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COVID-19 has hurt the world economy since its global spread. So various 

economic sectors, particularly the energy sector, have been impacted 

negatively. Statistical analysis has been used in numerous research to assess 

the effects and repercussions of COVID-19 on the energy sector. However, 

the influence of its interaction with other sectors, such as households and 

businesses, on the energy sector has not been studied. The DSGE model 

provides a framework for analyzing the effect of COVID-19 on the energy 

sector in dealing with households, businesses, government, and central bank 

policymakers. The energy sector is separated into two parts in this paper: 

renewable energy and fossil fuel energy. The impact of COVID-19 on 

consumption, production, investment in renewable energy, and investment 

in fossil fuels was then studied using the DSGE framework. The results 

indicated a decline in production and investment in these two sectors, as 

well as a rise in consumption. The results also indicate that the fossil fuel 

energy sector has had a greater decline in production, a greater increase in 

production costs, a greater loss in investment, and a greater increase in 

consumption than the renewable energy sector. 

 

Introduction 

The coronavirus known as “COVID-19” was reported in mid-December 2019 in the central 

Chinese city of Wuhan. Initially referred to as pneumonia, the Chinese national health authority 

formally announced the outbreak of the virus in China on December 30, 2019. The World 

Health Organization underlined at a conference on Wednesday, March 12, 2019, that the term 

pandemic should not be used carelessly due to its sensitivity, but that the organization’s 

evaluations identify and declare the coronavirus as global [1]. 

COVID-19 has several effects on the energy sector. As with any other disease, COVID-19 

has had no direct impact on the energy sector. However, it has an indirect impact. The energy 

sector faces issues such as supply chain delays, tax payments, and the possibility of not 

receiving government incentives [2]. COVID-19 has had diverse effects on energy consumption 

and production. Travel and transportation reduced energy demand. Additionally, COVID-19 

has decreased energy consumption in several economic sectors, including the commercial and 

industrial sectors. By contrast, with increased consumption in the residential sector, global 

energy consumption has decreased overall [2]. COVID-19 harmed employment and liquidity 

in the energy sector resulting in a decline in energy sector output [3-6]. However, COVID-19 

has varying effects on different subsectors of the energy sector. Increasing investments have 
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been made in renewable energy [7, 8]. If government incentives in the renewable energy sector 

are not aligned with clean energy goals, clean energy investment will drop [8]. During COVID-

19, wind energy production declined [9], therefore in some countries, facilities related to wind 

power plants were shut down, along with the fabrication of wind turbine blades, installation of 

wind turbines, and delivery of associated parts [10-16]. COVID- 19 has decreased the number 

of solar workers, slowed construction in the solar, supply chain, and equipment sectors, and 

diminished the number of customers. During COVID-19, the electricity demand has increased 

[17-23]. COVID-19 causes environmental waste to grow [13]. COVID-19 predominance 

reduces greenhouse gas emissions. Wind energy consumption has decreased [13, 23]. 

The literature review is divided into two groups. The first group consists of studies that 

employ statistical analysis to investigate the impact of COVID-19 on energy pricing, 

consumption, production, and policymaker actions in the energy sector, but do not model the 

consequences [2, 10, 15, 17]. The second group of articles examines renewable and fossil fuel 

energy in the framework of DSGE models, but their models do not investigate the impact of 

COVID-19 on these two energy sources [1, 4, 5, 6, 7, 24]. The literature research revealed that 

governments prefer to employ renewable energy, thereby delaying the environmental problems 

caused by the use of fossil fuels. It is necessary, therefore, to enhance access to renewable 

energy while minimizing environmental problems and health concerns as a means of job 

creation [1]. Some nations’ short-term responses to COVID-19 include free electricity, 

exemption/suspension of bill payments, and VAT exemptions on electricity bills [2]. 

Environmental policies based on the application of technology in the energy sector have greater 

dynamic effects than demand-side policies, such as tax and subsidy policies. Therefore, 

technological advancement can raise the energy sector produced more than demand-side 

measures [1, 5]. By paying taxes and earning revenue from the sale and export of energy, the 

energy sector influences the government sector. Likewise, government fiscal policies have an 

impact on the energy sector [16]. The energy sector influences household behavior via the 

impact of energy prices on the consumer price index and the household employment rate. In 

addition, the energy sector influences the enterprise’s behavior through energy production and 

consumption [4, 7, 9, 23]. Through monetary policy, the central bank can also control and 

mitigate the impact of energy shocks [16, 24]. 

In Iran, renewable energy is evaluated for use in electricity production due to the availability 

of fossil fuels and the desire to reduce pollution. Considering that energy statistics in Iran are 

classified into two categories, namely electricity and oil, gas, and petroleum products, 

renewable energy in this article refers to electricity. 

