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Introduction  

Background of the study 
Thailand is experiencing an accelerated uptake of variable renewable energy (VRE1), in particular 
solar PV, due to technology improvement, rapid cost reductions and policy support. With the 
increase of VRE, both utility scale and distributed installations, there are growing concerns over 
the impact of such technologies on the power sector in both the short and long term. While 
additional VRE deployment can support achieving policy objectives such as increased energy 
security, reduced environmental impacts and in some cases a more cost-effective energy supply, 
it can also bring challenges. Depending on the amount of deployed capacity and the flexibility of 
the power system, systems may face new operational challenges associated with additional 
variability and uncertainty from VRE generation. This raises the importance of planning and 
operation practices as well as policy and regulatory mechanisms that take into account VRE and 
manage their integration into the grid and power system. In addition, in the current context of 
Thailand, the growth of VRE – in particular a possible rapid increase of distributed capacities - are 
raising questions on existing business models of electricity sector stakeholders for both state-
owned enterprises and privately owned power producers. 

The ongoing trends of VRE growth are reflected in ongoing planning processes in Thailand. In its 
most recent planning cycle – conducted in 2015 - the government had set a target in the Power 
Development Plan (PDP) and Alternative Energy Development Plan (AEDP) 2015 to increase 
variable renewable capacity, particularly solar PV and wind, to almost 10 GW by 2036. This is an 
increase of approximately 7 GW compared to 2016 capacity levels. Thailand recently launched a 
new planning cycle, the PDP is under revision and VRE capacity targets are expected to be revised 
upwards compared to PDP 2015. At the time of writing, there is still a degree of uncertainty 
regarding the new capacity mix and the VRE target. A revised PDP is expected to be released in 
the first half of 2018. 

The Ministry of Energy (MOEN) has officially requested the International Energy Agency (IEA) to 
provide support on the study of the impact of VRE and mitigation strategies under the project 
“Thailand grid renewable integration assessment” in July 2017. The project is supported by the 
Electricity Generating Authority of Thailand (EGAT) in order to assist other government agencies 
in the energy sector including the Energy Policy and Planning Office (EPPO), Department of 
Alternative Energy Development and Energy Efficiency (DEDE), Metropolitan Electricity Authority 
(MEA), the Provincial Electricity Authority (PEA), and the Energy Regulatory Commission (ERC). 

Objectives and scope of the project  
The general objectives of the project are: 

• Support the reliable and cost-effective uptake of renewable generation in Thailand by 
identifying barriers to renewable deployment and integration challenges as well as proposing 
possible options in addressing these challenges;  

                                                                                 

1 VRE includes all variable renewable generation technologies: wind, solar photovoltaics. Concentrating solar power without 
thermal storage and run-of river hydro. Wind and solar PV are the most commonly deployed today and share a number of 
similarities. Therefore, VRE refers to wind and solar PV in this report unless stated otherwise. 
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• Provide support by sharing international and regional best practice in integrating renewables 
by drawing upon the IEA’s network of international experts; 

• Conduct quantitative and qualitative analysis on the impact and value of renewables in the 
power system; 

• Facilitate national and international dialogue through capacity building workshops and 
trainings. 

Scope of work and key government stakeholders 
The scope of work can be categorised into three main streams:  

• Work stream 1: Power Development Plan (PDP),  
• Work stream 2: Distributed energy resources (DER) and  
• Work stream 3: Grid integration.  
Main government project partner agencies in these areas are EPPO, DEDE and EGAT respectively. 
These organisations have been the main official contact points for the respective work stream. 

Work stream 1: Power Development Plan (PDP) 
According to the original project scope, this work stream was defined to provide a qualitative 
assessment of the methodologies currently employed for power system planning in Thailand and 
to provide examples of international best practice relevant for the further development of 
planning processes. Results of this qualitative assessment were presented during the November 
interim meeting and also included in this report. 

Following discussions with EPPO and EGAT in November 2017 and especially during January 
2018, the IEA agreed to expand the scope under this work stream. In order to inform the ongoing 
planning processes, a simplified approximation of the capacity credit of wind and solar as well as 
an estimate of VRE system costs were also conducted.  

It is worth noting that the system cost assessment would be ideally carried out by comparing 
total system costs between different scenarios for 2036 (IEA Task25 Summary Report). However, 
because revised 2036 generation scenarios are not available at this time. Moreover, it is outside 
the scope of the project for the IEA to recommend a set of future generation mixes – including 
assumptions on future buildout of non-VRE capacities.  

To address this issue, the analysis in this report is based in principle on the 2015 PDP. The share 
of wind and solar capacity was increased compared to the 2015 plan in order to study 
operational impacts of higher shares of VRE. However, because the PDP 2015 generation mix is 
optimised for a lower level of wind and solar capacity, it is not a valid basis for studying additional 
system integration effects, especially effects related to reduced utilisation of conventional plants. 
Therefore, the IEA has adapted system cost calculation frameworks to provide an approximate 
estimate. It should be pointed out that a comparison of total system costs for different scenarios 
remains a preferred way of analysis. The path presented in this report was chosen to provide 
useful analysis for the ongoing revision of the PDP before full revised scenarios are available. 

Work stream 2: Distributed Energy Resources (DER) 
Work stream 2 provides deeper insights into the potential for distributed solar PV in Thailand, 
including an estimate of the maximum technical potential via an analysis of total available 
rooftop area using satellite data. It further provides a cost-benefit assessment for EGAT, PEA, 
MEA and ratepayers, using different future scenarios for distributed solar PV. Furthermore, this 
work stream also looks at tariff options relevant for DER. 
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This work stream aims to inform planning processes for the uptake of distributed energy 
resources as well as provide recommendations for tariff and institutional reform.  

Work stream 3: Grid Integration 
For work stream 3 a detailed simulation of power system operation was conducted, focussed on 
2036 as the target year of the PDP as well as 2016 for model validation. The model, implemented 
in PLEXOS, models the operation of every large generating unit (sub power plant level) of the 
power system in Thailand as well as smaller power plants at 30 minute intervals for a full year. 
Wind and solar profiles are based on high-resolution modelling analysis, obtained from a 
commercial provider (Vaisala).  

The modelling analysis includes innovative options for system balancing. Recommendations on 
relevant operational changes as well as options to increase system flexibility are made.   

