 

energy value of growing crops. A major question is whether future climates might 

reduce the crop yield, by how much, and if the crop represents a net positive 

contribution. For example, if the energy derived from a biofuel source is less than 

the energy used to plant, grow, harvest and process that biofuel then it should not be 

used in an energy strategy. We have taken maize in Nigeria as a sample crop, and 

assessed its response to climate change.  

 

1.2 The present situation 

Maize is a staple crop in Nigeria, used for food, and animal food, as a raw 

material for industrial products and biomass fuel (Olaniyan 2015). The world 

production of maize is dominated by the USA, which produces some 42%, whilst 

Africa as a whole produces 6.5% and must import a quarter of its needs for food and 
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commercial applications. Nigeria currently produces 8 Mt/a or about 1% of World 

production (Nwaogu et al. 2016).  

Over the 12 months to July 2017 maize prices in Nigeria almost doubled from 

US$ 274/t to US$ 502/t (FoodBusinessAfrica 2017). The exchange rate in July 2017 

was £1=482, US$=365N, making the maize crop worth about US$4b (USDA 2018). 

The Nigerian GDP was worth US$405b in 2016 (World Bank 2016). Thus, the 

maize crop is extremely important to the Nigerian economy. The price rise is 

blamed, but without strong evidence, on various factors: A foreign exchange ban, 

effectively limiting maize imports to 0.2 Mt/a and causing commercial buyers to pay 

higher prices for a limited local supply, macro-economic uncertainties, spot buying 

at the farm gate by poultry farmers, insurgency in the north east of Nigeria, 

infestation of army worms. Growing maize as an energy crop, by producing ethanol, 

is thus in competition with growing it as a raw material, or as food. In terms of 

maize as a biofuel feedstock, ethanol, produced from maize has an energy content of 

1.2 to 1.45 times the energy input (Liska et al. 2009). This is sufficient for it to be a 

valuable positive energy contributor, with low CO2 emissions. 

 

 

2. Modelling strategy  

 

2.1 Modelling the likely impact of climate change on the yield of maize 

Future climates are dominated by the influence of the enhanced greenhouse 

effect, resulting from the increased CO2 concentration in the upper atmosphere, 

which traps long wavelength radiation, leading to temperature increase. The climate 

change, though, is not limited to a simple temperature increase, but to more chaotic 

weather: longer episodes of flood and drought, more storms and unsettled 

conditions. Sea level rise will compromise coastal regions. In terms of growing 

crops, we might anticipate that warmer conditions will aid crop yield, but in fact, 

higher temperatures can be counterproductive. Also crucial to successful crop 

growth is the availability of water and so episodic variations in rainfall could be a 

dominating damaging factor. 
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In order to model the crop yield under future climates, four Nigerian sites 

representing different agro-geographical zones were selected (see Figure 1). 

Historical weather data was collected for all sites, and this was used to calibrate and 

validate a climate model. The climate model, which consists of an ensemble of 40 

GCMs, was then programmed to predict future climates under two representative 

scenarios: RCP 6.0 and RCP 8.5 for 2020, 2050 and 2080 timelines.  

 

Figure 1. Solar insolation in Nigeria showing the location of the selected sites 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Ohunakin et al. (2014). 

 

Based on the projected GCM results, which are indicative of gradual site-

specific warming (see Figures 2 and 3), it is highly likely that climate change will 

have profound effect on maize crop productivity in the agro-ecological zones 

studied. Similar to Mereu et al. (2018), higher maize yield reduction in the Southern 

Guinea savannah of Nigeria (Ilorin) was due to a projected temperature increase of 

above 2°C, projected under the RCP 8.5 emission scenario especially.  
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Figure 2. Scatter plot used to visualise the spread of future changes in rainfall 

(%) and mean temperature (°C) with respect to baseline under RCP6.0 

scenario. Each scenario year is colour coded (green – 2020; blue – 2050; red – 

2080)  
 

Source: Data processed by authors. 

 

Figure 3. Scatter plot used to visualise the spread of future changes in rainfall 

(%) and mean temperature (°C) with respect to baseline under RCP 8.5 

scenario. Each scenario year is colour coded (green – 2020; blue – 2050; red – 

2080)  

Source: Data processed by authors. 
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Results show that average projected temperature will increase by 2.4 °C and 3.3
 

°C towards the year 2080 relative to a 2010 climate baseline. Likewise, rainfall will 

increase slightly (±0.3 to ±8 %) across the locations studied: Ibadan, Jos, Enugu and 

Ilorin. Hence, adequate adaptation measures will be required to overcome the effects 

of these climatic changes on crop yield. Based on evidence from the latest IPCC 

AR5 report (2014), global warming in Africa is likely to become larger than global 

annual average warming (Niang et al. 2014; Hartley et al. 2015). The impact of 

climate change on yields of major cereal crops in sub-Saharan Africa will be 

negative overall, with strong regional variation in terms of the degree of reduction 

(Niang et al. 2014; Ezeaku et al. 2014; Parkes et al. 2018). Although different GCMs 

tend not to agree with predictions of the average amount of rainfall for the region, 

there is a consensus that the inter-annual variability of the amount of rainfall will 

increase (Traore 2014). According to Magugu (2016), local physiographic and 

atmospheric effects makes future rainfall projections less certain compared with 

temperature projections.  