Based on Alege et al. [1], Eroglu [4], and Argentieri et al. [5], this article has analyzed the 

renewable and fossil fuel energy sectors in the DSGE model, as well as the influence of 

COVID-19 on the modeled energy sector in terms of the labor force channel. This article’s 

contributions are: The utility function for COVID-19 shock is the shock function. The impact 

of COVID-19 on non-energy, renewable energy, and fossil fuel energy is evaluated 

independently. Separate studies have been conducted on the effects of COVID-19 on the 

consumption of non-energy items, renewable energy, and fossil fuels, as well as the effects of 

COVID-19 on investment in all three sectors. This research involves multiple steps. This article 

began by describing the structure of the model. Then, a discussion of technique and stylized 

facts follows.  

Model Structure  

In this paper, a micro-founded DSGE model including energy sectors is constructed by the 

recent literature [1, 4]. 

Models have been designed with the following considerations in mind:  

- Developing utility function through labor COVID-19 shock. 



Journal of Chemical and Petroleum Engineering 2022, 56(2): 273- 286 275 

- Examining COVID-19’s impact on the capital of the non-energy, renewable energy, and 

fossil fuel energy sectors. 

- Consumption and labor force are divided into three categories: non-energy, renewable 

energy, and fossil fuel energy.  

Households 

According to Blazquez et al. [8] and Duncan [11], it is assumed that consumption and work 

together drive household utility. Blazquez et al. [8] and Duncan [11] assume household driving 

utility is derived from money, but we constructed these models assuming a combination of 

money and bond. In this paper such as Eroglu [4], labor is divided into three categories. Eroglu 

[4] divides labor into final, renewable, and fossil fuel energy, but this study has developed 

Eroglu [4], and the non-energy sector labor force has been substituted for the final labor force 

in the utility function. This research has developed Blazquez et al. [8], Duncan [11], and Eroglu 

[4] models by separating non-energy, renewable, and fossil fuel energy consumption. In 

addition, the COVID shock has been introduced to the utility function. The domestic utility 

function is:  

∑(𝛽ℎ)𝑠

∞

𝑠=0

𝐸𝑡[𝜎𝑐 ln 𝑐𝑡 − 𝑒𝑡
𝑐𝑜𝑣𝑖𝑑 𝜎𝑛ln 𝑁𝑡 + 𝜗𝑙𝑛𝑥𝑡] (1) 

Where 𝛽 is the inter-temporal discount factor, 𝑐𝑡 is total consumption, and 𝜎𝑐 is the inverse of 

inter-temporal substitution elasticity of consumption. 

 𝑁𝑡 is labor supply that: 

𝑁𝑡 = (𝑁𝑡
𝑛𝑜𝑛)𝜎𝑛𝑛𝑜𝑛(𝑁𝑡

𝑟𝑒)𝜎𝑛𝑟𝑒(𝑁𝑡
𝑓𝑓

)
𝜎𝑛𝑓𝑓

 (2) 

 𝑁𝑡
𝑛𝑜𝑛, is the supply of labor in the non-energy sector, 𝑁𝑡

𝑟𝑒, is the supply of labor in the 

renewable energy sector, and 𝑁𝑡
𝑓𝑓

 supply of labor in fossil fuel energy sector. 𝑥𝑡 is a 

combination of 𝑚𝑡 money, and bond 𝑏𝑡, 𝜎𝑛𝑛𝑜𝑛 is the share of non-energy labor in the labor 

force, 𝜎𝑛𝑟𝑒 is the share of renewable energy labor in the labor force, 𝜎𝑛𝑓𝑓 is the share of fossil 

fuel energy labor in the labor force that 𝜎𝑛𝑛𝑜𝑛 + 𝜎𝑛𝑟𝑒 + 𝜎𝑛𝑓𝑓 = 1. 𝑒𝑡𝑐𝑜𝑣𝑖𝑑 is the shock of the 

labor force to model the impact of COVID on the supply labor force. This shock has been 

modeled as an autoregressive process [24]: 

𝑒𝑡
𝑐𝑜𝑣𝑖𝑑 = 𝜌𝑐𝑜𝑣𝑖𝑑𝑒𝑡−1

𝑐𝑜𝑣𝑖𝑑 + 𝜀𝑡𝑐𝑜𝑣𝑖𝑑 

𝜌𝑐𝑜𝑣𝑖𝑑𝜖(0, −1) 

𝜀𝑡𝑐𝑜𝑣𝑖𝑑~(0, 𝜎𝜀𝑐𝑜𝑣𝑖𝑑
) 

(3) 

 𝜗 is the elasticity of 𝑥𝑡 and 𝑥𝑡 is:  

𝑥𝑡 = 𝑚𝑡
𝑣1𝑏𝑡

1−𝑣1 (4) 

𝑣1 is the shared parameter for the money-holding index. 

Households utilize non-energy, renewable, and fossil fuel products that are interchangeable, 

𝑐𝑡 is:  

𝑐𝑡 = 𝑐𝑡𝑛𝑜𝑛
𝑤𝑛𝑜𝑛𝑐𝑡𝑟𝑒

𝑤𝑟𝑒𝑐
𝑡𝑓𝑓

𝑤𝑓𝑓
 (5) 
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Where 𝑐𝑡𝑛𝑜𝑛 is non-energy consumption, 𝑐𝑡𝑟𝑒 is renewable energy consumption and 𝑐𝑡𝑓𝑓 is 

fossil fuel energy consumption. 𝑤𝑛𝑜𝑛, 𝑤𝑟𝑒 , 𝑤𝑓𝑓 are shares of non-energy, renewable, and fossil 

fuel energy goods in the consumption basket. That 𝑤𝑛𝑜𝑛 + 𝑤𝑟𝑒 + 𝑤𝑓𝑓 = 1. 

