Economic Impact of PTG In
Integrated Electricity-Gas System
with High Wind Penetration

Authors: Xiaoyan Yu, Sheng Wang, Guorong Zhu, Yi Ding

Zhejiang University


演示者
演示文稿备注
Good afternoon, professors and friends. My name is xxx from Zhejiang University. I am honored to present my recent research, Economic Impact of PTG in Integrated Electricity-Gas System with High Wind Penetration, on the behalves of represent my co-authers, Xiaoyan Yu, Sheng Wang, Guorong Zhu, Yi Ding
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My presentation is organized as  4 parts, 


1 Background

Generation from gas
Power to gas technology
Consuming surplus wind using PTG
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electricity and natural gas are strongly coupled due to the widely used gas-fired units (GFUs). Until 2016, the generation from natural gas reaches to 188.1  in China, with year-on-year growth of 12.7% [4]. Therefore, the joint modeling and cooperation strategy of integrated electricity and gas system (IEGS) has become a rising research focus.


Consuming surplus wind using PTG

Electric Grid

2021/4/1

INDUSTRY and
MOBILITY

I
| Electrolysis H | = >D >
I - i|:|/ |
| I
q--——--——--- | | CH,4
| | l( Methanation )HD——'
Fuel cell |
| | | |
L ———— ==t ___l_____ !
( Wind and PV h i
L ) co, Biogas Biomethane
- upgrading
Other RES )
N
NG Power NG i
Plants
o SMR — )
g NG
@
L
NG r

Zhejiang University

Natural gas network

electrolysis 2H,0—*¥ 52H,0+0,

methanation CO,+4H, - CH, +2H,0

4

G =g¢Pel™ | HHV
HHV =1.026 MBtu / kcf ¢ =3.4MBtu/ MWh


演示者
演示文稿备注
Power to gas (PTG) is a recently developed device to transfer the raw material, such as water,CO,CO2, intoCH4. This technique contains two sub-process, water electrolysis and methanation, where electricity consumption is urgently required [5]. The produced gas is compatible with the existing gas distribution system, and can be injected to gas consumption or storage facilities for further use [6]. Technical and economic assessments, as well as the practical demonstration projects, have been conducted in several countries like Italy and German [7], [8].


2 Multi-state wind generation
model

Modeling multi-state wind generation
Sampling wind generation sequence
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Modeling multi-state wind generation
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The wind speed is usually modeled as a time-varying value in other papers, as the wind generation simulated in time-domain. However, it can only simulate as a typical period, and the fluctuation of wind is not technically considered, for the statistic parameters, such as the expectation value and risk is not reflected during the simulation. In this paper, we modeled wind speed as a multi-state probability transition model based on Markov chain.
step1 and step2, the probability distribution of wind speed has been discretized and divided into multiple states.
Step3, The power output of a wind farm is determined by the number of wind turbines and the generation of each wind turbine. The velocity of wind has coloration in location, which in this paper, is regarded the same for each wind turbine in the same wind farm. The generation of each wind turbine is a piece-wise function of wind velocity


Sampling wind generation sequence

The duration of state k can
be calculated with following
formulation
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Merge the
generation of
wind turbines

The loop will continue
until the preset
simulation period is
reached. Above those,
we consider at
maximum 5th-ordered
failure.
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The time-sequential Monte Carlo simulation was performed according to the probability transaction model. Suppose in the initial state, wind speed is at Vr , and all wind turbines were operating at the rate power. The duration of state  k  can be calculated with following formulation
the probability of entering each state can be calculated as:
The loop will continue until the preset simulation period is reached. Above those, we consider at maximum 5th-ordered failure.




3 Optimization formulation of
IEGS and proposed Indices

Gas system equations
Joint optimization formulation

Proposed indices
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(Gas system eqguations

* The natural gas at each bus will follow N
the mass conservation
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Structure of gas system

 Gas-fired unit
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Topologically, Natural gas transmission system consists of buses and branches, where physically a bus can represent a gas well, a gas consumer aggregation or gas tank. Branches represent the gas pipelines or compressors. The natural gas at each bus will follow the mass conservation:
The gas flow   can be calculated with:
This is called as Weymouth power flow equation. It is suitable for gas transmission system, where the diameters of pipelines are relatively large and pressures are high. 
Kij is a constant value to characterize the gas pipeline, which usually takes experience value from this equation
Gas-fired unit is one of the important joint between the electricity system and gas system. The power output and the natural gas supply is formulated as:
And PTG is similar, Where  is the efficiency of PTG, which is usually considered as 0.55~0.75. 