Stakeholder meeting, workshop and training 
A number of activities have already been held in Thailand including joint stakeholder meetings, 
workshop and training as set out in the objectives of the project which include the followings:  

• Project kick-off meeting on 4th August 2017: The main purpose of the meeting was to 
introduce the project including the scope, project components, methodology and expected 
deliverables. This includes planned activities and meetings. 

• Seminar and Trainings on 28th – 30th August 2017: A seminar was held on 28th August and 
the In-depth technical training was held on 29th – 30th August 2017. These were held to build 
knowledge on renewable energy, recent trends of emerging technologies and practices to 
government stakeholders and utilities on integrating VRE into the power sector. These cover 
policy, regulatory and market frameworks, operation and planning practices.  

• Interim meeting on 2nd November 2017: The purpose of the meeting was to feed initial 
analysis into the process of revising the PDP. The meeting provided an opportunity for 
stakeholders in the PDP process to advance the discussion on the revision process. The 
meeting was added as a project deliverable upon request by counterparts in Thailand. 

• Preliminary result meeting on 18th January 2018: The preliminary results meeting was held 
to provide an opportunity to update stakeholders on project progress. This includes power 
system modelling carried out by the IEA and the analysis of distributed solar PV. The 
preliminary results based on scope of work were proposed and discussed.  

In addition a number of bilateral meetings about the project were held with different 
government officials in both Bangkok and Paris, particularly the meeting with the Former 
Minister of Energy, Gen. Anantaporn Kanjanara, in Paris during the IEA Ministerial Meeting on 
7th November 2017. Moreover, the IEA was also invited by EPPO to attend and present the 
project for the disclosure for better understanding of media member on 20th January 2018. 

Role and structure of this report 
This document outlines objectives, scope, methodological approach and advanced preliminary 
results of the project. It also provides a collection of the preliminary findings of the project. It 
serves  as a basis for further discussion and refinement of the overall messaging. 

Section 2 provides an overview of the analytical approach and general methodology for each 
work stream. Sections 3-5 present main findings of the three project work streams. The report 
closes with an indication of next steps. 
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Analytical approach and general methodology 
This section provides an overview of the methodological approach for the analysis in each work 
stream. For work stream 1 the main focus is on the methodology used for calculating capacity 
credit and system costs. For work stream 2 this section provides details on how rooftop surface 
was measured and what assumptions underpin the cost benefit analysis (CBA). For work stream 
3, basic scenario assumptions and details of the model are shown. Note that work streams have 
cross links. For example, the estimate of system costs in work stream 1 builds on detailed 
modelling from work stream 3. The final part of this section provides a general overview of data 
sources used in the analysis and common assumptions on fuel and technology costs. 

Work stream 1: Power Development Plan (PDP) 
In this work stream, the current approach in developing Thailand’s PDP and AEDP and the 
planning exercise in Thailand are assessed. The analysis is based on the comparison between the 
previous PDPs with the actual situation. The main aspects include the electricity consumption, 
the peak demand and reserve margins. In addition, capacity credit and system costs are also 
analysed in detail. Examples of planning practices in other countries including Mexico, South 
Africa and France are also provided. 

Capacity credit estimation for wind and solar 
The capacity credit of a power plant can be defined as the additional load increment (generally 
added for each hour of the year) that can be served following the addition of a generation 
technology to the system, while maintaining the same level of reliability (Keane et al. 2011). 
Capacity credit is generally expressed as a fraction of the nominal power plant capacity, but a 
more important value is the ratio between the capacity credit and the capacity factor. In general, 
the capacity credit for dispatchable plants is of the same order of magnitude or higher than their 
load factor: their planned outages are scheduled during periods of low electricity demand, while 
they are supposed to be available during high demand periods. 

Although outside the original scope of the project, it became increasingly clear that the capacity 
credit, especially of solar PV, is highly relevant for grid integration of renewables in Thailand 
currently. Consequently, the IEA conducted a simplified estimation of VRE capacity credit in 
Thailand. This method is an elaboration of the method used for the IEA World Energy Outlook2. 

The capacity credit of wind and solar PV depends on their penetration and can also vary 
depending on the mix between wind and solar. In order to account for these effects, around 
20 000 combinations of different levels of VRE penetration (measured as percent of electricity 
demand, not accounting for any curtailment, from 0% to 50% in 0.5% increments) and shares of 
solar PV (going from using only wind power, so 0% solar PV, to using only solar PV, i.e.100% also 
in 0.5% increments) were considered. For each combination of VRE share and solar PV share, net-
load was calculated for the 2036 load curve used in the production cost modelling. For each of 
the calculated net load time series, the 2% of time periods with the highest net load were 
selected. For these hours, the average VRE capacity factor as well as the 80th percentile was 
calculated. This number is then used as an estimate for the capacity credit of that particular mix 
of wind and solar PV at the given penetration rate.  

                                                                                 

2 See section 4.1.3 in the methodology documentation available on: 
http://www.iea.org/media/weowebsite/2017/WEM_Documentation_WEO2017.pdf 
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Note that this methodology yields the marginal capacity credit; i.e. the capacity credit of the next 
unit of VRE energy at the given penetration and mix of wind and solar PV. For example, if the 
calculated capacity credit is 15% for a particular share of wind and solar, it means that the last 
MW of wind plus solar built at that share is generating 150 kW or more during the highest net 
load periods. It thus provides information about the value of additional VRE generation at that 
penetration rate. 

It is equally relevant to investigate the overall capacity contribution. This indicates how much 
firm capacity wind and solar PV are contributing at a certain penetration level and mix between 
wind and solar PV. This value is calculated by comparing the 2% maximum load hours with the 2% 
maximum net load hours. The difference between both are then used as an estimate of the 
overall capacity credit of wind and solar PV.  

It should be noted that this methodology does not provide a precise estimate of capacity credit. 
However, it does provide an estimation of the approximate contribution that VRE can make to 
resource adequacy that can be used for an estimation of overall system costs.  

The results of the assessment are presented in the PDP result section. 

System cost and system value 
Adding VRE will trigger two different groups of economic effects in the power system: 

• An increase in some costs. This includes the cost of VRE deployment itself (LCOE) and costs 
for additional grid infrastructure or an increased cost for providing balancing services. This 
group can be termed additional costs. 