The implied price index is: 

𝑃𝑡 = 𝑤𝑛𝑜𝑛(𝑃𝑡
𝑛𝑜𝑛) + 𝑤𝑟𝑒(𝑃𝑡

𝑟𝑒) + 𝑤𝑓𝑓(𝑃𝑡
𝑓𝑓

) (6) 

The price of non-energy goods is 𝑃𝑡
𝑛𝑜𝑛, 𝑃𝑡

𝑟𝑒 is the price of renewable, and 𝑃𝑡
𝑓𝑓

 is the price of 

fossil fuel energy. 

The sectoral capital formation is: 

𝑘𝑡+1
𝑖 = (1 − 𝛿𝑖)𝑘𝑡

𝑖 + 𝑖𝑡
𝑖 (7) 

Where 𝑘𝑡
𝑖 is capital inventory in t with (i= non-energy, renewable energy, fossil fuel energy), 

and 𝛿𝑖 is capital depreciation in every sector. 

The representative household maximizes the utility function within the restrictions of its 

budget. The fiscal restriction is as follows: 

𝑚𝑡 + 𝑐𝑡
𝑛𝑜𝑛 + 𝑐𝑡

𝑟𝑒 + 𝑐𝑡
𝑓𝑓

+ 𝑏𝑡 + 𝑖𝑡
𝑟𝑒 + 𝑖𝑡

𝑓𝑓
+ 𝑖𝑡

𝑛𝑜𝑛

= 𝑤𝑡
𝑟𝑒𝑁𝑡

𝑟𝑒 + 𝑤𝑡
𝑓𝑓

𝑤𝑡
𝑓𝑓

+ 𝑤𝑡
𝑛𝑜𝑛𝑁𝑡

𝑛𝑜𝑛 + (1 + 𝑟𝑡
𝑏)

𝑏𝑡−1

𝜋𝑡
+ 𝑟𝑡

𝑘𝑟𝑒𝑘𝑡
𝑟𝑒

+ 𝑟𝑡
𝑘𝑓𝑓

𝑘𝑡
𝑓𝑓

+ 𝑟𝑡
𝑘𝑛𝑜𝑛𝑘𝑡

𝑛𝑜𝑛 +
𝑚𝑡−1

𝜋𝑡
+

𝜋𝑡
𝑓

𝜋𝑡
 

(8) 

Where 𝑏𝑡 is the bond, and 𝑟𝑡
𝑏 is the interest rate of the bond. 𝑟𝑡

𝑘 is payment to capital. 𝜋𝑡
𝑓
 is the 

profit of firms. 

Let’s obtain first-order conditions concerning 𝑐𝑡
𝑛𝑜𝑛, 𝑐𝑡

𝑟𝑒, 𝑐𝑡
𝑓𝑓

 𝑁𝑡
𝑟𝑒 , 𝑁𝑡

𝑛𝑜𝑛, 𝑁𝑡
𝑓𝑓

, 𝑘𝑡
𝑟𝑒, 𝑘𝑡

𝑓𝑓
 𝑘𝑡

𝑛𝑜𝑛, 
𝑏𝑡. 

Firms 

The production sector includes four types of businesses. There are one final good company 

and three intermediate goods companies that produce non-energy, renewable, and fossil fuel 

energy, respectively.  

Final Goods Firms 

The ultimate good producer purchases intermediate products indicated by j in sector i and 

produce the final good by using [7]. 

𝑌𝑡 = [∫ 𝑌𝑗𝑡
(

𝜃−1
𝜃

)
1

0

]

(
𝜃−1

𝜃
)

𝜃 > 1 (9) 

Where 𝑌𝑗𝑡 is intermediate good (j represents non-energy, renewable, and fossil fuel), 𝜃 is the 

constant elasticity of substitution between intermediate products. To maximize profit, 

producers of final items decide their purchases of intermediate goods based on varying pricing. 

The demand function for a differentiated product produced by any intermediate producer can 

be determined using Eq. 10: 
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𝑌𝑗𝑡
𝑖 = (

𝑃𝑗𝑡
𝑖

𝑃𝑡
)

−𝜃

𝑌𝑡 (10) 

The price of the final good is: 

𝑃𝑡 = (∫ (𝑃𝑗𝑡
𝑖 )

1−𝜃
1

0

𝑑𝑗)

1
1−𝜃

 (11) 

Intermediate Good Firms 

The non-energy producing firms combine capital 𝑘𝑡
𝑛𝑜𝑛, labor 𝑁𝑡

𝑛𝑜𝑛, renewable energy 𝑦𝑡
𝑟𝑒, 

and fossil fuel energy 𝑦𝑡
𝑓𝑓

 as input, subject to productivity shocks. 

