_Cleaner
tion|

Accepted Manuscript

Markov Chain Model for Solar Farm Generation and Its Application to Generation
Performance Evaluation

Shuwei Miao, Guangtao Ning, Yingzhong Gu, Jiahao Yan, Botao Ma

Pll: S0959-6526(18)30844-8
DOI: 10.1016/j.jclepro.2018.03.173
Reference: JCLP 12431

To appear in: Journal of Cleaner Production
Received Date: 18 July 2017

Revised Date: 05 March 2018

Accepted Date: 18 March 2018

Please cite this article as: Shuwei Miao, Guangtao Ning, Yingzhong Gu, Jiahao Yan, Botao Ma,
Markov Chain Model for Solar Farm Generation and Its Application to Generation Performance
Evaluation, Journal of Cleaner Production (2018), doi: 10.1016/j.jclepro.2018.03.173

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.



W

O o0 9 N W

10
11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Markov Chain Model for Solar Farm Generation
and Its Application to Generation Performance

Evaluation

Shuwei Miao?® *, Guangtao Ning?, Yingzhong Gu®, Jiahao Yan¢, and Botao Ma®

2 Hainan Power Grid Co. Ltd., 32 Haifu Rd. Meilan, Haikou 570203, China
® GE Energy Consulting, Schenectady, NY 12345 USA
¢ State Key Laboratory of Power Transmission Equipment and System Security, Chongqing

University, Chongqing 400044, China

* Corresponding author. Tel.: +86 158 2337 5296; E-mail address: jabker@163.com

Abstract: Solar profile and component outage create considerable impact on solar
generation. This paper proposes a Markov chain model that incorporates both factors into
solar generation. This model considers the solar farm as a generating unit with multiple
generation states, where each state is characterized by generating photovoltaic arrays,
ambient temperature, and solar radiation. The probability, frequency, and transition rate
between generation states are obtained from collected solar profile samples and component
reliability parameters. Three generation performance indices that describe the solar
generation from the perspective of energy, time, and frequency are defined and estimated
from the proposed model. The accuracy and efficiency of the proposed model is verified by a
sequential Monte Carlo simulation approach using collected solar profile samples from six
distinctive sites in North Dakota, USA. Influence of component reliability parameters,
seasonal solar profile pattern, and photovoltaic module type on solar generation is

investigated in details.
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