• A reduction in other costs. Depending on circumstances, this includes reduced fuel costs, 
reduced carbon dioxide and other pollutant emissions costs, reduced need for other 
generation capacity and reduced need for grid and reduced losses. This group can be termed 
benefits or avoided costs. 

There are two ways these impacts can be expressed. The system cost approach compares the 
effect of adding a VRE plant to the system with the alternative option of adding a reference 
generation technology. If the effect of VRE on the rest of the power system is less favourable 
than that of the comparison reference, this will be expressed as a system cost. The system cost 
approach aims at comparing different generation technologies amongst each other. Looking at 
system costs for only VRE does not provide useful information – it is only relevant when 
compared with an alternative technology. System costs answer the question: Is it better to build 
this technology or the other? They do not provide any information, if it is efficient to construct 
new power plants in the first place. 

System cost methodologies have a number of shortcomings (IEA, 2014). There is a risk of double-
counting effects, the choice of reference technology is not straightforward, and the methodology 
is limited to comparing generation options.  

The system value approach analyses the effect of adding VRE capacity (or any other system asset, 
for example electricity storage) to the system compared to an alternative scenario. This 
alternative could be not adding anything to the system or some other set of investments. Net 
benefits (system value) are assessed as the difference between the total costs of the reference 
scenario (without VRE) and the scenario with the introduction of VRE. The calculated system 
value can then be directly compared to the LCOE. If the system value is higher than the LCOE, 
adding VRE will help reduce total system cost. System value thus answers the question: If I build 
VRE, will total system costs increase or not? 
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System cost methodology used for this report 

Limitations of LCOE 
Generation cost for various technology options is most commonly expressed LCOE, representing 
the average lifetime cost for providing a unit of output (MWh). 

However, LCOE itself as a measure is blind to the when, where and how of power generation. The 
when refers to the temporal profile of power generation, the where refers to the location of the 
power plant, and the how refers to the technical characteristics of the equipment used. A second 
weakness of LCOE is that it measures economic cost for a particular generation technology in 
isolation, at the plant level. Thus it does not account for the interactions between that power 
plant and the rest of the electrical system. 

Accounting for system integration effects 
VRE technologies have specific characteristics that affect their contribution to power system 
operation and investment (IEA, 2014). Regarding the when, where and how of power generation, 
three properties are particularly relevant: 

• Variability: available power output fluctuates with availability of resource (wind or sun) 
• Location-constrained: resource quality differs by location and primary resource cannot be 

transported 
• Uncertainty: the exact availability profile of resource can only be predicted with high 

accuracy in the short-term 
These properties affect the interaction of VRE power generation with the electrical system and - 
depending on the exact system context, especially the flexibility of the power system and the 
share of VRE – can increase total power system costs.  The main integration effects can be broken 
down into three categories, in line with the VRE properties causing them (Ueckerdt, 2013): 

• Profile effects: associated with the variable power generation profile of VRE, which captures 
utilisation effects on the system and effects related to resource adequacy 

• Grid effect: associated with the location-constrained power generation of VRE 
• Balancing cost: associated with the uncertainty of VRE power generation and required system 

balancing requirements to accommodate for short-term variations 
System integration effects and associated costs are not specific to VRE. All technologies have an 
impact on other parts of the power system, both positive and negative; VRE are no exception. 
Hence, in order to assign a cost to any of the above effects, additional assumptions have to be 
made. In a nutshell, these refer to how to allocate different cost effects while assuring that there 
is no double counting or attribution of costs in a way that does not reflect causality (NREL, 2011).  

These assumptions can be avoided, when consistent and finalised scenarios for power system 
expansion are available. Then, total system costs across the different scenarios can be compared 
and an aggregate assessment of the net impact of VRE can be made. This approach is known as 
system value of VRE (IEA, 2016). Due to the lack of consistent and finalised power system 
expansion scenarios, this approach in its traditional form is not feasible for this report. 

Therefore, a calculation of system costs in line with the three above components has been 
conducted. This is complemented with a simplified system value analysis based on comparing the 
given VRE deployment scenarios with pure CCGT or coal deployment scenarios. 
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System LCOE and reference technology 
One possible way to express system costs is the System LCOE approach (Ueckert 2013). The first 
step is establishing a reference technology to which all other technologies are compared. The 
exact choice of reference technology depends on the details of the analysis and there is no 
scientific consensus on what technology to use.  

For this report, a reference technology of a combined cycle gas plant with a capacity factor of 
80%, and grid connection costs of 0 THB/kW is used as a reference. All system costs expressed in 
this report are valid only relative to this reference. The choice of reference technology will 
affect system costs. This property reflects the fact that system costs are not a direct cost in an 
accounting sense. They reflect the opportunity cost of building a given technology rather than 
the reference. Combining the LCOE of a technology with the system costs provides an estimate of 
System LCOE. 

Profile effects 
The economic impact of the variability in output is captured by profile costs (Hirth, 2015 and 
Ueckerdt, 2013). Profile costs include all effects related to the temporal pattern of VRE 
generation, assuming that output is fully predictable. 

Depending on its penetration rate and correlation with load as well as the presence of innovative 
balancing technologies (demand response, storage) VRE cannot fully substitute dispatchable 
generation capacity. This means that other power plants will need to cover during times when 
wind and solar PV are not available. In turn, there can be periods of abundant VRE supply but 
relatively low load. This means that other plants will remain idle during these periods. The 
aggregate impact of this is that the dispatchable generation capacity will be used less on average, 
while the overall requirement for dispatchable capacity will remain low.  

A first way to reduce profile costs is to deploy a mix of dispatchable technologies, which are 
better suited to this part-time utilisation pattern. A next step is to optimise the mix of wind and 
solar to make sure that at least some VRE generation will always be available and periods of 
abundance are less frequent. Finally, demand side response and storage can help to better match 
need for electricity production with wind and solar availability. 