𝑌𝑡 = 𝐴𝑡
𝑛𝑜𝑛(𝑁𝑡

𝑛𝑜𝑛)𝛼𝑦𝑛𝑜𝑛(𝑘𝑡
𝑛𝑜𝑛)𝛽𝑦𝑛𝑜𝑛(𝑦𝑡

𝑓𝑓
)

𝛾𝑦𝑛𝑜𝑛
(𝑦𝑡

𝑟𝑒)1−𝛼𝑦𝑛𝑜𝑛−𝛽𝑦𝑛𝑜𝑛−𝛾𝑦𝑛𝑜𝑛 (12) 

Where 𝛼𝑦𝑛𝑜𝑛𝜖 (0,1) is the share of the labor force in the non-energy sector production, 

𝛽𝑦𝑛𝑜𝑛𝜖 (0,1) is the share of capital, 𝛾𝑦𝑛𝑜𝑛𝜖(0,1) (1 − 𝛼𝑦𝑛𝑜𝑛 − 𝛽𝑦𝑛𝑜𝑛 −  𝛾𝑦𝑛𝑜𝑛)𝜖(0,1) is the 

share of energy. 𝐴𝑡
𝑛𝑜𝑛 is technology shock in non-energy. 

𝐴𝑡
𝑛𝑜𝑛 = 𝜌𝐴𝑛𝑜𝑛𝐴𝑡−1

𝑛𝑜𝑛 + 𝜀𝑡𝑎𝑛𝑜𝑛 

𝜌𝐴𝑛𝑜𝑛𝜖(0,1) 

𝜀𝑡𝑎𝑛𝑜𝑛~(0, 𝜎𝜀𝑡𝑎𝑛𝑜𝑛
) 

(13) 

The renewable energy producing firms combines capital 𝑘𝑡
𝑟𝑒 and labor 𝑁𝑡

𝑟𝑒subject to 

productivity shocks. 

𝑦𝑡
𝑟𝑒 = 𝐴𝑡

𝑟𝑒(𝑁𝑡
𝑟𝑒)1−𝛼𝑦𝑟𝑒(𝑘𝑡

𝑟𝑒)𝛼𝑦𝑟𝑒 (14) 

Where 𝛼𝑦𝑟𝑒𝜖(0,1) is the share of capital in renewable energy sector production. 𝐴𝑡
𝑟𝑒 is 

technology shock in renewable energy.  

𝐴𝑡
𝑟𝑒 = 𝜌𝐴𝑟𝑒𝐴𝑡

𝑟𝑒 + 𝜀𝑡𝑎𝑟𝑒 

𝜌𝐴𝑟𝑒𝜖(0,1) 

𝜀𝑡𝑎𝑟𝑒~(0, 𝜎𝜀𝑡𝑎𝑟𝑒
) 

(15) 

The fossil fuel energy-producing firms combine capital 𝑘𝑡
𝑓𝑓

 and labor 𝑁𝑡
𝑓𝑓

subject to 

productivity shocks. 

𝑦𝑡
𝑓𝑓

= 𝐴𝑡
𝑓𝑓

(𝑁𝑡
𝑓𝑓

)
1−𝛼𝑦𝑓𝑓

(𝑘𝑡
𝑓𝑓

)
𝛼𝑦𝑓𝑓

 (16) 

Where 𝛼𝑦𝑓𝑓 𝜖 (0,1) is the share of capital in fossil fuel energy. 𝐴𝑡
𝑓𝑓

 is technology shock in fossil 

fuel energy.  

𝐴𝑡
𝑓𝑓

= 𝜌𝐴𝑓𝑓𝐴𝑡
𝑓𝑓

+ 𝜀𝑡𝑎𝑓𝑓 

𝜌𝐴𝑓𝑓𝜖(0,1) 

𝜀𝑡𝑎𝑓𝑓~(0, 𝜎𝜀𝑡𝑎𝑓𝑓
) 

(17) 

Adjustment costs in non-energy are: 
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𝑃𝐴𝐶𝑡
𝑛𝑜𝑛 =

𝜑𝑓

2
(

𝑃𝑗𝑡

𝜋̅𝑃𝑗𝑡−1
− 1) 𝑌𝑡

2

 (18) 

𝜑𝑓 ≥ 0 is the adjusted cost. 𝜋̅ is the inflation rate in a steady state. Because pricing in the energy 

sector in Iran is assigned by the government, and firms have no role in pricing; therefore, energy 

firms do not have adjustment costs. So, 𝑃𝐴𝐶𝑡
𝑟𝑒 = 𝑃𝐴𝐶𝑡

𝑓𝑓
= 0. The marginal cost in non-energy 

firms is: 