Joint optimization formulation
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In IEGS containing PTGs and GFUs, the goal of optimization is to minimize the comprehensive operation cost of IEGS.
The constrains of electricity system, including active power and reactive power limitations of non-gas consuming generators and GFUs limitations of electricity branches  are listed as follows
In the gas system, the constrains are similar, including natural gas sources upper and lower bounds (18), limitation of gas pipelines (19), limitations of PTGs 


Proposed ndices
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Beside the objective function in the optimization model, other indices are required to evaluate the operating condition of IEGS comprehensively. The goals of investment on PTG facilities are, (a) contribute to the consumption of surplus wind energy; (b) improve efficiency, reduce operation cost for market participants or Independent System Operator (ISO); (c) interact to achieve better resilience and robustness.
Based on the time-sequential Monte Carlo simulation,    E(X) means the expectation value of index X  . It can be calculated as
Wind consumption rate measures the portion that wind energy has been consumed.
Gas supplied by PTGs rate measures the portion of gas that transferred from PTGs.
Energy exchange rate quantity the relocation of electricity generation and natural gas in system point of view


4 Case study

Brief on test system
Time-varying indices
Statistical indices
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Brief on test system
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The IEGS test case is composed by a modified IEEE 9-bus power system case and a 7-bus gas transmission system, and the two systems are coupled by two PTG facilities and one gas fired unit, located in electricity bus 7, bus 9, and bus 1, respectively. In electricity system, we replaced 270 MW generator at bus 3 with a wind farm containing 135 2 MW wind turbines. The penetration rate of wind capacity is 32.93%. Moreover, the GFU at bus 1 takes the place of the traditional generator with the same capacity. In gas system, the production of PTGs was injected and sold into gas bus 5 and 7, for 0.085 and 0.062  . The structure of IEGS is presented in Fig. 2, and the solid lines and dash lines represent electricity branches and natural gas pipelines, respectively.



Time-varying indices
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The electricity consumption of PTGs and generation of GFUs shows strong correlation with wind energy and
load level.

wind shortage comes with an increase of operation cost. However, the revenue of gas selling to the gas
system makes certain compensation.

The energy exchange rate can be utilized to estimate the activity level of energy exchange devices.
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In scenario 1, the capacities of two PTG facilities are 50MW, respectively. The simulation period is 144 hours. The electricity profile of test case is presented in Fig. 1 for illustration. 
As shown in the Fig. 1, the typical load was normalized based on the load curve of non-industrial users in weekdays, collected from EMS (energy management system) in a province of China.  As the green area shows, the generation of wind turbines is extremely fluctuated, ranging from its maximum power output to zero. The GFU power output changes accordingly. When wind energy is high, GFU will operating at its minimum output state. Otherwise, it will provide the spinning reserve to balance the difference between energy supply and load. The electricity consumption of PTGs shows strong correlation with wind energy and load level. For instance, from 20 h to 50 h, the electricity consumption of PTGs are all relatively high, as the convert more electricity energy in to natural gas. However, when the load increase in about 33 h, the red line goes down a little.
Obviously, the operation cost varies over time, as the curves behave in Fig. 2. Generally, in circumstances with high wind penetration, wind shortage comes with an increase of operation cost. However, the revenue of gas selling to the gas system makes certain compensation. Despite such mechanism cutting down the operating cost, worse polarization still occurs over time.
The generalized energy supply and demand will balance in different form all the time, as shown in Fig. 3. In 50 h, the wind energy is abundant. However, the load is at its minimum, therefore, the wind consumption rate was not so ideal. That accounts for the E2G (electricity to gas) rate reaches its maximum value. While in 20 h, the wind energy is barren that G2E rate reached maximum value. The energy exchange rate can be utilized to estimate the activity level of energy exchange devices.


Statistical indices
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under the same natural condition, investment on PTG facilities can
remarkably reduce the operation cost, by 32.25%. On the other hand,
it also increases the energy exchange rate by 3.52%, which will
iImprove the system resilience when energy supply shortage or
component fault occurs.

Indices With two Without PTG
50MW PTGs
Wind 1386 138.9
generation
Electricity
consumption 51.26 0
of PTGs
GFU. 27.38 49.62
generation
Operation 1502 2217
cost
Revenue of
PTGs 277.3 0
Generation 1780 9917
cost
Wind
consumption 45.60% 45.49%
rate
E2G rate 6.99% 0
G2E rate 18.63% 22.10%
Energy 25.62% 22.10%
exchange rate
Variance of
nodal gas 0.0395 0.0415
pressure

comparison between scenarios
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As the optimization proceed as wind fluctuated, the nodal pressures of gas system vary in a certain range as presented in Fig. 1. It has been validated that all the nodal pressures are in the security range with acceptable deviation. Gas bus 7 is set as slack bus that its gas pressure is maintained one p.u. forcibly.
Fig. 2 was drawn based on the simulations with different PTGs capacity, at five MW step size. presented that with the growing capacity of PTGs, the operation cost will decrease along with the growing of energy exchange rate and PTG usage, under the assumption that nor has the investment, operation and maintenance cost been considered. 
We use the variance index to estimate the convergence of expectation index. Scenario 2 was set as control group with no PTG facility. After simulation repeated for 2000 times, the indices converge with ideal deviation. For the record, the wind generation cost is set as zero manually, for it will be consumed preferentially.
As reflected by simulation results, under the same natural condition, investment on PTG facilities can remarkably reduce the operation cost, by 32.25%. On the other hand, it also increases the energy exchange rate by 3.52%, which will improve the system resilience when energy supply shortage or component fault occurs.  Moreover, the nodal pressures are slightly stabilized, which is beneficial for gas system.
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