A simplified way to calculate profile costs in the context of Thailand is based on the following 
assumptions: 

• Electricity demand is growing long term and existing capacity will not be sufficient to meet 
peak demand 

• While a mix of generation technologies will be built, there will be substantial investments in 
CCGT capacities in the future 

This enables a comparison not between two fully defined scenarios, but rather on the level of 
deciding about the next investment. There are two choices. Firstly, build a CCGT (assumed 
capacity utilisation factor of 80%). This corresponds to the reference technology for the analysis. 
Secondly, build a mix of wind and solar and supplement this by additional investments in CCGT 
capacity to ensure the same reliability level. The resulting costs capture all effects related to 
meeting peak demand and any reduction in average utilisation of generation capacity. 

It has already been pointed out that there are other options – notable demand side response and 
storage – to address this issue. Hence, the profile costs calculated relative to the CCGT reference 
technology are an upper bound and conservative estimate. An assessment of demand side 
response and storage has also been made to analyse related costs. 
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Grid cost 
The location of VRE resource availability and electricity demand usually do not match up in an 
ideal way. Grid costs therefore reflect the cost to deliver VRE to demand. This involves grid 
connection costs of VRE plants, transmission and distribution network upgrades and possible 
network congestion management costs due to higher power flows during periods of peak 
generation, and higher losses in the transmission and distribution grid. 

VRE connection costs are based on the average minimum distance between VRE plant locations 
and local substations and the investment cost for single circuit 230 kV AC transmission lines built 
in forested areas (Black & Veach, 2014). 

Transmission upgrade requirements in the existing network are determined based on 
observations across multiple OECD countries with high shares of VRE penetration (Hirth, 2015).  

Distribution upgrade requirements are determined by comparing costs for distribution grids 
without solar PV installations to the costs for distribution grids with 2.5kW residential solar PV 
installations (IEA, 2014). Assuming 7.5GW residential solar PV capacity in Thailand by 2036 yields 
a household penetration of 18%. 

System costs due to congestion management are disregarded in this analysis based on the 
assumption that sufficient distribution and transmission upgrade investments (see above) 
minimise the requirements for congestion management.  

Changes in distribution network losses are accounted for based on a study that identified 
reduction of losses below 15% VRE penetration (reduced power flows due to self-consumption) 
and increased losses beyond that penetration level (reverse power flows) (PV Parity, 2013). 

All cost are discounted over the lifetime of newly installed infrastructure (if applicable) and 
accounted relative to VRE generation to obtain levelised VRE system costs.  

Figure 1 • Comparison of VRE resource availability for wind (left) and solar (right) to population density 
(middle) 

 
Key message • VRE resource availability is not directly related to population density, meaning that VRE 
needs to be transported, which incurs grid costs.   
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Balancing cost 
Economic effects related to uncertainty of output (forecast errors, plant failures) are referred to 
as balancing costs3. Due to the uncertainty of VRE production, it may be necessary to change 
power plant schedules more frequently and closer to real time. In addition, balancing forecast 
errors may require carrying a higher amount of reserves on the system. This can lead to higher 
cost due to: 

A. More frequent start-ups  

B. Higher reserve requirements 

C. Cycling  

D. Efficiency losses at part-load operation to accommodate reserves requirements 

The costs associated with start-ups per plant are modelled in PLEXOS.  

The amount of reserve requirements is calculated for each scenario and costed with the spread 
between total CCGT LCOE and the fuel cost component of CCGT LCOE.  

The total amount of MW cycled per plant type is modelled in PLEXOS and costed using load 
following costs per MW determined by NREL (NREL, 2012). 

Costs associated with reduced fuel efficiency at part-load operation result from determining 
hourly utilisation for each power plant as modelled in PlLEXOS and applying additional fuel costs 
based on reduced heat rates per plant type.  

For all cost components, the difference between cost in the no VRE and the scenarios with VRE 
capacity are associated with VRE generation to obtain levelised VRE system costs. 

Figure 2 • Illustrative operation of a dispatchable power plant (solid line) that accommodates uncertain 
VRE generation, compared to baseload operation (dashed line) (adapted from Siemens, 2017) 

 
Key message • VRE incur balancing system integration costs for dispatchable power plants due to  more 
frequent start-ups (A), provision of reserve (B), cycling (C) and part-load operation to provide for reserve 
requirements (D).  

Figure 3 summarises the discussed system integration cost components of VRE generation and 
highlights how specific values are calculated in this project.  

                                                                                 

3 While this definition is straightforward, usual estimates of balancing costs often include effects of short-
term variability.  
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Figure 3 • Components considered to quantify system integration cost of VRE generation. 

 

 
Key message • Profile, grid and balancing cost consider all components relevant for system integration of 
VRE.  

Results of this assessment can be found in the section System cost assessment. 

System value methodology 
This approach compares the system savings achieved through VRE to their generation cost and 
thus answers the question if adding a certain technology to the system brings more benefits 
(system value) than costs (LCOE) (Hirth, 2015).  

In the first step, this approach considers the avoided costs for conventional fuel and capacity (the 
capacity that actually can be replaced) by the deployment of VRE, i.e. the system savings. It then 
deducts additional costs (in a strict accounting sense) like grid and balancing costs that are 
incurred by VRE. This yields the VRE specific system savings (system value). Finally, the direct cost 
of the technology (LCOE) is compared to its system value to return the net savings / cost for the 
rest of the power system. 

System savings 
In the case of VRE, system savings are comprised of the avoided cost for fuel and generation 
capacity compared to the reference scenario. Because a complete future reference scenario was 
not available for the analysis, the reference situation is assumed to be the addition of a CCGT 
plant. Hence, system savings reflect the fuel, operation & maintenance and investment cost LCOE 
of the reference technology. Since VRE do not replace dispatchable capacity on a one-to-one 
basis, only a portion of the investment and fixed O&M LCOE are considered.  

Additional cost 
In the system value approach, additional cost of the new technology refers to cost in an 
accounting sense. In the case of VRE, these are the grid and balancing cost that are incurred on 
the system as a result of their deployment (see previous section).  
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Figure 4 • Approach to quantify net system value of VRE generation 

 
Key message • System value reflects system savings via a new technology minus additional cost incurred 
by it. Net system value is the difference between system value and LCOE of the new technology. 