𝑚𝑐𝑡
𝑛𝑜𝑛

=
𝑤𝑡

𝛼𝑦𝑛𝑜𝑛𝑟𝑡
𝑘𝛽𝑦𝑛𝑜𝑛𝑃𝑡

𝑓𝑓𝛾𝑦𝑛𝑜𝑛
𝑃𝑡

𝑟𝑒1−𝛼𝑦𝑛𝑜𝑛−𝛽𝑦𝑛𝑜𝑛−𝛾𝑦𝑛𝑜𝑛

𝛼𝑦𝑛𝑜𝑛

𝛼𝑦𝑛𝑜𝑛𝛽𝑦𝑛𝑜𝑛

𝛽𝑦𝑛𝑜𝑛𝛾𝑦𝑛𝑜𝑛

𝛾𝑦𝑛𝑜𝑛(1 − 𝛼𝑦𝑛𝑜𝑛 − 𝛽𝑦𝑛𝑜𝑛 − 𝛾𝑦𝑛𝑜𝑛)1−𝛼𝑦𝑛𝑜𝑛−𝛽𝑦𝑛𝑜𝑛−𝛾𝑦𝑛𝑜𝑛𝐴𝑡
𝑛𝑜𝑛

 
(19) 

The marginal cost in renewable energy firms is obtained as follows: 

𝑚𝑐𝑡
𝑟𝑒 =

𝑤𝑡
1−𝛼𝑦𝑟𝑒𝑟𝑡

𝑘𝛼𝑦𝑟𝑒

𝛼𝑦𝑟𝑒

𝛼𝑦𝑟𝑒(1 − 𝛼𝑦𝑟𝑒)1−𝛼𝑦𝑟𝑒𝐴𝑡
𝑟𝑒

 (20) 

Where assume 𝑃𝑡
𝑟𝑒 is: 

𝑃𝑡
𝑟𝑒 = (𝑚𝑐𝑡

𝑟𝑒)𝜔𝑚𝑐𝑟𝑒(𝑃𝑡−1
𝑟𝑒 )(1−𝜔𝑚𝑐𝑟𝑒) (21) 

Where 𝑚𝑐𝑡
𝑟𝑒 is the marginal cost of renewable energy firms, and 𝜔𝑚𝑐𝑟𝑒 is the weight of 𝑚𝑐𝑡

𝑟𝑒 

in 𝑃𝑡
𝑟𝑒. The marginal cost in non-renewable energy firms is calculated as follows: 

𝑚𝑐𝑡
𝑓𝑓

=
𝑤𝑡

1−𝛼𝑦𝑓𝑓𝑟𝑡
𝑘𝛼𝑦𝑓𝑓

𝛼
𝑦𝑓𝑓

𝛼𝑦𝑓𝑓(1 − 𝛼𝑦𝑓𝑓)1−𝛼𝑦𝑓𝑓𝐴𝑡
𝑓𝑓

 (22) 

𝑃𝑡
𝑓𝑓

is:  

𝑃𝑡
𝑓𝑓

= (𝑚𝑐𝑡
𝑓𝑓

)
𝜔𝑚𝑐𝑓𝑓

(𝑃𝑡−1
𝑟𝑒 )(1−𝜔𝑚𝑐𝑓𝑓) (23) 

Where 𝑚𝑐𝑡
𝑓𝑓

 is the marginal cost of fossil fuel energy firms, 𝜔𝑚𝑐𝑓𝑓 weight of 𝑚𝑐𝑡
𝑓𝑓

 in 𝑃𝑡
𝑓𝑓

, 

and 𝜔𝑝𝑓𝑓 is the weight of 𝑃𝑡−1
𝑓𝑓

 in 𝑃𝑡
𝑓𝑓

. Firms maximize profit: 

𝜋𝑡
𝑓𝑖

= 𝑃𝑡𝑌𝑡
𝑖 − 𝑚𝑐𝑡

𝑖𝑌𝑡
𝑖 − 𝑃𝐴𝐶𝑡

𝑖  (24) 

Then first-order conditions were obtained concerning, 𝑘𝑡
𝑛𝑜𝑛, 𝑘𝑡

𝑟𝑒, 𝑘𝑡
𝑓𝑓

 𝑁𝑡
𝑛𝑜𝑛, 𝑁𝑡

𝑟𝑒, 𝑁𝑡
𝑓𝑓

 and 𝑃𝑡, 

𝑃𝑡
𝑟𝑒, 𝑃𝑡

𝑓𝑓
.  

Central Bank, Government, and Oil Sector 

The Central Bank of Iran utilizes the determination of bond interest rates as a monetary 

policy instrument to limit the growth rate of money. In simulating the central bank’s activity, it 

is assumed that the monetary authority follows Taylor’s rule while establishing the bond interest 

rate: The bond’s rate of interest is: 

1 + 𝑟𝑡
𝑏 = (

1 + 𝑟𝑡−1
𝑏

1 + 𝑟𝑏̅
)

𝜌𝑟𝑟

(
1 + 𝜋𝑡

1 + 𝜋̅
)

𝜌𝜋𝑟

(
𝑦𝑡

𝑦̅
)

𝜌𝑦𝑟

(
1 + 𝑚̇𝑡

1 + 𝑚̅
)𝜌𝑚𝑟𝜀𝑡𝑟 (25) 
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𝜋𝑡 is the inflation rate, 𝜌𝑟𝑟 is the weight of bond interest rate, 𝜌𝜋𝑟 is the weight of inflation, 

𝜌𝑦𝑟 is the weight of output in bond interest rate policy, 𝜌𝑚𝑟 is the weight of monetary growth 

rate, and 𝜀𝑡𝑟 is the bond interest rate shock. 