Climate change impact on maize yield varied across locations within the 

Derived savannah and Southern Guinea savannah AEZs. Maize yield increased in 

Jos, Enugu and Ilorin for both projected scenarios (RCP 6.0 and 8.5) and declined as 

the timeline shifted from 2020 to 2050, further declining below baseline levels by 

2080. Climate change reduced yield under all scenarios in Ibadan compared to 

baseline yield (see Figures 4 and 5). The general decline in maize yield from year 

2020 to 2080 suggests a greater negative influence due to warmer climate. This 

result is consistent with the projections of Corbeels et al. (2018) who found average 

maize yield would significantly decline in Southern Africa under the RCP 8.5 

scenario. Increase in maize yield variability in response to climate change was 

positive for all location, which according to Parkes et al. (2018) represents a risk of 

crop failure and loss especially for northern and southern Nigeria.  
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Figure 4. Chart of simulated maize yield output for baseline and RCP 6.0 

scenarios for the period 2020–2080 at four study sites 

 

Source: Data processed by authors. 

 

Figure 5. Chart of simulated maize yield output for baseline and RCP 8.5 

scenarios for the period 2020–2080 at four study sites 

Source: Data processed by authors. 
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Optimal fertiliser application is an adaptation strategy in the event of climate 

change impact on crop yield (Nasim et al. 2016; Mahama, Maharjan 2017). Maize 

yield response to varying nitrogen fertiliser rates (from 80 kg N ha
-1

 to 250 kg N ha
-

1
) was evaluated. The optimal application rate was 160 kg N ha

-1
 with the exception 

of one location (Jos) in the Southern Guinea savannah AEZ which required higher 

application rates (200 kg N ha
-1

 to 250 kg N ha
-1

) to obtain maximum yield under 

both climate scenarios. Further evaluation of different maize genotypes is required 

to determine yield response to optimal fertiliser rates as suggested in this study 

under climate change. 

 

2.2 Evaluation of maize as a future biofuel feedstock 

The environmental impact assessment of a farming system using the LCA 

framework is very common. This is because its holistic approach makes it possible 

to identify hot spots for environmental pollution, but also to avoid pollution trade-

offs across the life-cycle stages (Bessou et al. 2013). This study applied a 

streamlined LCA method that focused specifically on a maize production system 

within the biofuel production network.  

Energy use in maize production was estimated by varying both farm 

management practices and equipment energy input. Results show that climate 

change affected all energy indicators used to assess the efficiency of maize 

production but by varying degrees for each location studied, and dependent on the 

tillage method (CT, RT, NT) and fertiliser application rate (80 kg N ha
-1

, 160 kg N 

ha
-1

, 200 kg N ha
-1

, 250 kg N ha
-1

) adopted. Increasing fertiliser rates increased total 

energy input with a consequent reduction in energy use efficiency. The direct 

environmental effects as a result of the release of CO2 and other GHG emissions, as 

well as the excessive use of natural resources are global concerns that must be 

addressed through efficient use of material inputs. A higher proportion of input 

energy was attributed to nitrogen fertiliser and diesel fuel in all 12 management 

scenarios, with averages of 71% and 14% respectively. The NT tillage system and a 

low fertiliser input of 80 kg N ha
-1

 (160 kg N ha
-1

 for maximum yield output) show a 

potential to reduce total energy input by a significant amount and could translate to 
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reduced operational costs for farmers. These combinations should seriously be 

considered for future maize cultivation systems.  

Energy output (MJ ha
-1

) was positive for all climate change scenarios, which 

represents energy gain for maize produced. However, when compared to the 

baseline, energy gained reduced as climate change progressed to the year 2080 

across all four AEZs, despite the application of a higher amount (250 kg N ha
-1

) of 

synthetic nitrogen fertiliser (see Figure 6). The effect of using different tillage 

practices under future climate scenarios did not improve the overall energy output. 