Work stream 2: Distributed Energy Resources 
There are three main tasks in this work stream, which are 

• Estimating technical potential for distributed PV in Thailand 
• Evaluate economic impacts of rooftop PV on Thai utilities, which are EGAT, MEA and MEA 
• Explore policy implications of purchasing tariff for rooftop PV and appropriate tariff structure 

for increasing uses of rooftop PV 

Technical potential estimation for distributed PV in Thailand 
The technical potential for rooftop PV was estimated measuring rooftop area in statistically 
representative sub-districts (tambons) using Google Earth Pro Data and Geographical Information 
System (GIS ( software (Figure 5). 

Figure 5 • Methodology process of rooftop PV technical potential 
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Key message • There are a number of steps for determining the rooftop PV potential  

Estimation of economic impacts of PV on utility revenue 
This task consists of a market potential assessment to establish potential revenue impacts on 
utilities resulting from PV installations. This section considers effects on the Electricity Generating 
Authority Thailand (EGAT), Metropolitan Electricity Authority (MEA) and Provincial Electricity 
Authority (PEA).  

The analysis considered four groups: residential customers (RES), small service general service 
(SGS), Medium General Service (MGS) and Large General Service (LGS). These groups account for 
the majority of customer subscriptions. Table 1 below presents the modelled panel size per 
customer group. The size was chosen to cover the majority of average consumption per customer 
group and is based on stakeholder consultation. Note that one standard load profile per 
customer was used. 

Table 1 • PV size per customer group [PRELIMINARY] 
Groups Load Peak (kW) PV Size                                       

(% Peak load) 
PV Size (kW) 

Residential scale (RES) 5 100 5 

Small general service (SGS) 5 100 5 

Medium general service (MGS) 200 50 100 
Large general service (LGS) 2,000 50 1,000 

 

Market diffusion was modelled as a function of pay-back period. This was estimated using 
alternative “Net billing” configurations, the remuneration scheme currently discussed by the 
Ministry of Energy. Under Net billing, PV output is primarily self-consumed and excess generation 
exported into the grid. Exported electricity was purchased at buyback rakes of 0, 1, 2 and the 
averaged wholesale rate 2.73 THB/kWh. It should be noted that considering buyback ratios below 
the average wholesale rate assumes that PV output has a system value below the wholesale rate. 
This could be analysed in further detail. It could be useful to evaluate scenarios where buyback is 
higher than the wholesale rate. A case where the buyback rate is higher than the retail rate might 
also be relevant. For more detail into the payback periods used for market diffusion refer to the 
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annex. The defined scenarios are shown in Figure 6. There are three main groups of scenarios, 
which are “Maximum cost reduction”, “Minimum cost reduction” and “AEDP” as detailed below: 

• Maximum cost reduction: Assume buyback rates are 0, 1, 2, 2.73 THB/kWh, 4% PV cost 
reduction annually and annual additional PV installation is calculated based on market 
conditions; 

• Minimum cost reduction: Assume buyback rates are 0, 1, 2, 2.73 THB/kWh, 2% PV cost 
reduction annually and annual additional PV installation is calculated based on market 
conditions;  

• AEDP: Assume buyback rate is 0 THB/kWh, 2% PV cost reduction and 2,800 MW of additional 
PV installation by the end of AEDP.                          

Figure 6 • Selected scenarios in this analysis (Code meaning: % annual PV cost reduction buyback rate) 

 
Key message • Three main scenarios are used in the analysis 

Methodology 
Figure 7 shows the framework diagram of the analysis. The main programs and equations used 
are as described below.  

Figure 7 • Framework diagram 

 

 
Key message • The methodology consists of estimating the economic impact consists of a number of 
calculation 
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Payback period calculation 

The payback period calculation was done using the System Advisor Model (SAM), developed by 
National Renewable Energy Laboratory (NREL) in the United States, as a tool. 

Maximum market share determination 

According to R.W. Beck (2009)4, the fraction of customers willing to adopt a technology is 
function of simple payback time (PB) as shown in the following equation.  

Fraction willing to adopt (maximum market share) =  e^(−0.3 × payback time) 

Annual additional PV installation determination  

Annual additional PV installation for each scenario was addressed using technology penetration 
curve, called “Bass Diffusion Model”, given 90% of PV penetration saturation at the end of AEDP, 
developed by Frank Bass in 1969. Moreover, the starting point of annual additional PV 
installation were taken current PV installation in the country as of 2017 as summarized in Table 2 

Table 2 • Current rooftop PV installation as of 2017 [to be added] 

 

Methodology for cost-benefit (CBA) analysis and tariffs options for PV  
This task aims to address policy implications of purchasing tariff for rooftop PV and appropriate 
tariff structure for increasing uses of rooftop PV using cost-benefit analysis. 

The following cost and benefit components for each utility were adapted from literature review 
and relevant stakeholder interviews. 

  

                                                                                 
4 R.W. Beck, Inc. , "Distributed Renewable Energy Operating Impacts and Valuation Study," 2009. 
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Table 3 • CBA per stakeholder 

MEA & PEA 

Benefits Costs 

Through self consumption: 

Avoided cost of loss= Avoided EGAT purchases due 
to self-consumption x %Energy loss 

Avoided cost of capacity = Delayed investments in 
medium voltage 

 

Through excess generation  

(if buyback < wholesale): 

Profits from PV resale = Excess gen x (Wholesale 
rate-Buyback rate) 

Through self consumption: 

Revenue lost from lost margin on EGAT electricity 
resale to customers= (Revenue loss from 
consumer’s saving) – (Avoided EGAT purchases due 
to self-consumption) 

 

Through excess generation 

(if buyback > wholesale): 

Re-sale margin of exported PV = Excess gen x 
(Wholesale rate-Buyback rate) 

EGAT 

Benefits Costs 

Through self consumption: 

Avoided cost of energy= Fuel price x Hourly 
marginal heat rate x loss factor 

Avoided cost of EGAT loss= Avoided energy x 
%Energy loss 

Avoided cost of EGAT capacity=  Investment cost x 
Peak reduction, considering peak reduction 

 

Through excess generation: 

Profits from PV resale = Excess gen x (Wholesale 
rate-Buyback rate) 

Through self-consumption: 

Revenue loss from reduced sales to MEA and PEA= 

(reduced electricity sales) x (Wholesale price) 

 

Grid cost=Reference value from Agora [to be 
substituted with IEA estimate]. 