𝑚̇𝑡 is the monetary growth rate, which is obtained as follows: 

𝑚̇𝑡 =
𝑚𝑡

𝑚𝑡−1
 (26) 

As Emma [12], it is assumed that the government is financed with tax 𝑡𝑡, oil revenue 𝑜𝑟𝑡, 

and other revenue 𝑥𝑡. Government expenditure is calculated as Eq. 27: 

𝑔𝑡 = 𝑡𝑡
𝛷𝑡

𝑔

𝑜𝑟𝑡
𝛷𝑜𝑟

𝑔

𝑏𝑡
𝛷𝐵

𝑔

𝑥𝑡
𝛷𝑥

𝑔

 (27) 

Where 𝛷𝑡
𝑔

 the weight of the tax is, 𝛷𝑜𝑟
𝑔

 is the weight of oil revenue, 𝛷𝐵
𝑔

 is the weight of the 

bond, and 𝛷𝑥
𝑔

is weight of other revenue. 𝛷𝑡
𝑔

+ 𝛷𝑜𝑟
𝑔

+ 𝛷𝐵
𝑔

+ 𝛷𝑥
𝑔

= 1. 

𝑏𝑡 = 𝜑𝑡
𝑏𝑦𝑡 (28) 

Tax is:  

𝑡𝑡 = 𝜑𝑡
𝑦

𝑦𝑡 (29) 

Where 𝜑𝑡
𝑦

 is the weight of output. 𝑥𝑡 is:  

𝑥𝑡 = 𝜑𝑥
𝑦

𝑦𝑡 (30) 

Which 𝜑𝑥
𝑦

is the coefficient of 𝑌𝑡. Oil revenue shock is: 

(31) 𝑂𝑅𝑡 = (𝑂𝑅𝑡−1)𝜌𝑜𝑟(𝑂𝑅̅̅ ̅̅ )1−𝜌𝑜𝑟𝜀𝑡,𝑜𝑟 

𝜀𝑡,𝑜𝑟 ∼ 𝑁(0, 𝜎𝑡,𝑜𝑟) 

That 𝑂𝑅̅̅ ̅̅  is oil revenue at a steady state. 

Market Clearing 

In equilibrium, the output must be clear. 

𝑦𝑡 = 𝑐𝑡
𝑛𝑜𝑛 + 𝑖𝑡

𝑛𝑜𝑛 + 𝑔𝑡 + 𝐴𝐶𝑡 (32) 

𝑦𝑡
𝑟𝑒 = 𝑐𝑡

𝑟𝑒 + 𝑖𝑡
𝑟𝑒 (33) 

𝑦𝑡
𝑓𝑓

= 𝑐𝑡
𝑓𝑓

+ 𝑖𝑡
𝑓𝑓

 (34) 

𝑁𝑡 = ∫ 𝑁𝑡𝑗
𝑖

1

0

𝑑𝑗 (35) 

and  

𝑘𝑡 = ∫ 𝑘𝑡𝑗
𝑖

1

0

𝑑𝑗 (36) 
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Methodology and Stylized Facts 

Using data from the central bank and the Statistical Center of Iran from 1981 to 2018, the 

Calibration and Bayesian approaches were used to estimate parameter values. 

Calibration, Priors, and Posterior Estimates 

This paper calibrates and estimates parameters such as those proposed by Tavakolian and 

Saram [31]. Table 1 depicts the parameters that were calibrated based on previous experimental 

studies or the researcher’s calculations, whereas Table 2 depicts the parameters that were 

estimated using the Bayesian method. 

Table 1. Calibrated parameters 

Parameter Value Calibrated from Description 

Household 

𝜷 0.96 Solving model Discount factor 

𝝈𝒄 0.93 [12] The elasticity of intertemporal substitution 

𝝑 0.58 [12] Relative preference for money holdings 

V1 0.22 [12] 
Share parameter in the index of money 

holdings 

Production 

𝜽 4.33 Mark-up 30% 
The elasticity of demand, intermediate 

goods 

𝝋𝒇 4.26 Atta-Mensa & Dib (2010) Adjusted cost parameter, prices 

Central bank 

𝝆𝒎𝒓 0.7 Author calculations 
The weights assigned to the growth of 

money in the bond interest rate 

𝝆𝒓𝒓 0.80 Author calculations 

The weights assigned to the bond interest 

rate of the previous period in the bond 

interest rate 

𝝆𝝅𝒓 0.89 Author calculations 
The weight assigned to inflation in bond 

interest rate 

𝝆𝒚𝒓 0.36 Author calculations 
The weight assigned to output in bond 

interest rate 

Government 

𝚽𝐁
𝐠
 0.1 [12] 

The weight assigned to bonds in 

government expenditure 

𝚽𝐭
𝐠
 0.25 [12] 

The weight assigned to tax in government 

expenditure 

𝚽𝐨𝐫
𝐠

 0.55 [12] 
The weight assigned to oil revenue in 

government expenditure 

𝚽𝐱
𝐠
 0.1 [12] 