The lowest energy use efficiency was predicted for the year 2080 under RCP 8.5 

scenario but the efficiency improved across all scenarios by reducing soil tillage 

practices (NT tillage system). The system net energy value (NE) was positive which 

represents energy gain for all sites but the values reduced under climate change 

scenarios. Higher NE gain was obtained by adopting the NT method at Jos, Ilorin 

and Enugu but the CT tillage system was more beneficial at Ibadan. 

 

Figure 6. Energy output (MJ ha
-1

) deviations of RCP 6.0 and 8.5 scenarios from 

baseline at Ibadan, Jos, Ilorin and Enugu sites. Results are based on 250 kg N 

ha
-1

 rate. CT- (Conventional tillage); RT – (Reduced tillage); NT – (No tillage) 

Source: Data processed by authors. 
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The LCA result shows the estimated emissions from soil due to fertiliser 

application adversely influenced the total GHG emissions, and carbon footprint 

increased per kg of maize produced. On average, total GHG emissions under farm 

management scenarios (fertiliser rate x tillage methods) was 2,931.4 kg CO2eq ha
-1

. 

These findings align with those of Ma et al. (2012) who reported a similar GHG 

emission range from a maize farm experiment based on three rotation systems. 

Direct and indirect soil N2O emissions associated with the application of urea 

fertiliser were the main emitters (53.4%) followed by GHG emissions from the 

production of farm input materials (37.8%). Within this category, CO2 emissions 

from fertiliser production was the highest. CO2 emissions from field machinery 

operation and from urea application (emission due to soil hydrolysis) contributed 

small shares to the total GHG emission (4.4% and 4.3%). The impact of N fertiliser 

is therefore significant and underlines the importance of efficient N management. 

Studies have suggested that in addition to the split fertiliser method adopted in the 

simulation of crop yield, the use of enhanced efficiency fertilisers (EEFs) should 

also be utilised to maximise N-use efficiency and the reduction of N2O emissions 

(Uchida, Rein 2018; Chen et al. 2018).  

The carbon footprint (CF) per kg of maize grain produced was estimated based 

on the total GHG emissions from input production, field operation, soil emission, 

and the localised climate change impact on yield under farm management scenarios 

(see Figure 7). CF increased between 2020 and 2080 under both RCP 6.0 and 8.5 

climate scenarios. The highest CF was associated climatically with the highest 

temperature increase scenario (RCP 8.5) in 2080, irrespective of the fertiliser rate or 

tillage system. This reflects the impact of harsher climate change on crop 

productivity compared to baseline. It indicates that generally, as grain yield declines 

under climate change, CF per kg of maize grain increases as expected, although with 

some exceptions. As an example, when considering CF response to fertiliser rates, 

results show that irrespective of the climate scenario, CF as well as yield increased 

as the amount of fertiliser increased. This was due to the higher GHG emissions 

(soil emissions) from higher fertiliser rate. Therefore, it did not matter if yield 

increased at any location, essentially, higher fertiliser rates affected CF per kg of 

maize grain produced (Qi et al. 2018). 
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Figure 7. Carbon footprint (kg CO2eq kg
-1

 yield) of maize grain production 

under baseline and two RCP climate scenarios: Jos (a) RCP 6.0 and (b) RCP 

8.5; Ibadan (c) RCP 6.0 and (d) RCP 8.5 

 
Source: Data processed by authors. 
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3. Concluding remarks  

 

Climate change will affect the yield of maize: but the impact may be positive in 

some locations and scenarios and negative in others. The variation in temperature, 

precipitation, and increasingly chaotic weather makes it difficult to predict the value 

of a particular crop. When the Net Energy approaches 1.0 the environmental cost of 

maize as a biofuel feedstock is just equal to the energy derived from it; meaning that 

when NE is less than 1.0 that maize becomes a negative energy source. Of course 

maize can also be used as a food, or commercial raw material, in which cases the 

energy balance is not necessarily applicable. Despite the huge potential for maize 

cultivation for biofuels, this may not be viable environmentally when climate change 

is factored in. Nonetheless, in order to ensure a successful strategic move towards a 

low carbon future, and sustainable implementation of biofuel policies, this study 

provides valuable information for the Nigerian government and policy makers on 

potential AEZs to cultivate maize under climate change. However, the approach 

used in this paper can be applied to all crops, for energy, food or raw material, and 

the technique used here will inform the policy on choice of crop type. 

 

Abbreviations 
GCM – Global Climate Model 

RCP6.0 – Representative Concentration Pathway 6.0 

RCP8.5 – Representative Concentration Pathway 8.5 

CT – Conventional Tillage 

RT – Reduced Tillage 

NT – No Tillage 

NE – Net Energy 
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