 

 

CBA interpretation in terms of impacts on utility revenue and retail rate 
The retail rate structure consists of three main component: base rate, fuel adjustment charge (Ft) 
and Value Added Tax (VAT). Base Tariff reflects utilities’ revenue requirement (marked up by 
return on invested capital; ROIC)  including investment cost in generation, transmission, 
distribution and retail systems, base fuel cost, purchasing cost, exchange rate, inflation rate and 
monthly charge. The base tariff is revised every 3-5 years. And, Ft is a mechanism for adjusting 
the power tariff that reflects the actual fuel supply cost that differs from the base cost at a given 
time. 

The net-impact to utilities was calculated using the cost-benefit indicators outlined above. 
Resulting net-impacts were passed onto consumers through retail rate adjustments using the 
formula below: 

              Net impacts on utility revenue (THB) = Total benefits (THB) – Total costs (THB)      

                  Retail rate impacts (THB/kWh) = −𝑁𝑁𝑁 𝑖𝑖𝑖𝑖𝑖𝑁𝑖 (𝑇𝑇𝑇)
𝑁𝑁𝑁 𝑁𝑒𝑁𝑖𝑁𝑒𝑖𝑖𝑖𝑁𝑒 𝑖𝑐𝑐𝑖𝑐𝑖𝑖𝑁𝑖𝑐𝑐 (𝑘𝑘ℎ)∗
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*Net electricity consumption = Total electricity consumption – PV generation based on each 
scenario  
  Total electricity consumption was 181,048,080,000 kWh as of 2016 and is assumed to 
increase every year at 3.75% 

Work stream 3: Grid Integration 
This section describes the assumptions that have been made for the power system in Thailand in 
2036 and the methodology that was used in power system modelling. Scenarios for different VRE 
penetrations have also been considered for 2036. The process of the grid integration assessment 
work stream consists for 4 main steps (Figure 8). The grid impact assessment will examine both 
the operation and economic aspects. 

Figure 8 • Steps for simulating the power system in 2036 for different scenarios 

 
Key message • Simulation of a power system for a grid integration assessment is a complicate process 

Methodology and application of PLEXOS software 
The grid impact assessment consists of two main components: 

• A pre-analysis step based on historical load and generation data to validate the model, and  
• A detailed assessment using production cost modelling for different scenarios. 
Both components of the analysis are based on detailed data for the Thailand system provided 
mainly by EGAT, which is the same set of data that provided to EPPO. Wind and solar generation 
series for different location across Thailand are provided by Vaisala, as explained in the following 
section. Modelling was performed using the PLEXOS® Integrated Energy Model5, which is an 
industry standard commercial production cost-based energy market modelling tool provided by 
Energy Exemplar. In this project, PLEXOS is only used for the 30-minute production cost 
modelling in one year by taking into account demand profile, economic and operating features of 
all generating units (including foreign plants), hydro energy constraints, transmission lines, wind a 
solar time series as explained in the next subsection. 

                                                                                 

5 PLEXOS can be used to undertake a range of power system and market modelling exercises from short-term operational 
dispatch through to long-term planning studies. The short-term model uses Mixed Integer Programming to solve economic 
dispatch and unit commitment over time periods up to a year as a linear problem with generator parameters used as integer 
variables [18]. Various power system parameters can be incorporated such as fuel prices, emissions, transmission line 
constraints, and detailed generator operational It is capable to undertake both detailed power system modelling (as many as 
10,000 buses). 
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Thailand power system generally consists for 5 main regions which are Central (CAC), 
Metropolitan (MAC), Northern (NAC), North Eastern (NEC) and Southern (SAC). However, in 
terms of operation, it is separated into 7 regions according to EGAT’s operation procedure by 
splitting the Central Region, due to its large size, into Central – north (CAC-N), Central – South 
(CAC-S) and Central – West (CAC-W). The regions of Thailand power system are shown in Figure 
9. The interconnections between different regions are also included. 

The foreign interconnections with Laos PDR in the North and North Eastern regions and Malaysia 
in the south have also been taken into account. 

Figure 9 • Seven zone representation for the Thailand power system 

 
Key message • Power system operation in Thailand is separated into 7 zones 

Main assumptions for the 2036 power system modelling 
The 2036 power system is based on retirements and new build from the 2015 PDP for EGAT, IPP 
and SPP plants. VSPP production including solar is considered to stay at similar levels to 2016, 
with new IPS solar capacity making up the rest of the base assumption of 6 GW solar. The 
transmission system is based on 2016, with the addition of EGAT planned inter-regional 
connections out to 2023.  

Specific transmission expansion out to 2036 has not been provided. Therefore, we made an 
assumption of two new connections, one from the southern region to the central-west region 
and another from the northeast to the central-north region have also been included for all future 
scenarios. 

Future demand is based on scaling up of 2016 demand curve and projected energy production 
from 2015 PDP and latest projection from EPPO which was released at the end of 2017 (EPPO, 
2017). 

The primary features of the modelling include: 
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• 7 node representation of the Thailand power system; 
• Transmission flow limits and resistance/reactance for 115, 230 and 500 kV lines connecting 

between different regions based on PSS/E power system model provided by EGAT; 
• All generator types explicitly represented in the model; 
• Fuel costs and supply constraints; 
• Dispatchable generator operating parameters; 
• SPP renewable generation split between central control regions based on historic data; 
• Inclusion of reserve requirements. 

Modelling scenarios of VRE penetration 

Model validation scenario: current power system in 2016 
The first scenario considered reflects the Thailand power system in 2016. This is important to 
provide a baseline for comparison for both the pre-analysis and the production cost model. This 
allows the operational patterns observed in the model to be compared with the real system. This 
can be a basis for adjusting modelling parameters, as well as for ensuring that any limitations to 
the modelling can be identified and taken into account in the analysis. 

The validation of the model has also been conducted by comparing the modelling results in 2016 
with the actual situation of the power system. Details of the model validation are provided in 
Annex D. 

Future power system scenarios: no VRE, Base, RE1 and RE2 
The main analysis scenarios examine the Thailand system in the year 2036. The 2016 load pattern 
is adjusted to take into account estimated behind the meter generation from both solar and 
biomass technologies including SPPs, VSPPs and IPS and then scaled up according to the 2036 
base projection of the 2015 PDP. Generation from SPP and VSPP are based on patterns from 
2016. Simulation of additional solar and wind generation including IPS and utility scale uses 
patterns developed from satellite data for the year 2016, with sites selected based on resource 
availability and feasibility. The methodology for simulating solar and wind generation is explained 
in the next section.  