The weight assigned to other revenue in 

government expenditure 

𝚽𝐲
𝐭  2.08 [12] The weight of output in tax 

𝚽𝐱
𝐲
 1.54 [12] 

The weight of other revenue in other 

revenue 

𝚽𝐛
𝐲
 0.1 [12] The weight of the bond in the bond 

Shocks 

𝝆𝒄𝒐𝒗𝒊𝒅𝒏𝒐𝒏 , 𝝈𝒄𝒐𝒗𝒊𝒅𝒏𝒐𝒏 0.30, 0.001 
Appropriate structure of the 

model 

Persistence/standard dev., COVID shock 

of non-energy labor 

𝝆𝒄𝒐𝒗𝒊𝒅𝒓𝒆 , 𝝈𝒄𝒐𝒗𝒊𝒅𝒓𝒆 0.30, 0.001 
Appropriate structure of the 

model 

Persistence/standard dev., COVID shock 

on renewable labor 
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𝝆𝒄𝒐𝒗𝒊𝒅𝒇𝒇, 𝝈𝒄𝒐𝒗𝒊𝒅𝒇𝒇 0.30, 0.001 
Appropriate structure of the 

model 

Persistence/standard dev., COVID shock 

on fossil fuel labor 

𝝆𝑨𝒏𝒐𝒏, 𝝈𝑨𝒏𝒐𝒏 0.40, 0.01 Author calculations 
Persistence/standard dev., productivity 

shock in non-energy 

𝝆𝑨𝒓𝒆, 𝝈𝒓𝒆𝒏 0.80, 0.010 [1] 
Persistence/standard dev., productivity 

shock in renewable energy 

𝝆𝑨𝒇𝒇, 𝝈𝒓𝒇𝒇 0.80, 0.01 [1] 
Persistence/standard dev., productivity 

shock in fossil fuel 

𝝆𝒐𝒓, 𝝈𝒐𝒓 0.36, 0.001 Author calculations Persistence/standard dev., oil revenue 

𝝆𝒊𝒓𝒆, 𝝈𝒊𝒓𝒆 0.80 [1] 
Persistence/standard dev., renewable 

investment 

𝝆𝒊𝒇𝒇, 𝝈𝒊𝒇𝒇 0.80 [1] 
Persistence/standard dev., fossil fuel 

investment 

 

Table 2 indicates prior and posterior Distributions. 

Table 2. Prior and posterior Distributions 

Parameter Description 
Prior distribution 

Calibrated from 

Posterior 

distribution Distribution 

Mean Deviation Mean Deviation 

Household  

σnnon 
Share of non-

energy labor 
0.63 0.01 

Author 

calculations 
1.4684 0.1 Beta 

σnre 

Share of 

renewable energy 

labor 

0.23 0.01 
Author 

calculations 
0.7156 0.01 Beta 

wre 

Share of 

renewable 

consumption 

0.3 0.01 
Author 

calculations 
0.2407 0.01 Beta 

wff 
Share of fossil fuel 

consumption 
0.3 0.01 

Author 

calculations 
0.2498 0.01 Beta 

Production  

δ
re

 

The depreciation 

rate of physical 

capital in 

renewable 

0.1205 0.01 [4] 0.1276 0.01 Beta 

δ
ff

 

The depreciation 

rate of physical 

capital in fossil 

fuel 

0.0838 0.01 [4] 0.1305 0.01 Beta 

δ
non

 

The depreciation 

rate of physical 

capital in non-

energy 

0.10 0.01 [4] 0.1608 0.01 Beta 

αyre 

Share of capital in 

output, renewable 

intermediate good 

0.60 0.01 [4] 0.6524 0.01 Beta 

αyff 

Share of capital in 

output, fossil fuel 

intermediate good 

0.65 0.01 [4] 0.6750 0.01 Beta 

αynon 

Share of capital in 

output, non-energy 

intermediate good 

0.63 0.01 [4] 0.6919 0.01 Beta 

βynon 
Share of capital in 

output, non-energy 

intermediate good 

0.28 0.01 
Author 

calculations 
0.2433 0.01 Beta 
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γynon 

Share of fossil fuel 

intermediate good 

in output, non-

energy 

intermediate good 

0.83 0.01 
Author 

calculations 
0.8872 0.01 Beta 

ωmcre 
Weight of mc in 

𝑃𝑡
𝑟𝑒 

0.50 0.01 

Appropriate 

structure of the 

model 

0.5268 0.01 Beta 

ωmcff 
Weight of mc in 

𝑃𝑡
𝑓𝑓

 
0.50 0.01 

Appropriate 

structure of the 

model 

0.5634 0.01 Beta 

 

Impulse Responses 

According to the subject of this article, the effect of COVID-19 shock is explored in this 

article. The author has access to the findings of the study on the consequences of technology 

shocks, oil revenues, and monetary policy shocks. Fig. 1 depicts the impact of a shock on the 

residential sector. The impact of COVID-19 on employment, investment, and production is 

negative. As illustrated in Fig. 1, the non-energy sector will experience a bigger decline in the 

labor force than the energy sector. This conclusion is acceptable given that the non-energy 

sector has a larger labor force than the energy sector. In addition, the decrease in the labor force 

in the fossil fuel energy sector is greater than in the renewable energy sector. 

Investment has fallen across all three sectors. Thus, the decline in investment in the non-

energy sector is greater than the decline in investment in the energy sector, and the decline in 

investment in the renewable energy sector is more than the decline in investment in the fossil 

fuel energy sector. However, consumption has increased in all three sectors, which is consistent 

with the economic reality of Iran. Thus, the rise in non-energy consumption exceeds the 

increase in energy consumption, and the increase in consumption of renewable energy exceeds 

the increase in consumption of fossil fuel energy. 

Non-energy labor force Renewable energy labor force Fossil fuel energy labor force 

   

Non-energy consumption Renewable energy 

consumption 

Fossil fuel consumption 

  
 

Non-energy investment Renewable energy investment Fossil fuel investment 
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Fig. 1. Labor force COVID shock and household 

The decline in production in the non-energy sector is greater than the decline in production 

in the other sectors, and the decline in production in the renewable energy sector is greater than 

the decline in production in the non-renewable energy sector. Also, production costs have 

increased due to COVID-19, so the increase in production costs in the non-energy sector is 

higher than in other sectors, and in the fossil fuel sector is higher than in the renewable energy 

sector. 

Total production Renewable production Fossil fuel production 

   

Marginal cost of non-energy Marginal cost of renewable 

energy 

Marginal cost of fossil 

fuel 

   

Fig. 2. Labor force COVID shock and production 

Government Expenditure Tax Money Growth 

   

Bond interest rate Other revenue Inflation 

   

Price of non-energy Price of renewable energy Price of fossil fuel energy 
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Fig. 3. Labor force COVID shock, government, central bank, and inflation 

Due to a decline in production, tax revenue also falls. Moreover, government spending has 

dropped. During COVID-19, the government must subsidize and support various economic 

sectors. But as a result of decreased revenues, the government reduced its expenditure. Due to 

the economic slump, other government incomes are also falling. In contrast, the price index 

rises across all sectors and in general. So, the non-energy sector will experience price increases 

than other sectors. Also, the renewable energy sector is experiencing greater price growth than 

the fossil fuel energy sector. To promote output, the central bank policymaker will reduce bank 

interest rates but will have to infuse liquidity into society. For this reason, the growth of money 

accelerates. Money growth on the one hand and production decline, on the other hand, will lead 

to higher prices, which will boost prices in the non-energy sector more than in other sectors and 

in the renewable energy sector more than in the fossil energy sector. 

Conclusion 

Since 2019, the COVID-19 epidemic has spread over the globe. COVID–19 has a negative 

influence on numerous economic sectors. The energy sector is one of these sectors. Different 

countries have diverse policies to promote the energy sector, such as lowering prices and 

providing subsidies. However, Iran does not have a dedicated program to help this sector and 

has increased energy prices. 

Due to the relevance of quantifying the influence of COVID-19 on the energy sector in this 

paper, the energy sector is modeled in the DSGE framework and COVID-19 has been added. 

The contribution made by this paper is:  

- The renewable and fossil fuel energy sectors are modeled using DSGE models;  

- In addition, the effect of COVID-19 on the energy sector via the labor force channel is 

modeled;  

- The COVID-19 shock is in the utility function;  

- Non-energy, renewable energy, and fossil fuel energy workforce are analyzed 

separately, as is the impact of COVID-19 on each;  

- Consumption is classified into three categories: non-energy goods, renewable energy, 

and fossil fuels; the effect of COVID-19 has been evaluated independently for each 

category;  

- The impact of COVID-19 on investment in each of the three sectors is explored. 

According to the economic literature, the outbreak of COVID-19 creates supply and demand 

shocks, just like any other epidemic. On the supply side, the decline in this sector’s investments 

and labor force has diminished the available resources. On the demand side, certain sectors 

have reduced their energy consumption while others have raised theirs. As demand for fossil 

fuels fell, renewable energy consumption soared. The results of this study support the 

theoretical literature. The study’s findings indicate that COVID-19 has hurt production, 

investment, tax income, and other government revenues. COVID-19 also raises marginal 

production costs, prices, and consumption in all three sectors. The decline in production, the 
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increase in the marginal cost of production, and the increase in prices in the non-energy sector 

are greater than in other sectors, as is the increase in non-energy sector consumption. 

These findings are comparable to those of Zhong et al. [33], SeIa [29], and Eroğlu [13]. 

These three articles also studied the influence of COVID-19 emissions on the energy sector and 

found that the spread of the disease could lower energy production by harming energy sector 

investment and employment. And the demand for fossil fuels has fallen, while the demand for 

renewable energy has soared, particularly for electricity and water. 

Finally, it is advised that Iranian economic policymakers examine pricing more closely. 

Since the government sets the price of energy, there exists a program to cut prices. As 

diminishing investment in the energy sector boosts future prices, the government should 

consider bolstering investment in this area and enhancing the energy sector’s infrastructure. 
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