For renewable capacity, a no VRE scenario is developed to act as a reference point, and then the 
base scenario assumes that the existing 2036 targets are met, resulting in total of 6 GW solar and 
3 GW wind. Two further scenarios with higher levels of renewable energy are also explored (see 
Table). These higher renewables scenarios provide the opportunity to consider the changing 
impacts on the Thailand system of entering different phases of renewables integration, and help 
to identify where new integration measures are likely to be needed. The criteria for assessing the 
phase of VRE integration is provided in Annex E. The detailed phase assessment for different VRE 
scenario will be provided in the final report.  
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Table 4 • Modelling scenarios in 2036 and the current system (2016)  
Scenario Solar 

(GW) 
Wind 
(GW) 

Description Annual 
shares** 

Purpose 

Current 
(2016) 

2 0.6 Based on 2016 load and available 
generation 

3% Validate the set up of the 
modelling 

No VRE 0 0 2036 scenario without VRE 0% Provide a reference for 
evaluation of VRE impacts 

Base 6 3 2036 scenario based on the current 
target in PDP 2015 

6% Enable the impacts of the current 
targets to be assessed 

RE1 12 5 2036 scenario with moderate growth 
in RE 

12% Assess impact and options for 
moderate VRE levels 

RE2 17 6 2036 scenario with ambitious growth 
in RE 

15% Assess impact and options for 
relatively high VRE levels 

Note: ** Future shares do not explicitly include VSPP renewables or roof top PV 

Site selection for wind and solar PV power plants 
The locations of wind and solar PV power plants have been selected based on the potential of 
wind and solar PV across the country as well as the existing and planned transmission grid. For 
wind potential, the wind speed was simulated for two different hub heights: 100 and 150 metres. 
The VRE site selection process also considers the site suitability by excluding areas that are 
protected, prohibited and with difficult landscape such as national parks and mountains. The 
wind and solar PV resource maps across the country are shown and described in more detail in 
Annex A.  

The selected sites of wind and solar PV plants for each scenario are shown in Figure 10. 

Figure 10 • Locations of wind and solar PV power plants for the three VRE scenarios in 2036 

 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

Key message • The proposed locations of solar and wind power plants are spread across Thailand 

BASE RE1 RE2 
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Scenarios of inflexibility and improved flexibility 
In addition to exploring the impacts of increasing renewable energy, the study examines several 
scenarios of increased flexibility, including contractual and technical flexibility. Take-or-pay 
contracts, in particular, can be a source of inflexibility, placing a limit on the ability of available 
renewables generation to displace fossil fuels. A scenario is considered where all take-or-pay 
restrictions are relaxed and dispatch is determined purely on a least cost basis (assuming global 
commodity prices as reference) to give an insight into the benefits that might be gained from 
more flexible contracts. 

Increased technical flexibility can come from dispatchable power plants, demand side response, 
more effective transmission line equipment as well as storage technologies such as batteries and 
pumped hydro. This study examines reduced minimum generation levels as well as a scenario 
where EGAT projected EV demand is optimised within each 24 hour time frame. In addition, to 
examine the impact of storage across different renewables penetrations, the operations of 
increased pumped storage capacity planned by EGAT within the PDP 2015 is analysed in detail. 

Data used for the analysis 
The main data sources used for the analysis in the project were obtained from relevant electric 
utilities and governmental divisions including EGAT, EPPO, DEDE, PEA and MEA. Literature 
reviews were also conducted to ensure that the provided data are consistent with international 
standards. In additional data sources from the IEA World Energy Outlook (WEO) and Energy 
Technology Perspective (ETP) were also employed. These data were used for analysing system 
cost, capacity credit, cost-benefit of distributed PV and grid impact under different scenarios. 

Power system, generating plants, load and RE data 
These data are mostly related to the power system and power plants in present and future years 
for the purpose of the analysis. These data can be briefly described as follows: 

• Time series data: 30-minute load profile in different regions for the last 10 years, 30-minute 
generation profile for different types of power plants including EGAT owned power plants, 
IPP, SPP, VSPP and IPS 

• Power plant data: Installed and contracted capacities, ramp rates, startup time, minimum 
operating level, heat rate and efficiency, investment cost, plant life time, fuel cost, energy 
payments, availability payments, startup costs, fixed and variable operating & maintenance 
(O&M) for all power plants in Thailand. 

• Transmission and distribution network data: Grid connections between different zones, 
types and operating characteristics of transmission lines. Investment costs of new 
transmission lines are also considered.  

• Wind and solar profiles from global satellite data: Historical hourly production estimates for 
wind and solar across Thailand were contracted from Vaisala (formerly 3Tiers). 15-minute 
time series for wind were provided using a mesoscale numerical weather prediction (NWP) 
model and for solar generation geostationary satellite data was used, both converted to 
synthetic energy generation using Vaisala algorithms. 
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Fuel costs 
The following 2036 fuel cost assumptions are used for PLEXOS and LCOE modelling (Table 5): 

Table 5 • Fuel costs of major fuel type and sources  

Type US$2016/MMBTU Source 
Hard coal 3.6 IEA 2017 
Lignite 1.7 EGAT current 
Gas 12.4 IEA, 2017  
Nuclear 0.45 EGAT forecast 
 

Hard coal, lignite, natural gas and nuclear fuel prices are provided by EGAT for the present year 
as well as in 2035 nominal US$. For the modelling of the existing system, the fuel prices provided 
by EGAT are used in the model. 

For the future scenarios in 2036, however, the costs of hard coal and natural gas are based on 
the IEA World Energy Outlook (WEO) due to the uncertainty in the approach that these prices 
were forecasted. For lignite coal, we assume constant real prices from today to 2035. Lignite is 
usually locally sourced. Therefore, prices are location-specific and unlikely to change in the 
medium-term. For nuclear, prices in nominal 2035 US$ forecasted by EGAT are deflated at an 
annual rate of 3% to obtain prices in real 2016 US$.  

Power plant costs 
The 2036 power plant cost assumptions that are used to model LCOE in the system integration 
cost and system value analyses are shown in Table 6: 

Table 6 • Investment and annual O&M costs (fixed) of the main generation technologies 

 Wind - 
onshore 

Solar -  
utility 

Coal - 
Super. Gas - CCGT Nuclear Source 

Investment cost 
(US$/kW) 

- - 2,101 701 3,428 EGAT 
1,784 968 1,480 700 3,000 ETP 2017 
1,000 600 - - - ISE, DIW 

Annual O&M cost 
(US$/kW) 

- - 24.20 10.65 - EGAT 
27.20 10.50 29.60 17.50 165 ETP 2017 

 

Again, we reviewed additional data sources to verify EGAT power plant cost data. While EGAT 
investment cost data tend to be higher than what IEA sources for the ASEAN region suggest, 
annual O&M cost appear lower. All costs are within a reasonable range though. We use EGAT 
data to model LCOE since they are more likely to represent Thailand specific costs.  

For onshore wind and solar, we find IEA data from ETP 2017 and find that other sources suggest 
up to 50% lower investment cost by 2036. As a result, we decide to model both, a low and a high 
VRE investment cost scenario.  

Flexibility of the existing power system in Thailand 
The current power system in Thailand has a mixture of flexibility and inflexibility aspects. The 
generation fleet appears to be flexible give a reasonable share of hydro and high share of CCGT 
and high reserve margin. However the operating characteristics of the power plants such as 
minimum generation, ramp rates and start up time, suggest that the flexibility of generating units 
can be increased, particularly the minimum generation (Table 7). 
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Hydro generation can be considered as a flexible generation due to the relatively high ramp 
rates, which normally used as a peaking generation. However their minimum generation levels 
are very high. The minimum generation of other conventional technologies appear to be very 
high and also have low ramp rates 

Table 7 • Average operating parameters by technology for the 2016 conventional fleet. 

 
Technology Key operating parameters. 
 Minimum generation % Ramp rate (MW/min) Warm start time (h) 

CCGT 61% 20 6 

OCGT 55% 10 1 

Coal 55% 9 5.5 

Diesel 34% 8 0.7 

Fuel oil 27% 3 8 

Hydro 75% 47 - 

Thermal gas 47% 13 9.5 

 

In addition to the generation aspect, there are other technical features that have influence on 
the flexibility in Thailand, which are: 

• Demand side response: 
• Time of use pricing effective in moving industrial consumption (but needs adjustment for 

wind and solar integration) 
• High potential of demand response based the recent EPPO’s study 

• Grid infrastructure 
• Strong and reliable transmission network with significant protection schemes 
• Successfully built out transmission grid  

However, from the economic and institutional aspects, it is considered rather inflexible, which 
can be summarised as follows: 

• Time variability 
• Absence of short-term price signal on bulk power system level 
• Time of use pricing for some customers but not adapted to wind and solar 

• Geographic variability  
• No reflection of location (as far as current analysis has shown) 

• High uncertainty in the generation costs 
• Operating reserves and system services general requirement with no separate compensation 
• Enhanced single-buyer model: long-term PPA structure with IPPs represents inflexibility due 

to contracted operating characteristics. 
• Strong separation between transmission and distribution system: can raise coordination 

challenges at higher shares of distributed generation. 
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Power Development Plan (PDP) – VRE system costs 
and innovative technologies 

Assessment of current Power Development Plan (PDP) and 
Alternative Energy Development Plan (AEDP) 
This section summarises the findings of the analysis on the methods used in the construction of 
Thailand’s Power Development Plan. The last section provides a brief description of the 
recommendations withdrawn from this analysis.  

Power sector reliability and reserve margin criteria 
IEA was requested to assess if the Reserve Margin Criteria used nowadays for planning purposes 
in Thailand is the proper one. On this respect, the Reserve Margin Criteria used, which is 15%, is 
consistent with the recommended one by the North American Energy Reliability Corporation 
(NERC) for power systems based on fossil fuels. However, the existing approach is based on 
deterministic criteria which can be significantly improved. 

Possible ways to improve the Reserve Margin Criteria  
Regarding possible ways to improve the Deterministic criteria currently used, it is likely that the 
shift towards a Reserve Margin Criteria derived from a probabilistic method could provide a 
Reserve Margin adapted to Thailand’s power sector characteristics and thus improve actual 
reliability of the system.  

Two examples of this methodology were provided: the Mexican case, where the 13% 
deterministic margin was substituted by a 15.9%, result of a probabilistic exercise taking into 
account observed availability from generators. 

The second example was the joint exercise to define the Generation Adequacy Assessment for 
Germany, the Benelux, Switzerland and Austria, in the framework of the Pentalateral Energy 
Forum. This exercise shows how properly accounting for statistical interactions between different 
sources allows defining an expected number of hours of load Loss, which would not be as 
accurate if the same assessment was done separately for each country6:  

The aggregate value of this type of exercise is provided (Figure 11). A scenario where each 
country relies only on the resources within its boundaries in order to satisfy its peak demand is 
shown in the left side, with the number of hours of expected loss of load per country. The right 
side of the table shows a scenario where stochastic behaviour of weather and availability of 
resources in each country are taken into account in order to derive the expected number of 
hours where load won’t be served.  

  

                                                                                 

6 https://www.swissgrid.ch/dam/swissgrid/current/News/2015/PLEF_GAA-report_en.pdf 

https://www.swissgrid.ch/dam/swissgrid/current/News/2015/PLEF_GAA-report_en.pdf
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Figure 11 • Comparing national and cross-border adequacy results 

 
Key message • National and cross-border adequacy results are significantly diferrent 

Existing methodology used to determine capacity value of wind and solar 
power plants  
Capacity credit of variable renewable energy plants in Thailand is currently assessed by: 

• Identifying critical hours; this is currently set to 14h00-17h00 and 19h00-20h00 between 
March and May 

• Obtaining VRE infeed profiles (observed) from the past three years during these hours 
• Normalising output profiles to installed capacity of each power plant and grouping of plants 

per technology 
• For each technology group, take the 80th percentile output level (so only 20% of observations 

are higher); this is the capacity credit. 
This methodology is accurate as long as the following conditions hold: 

• The last three years of weather data are representative 
• The selected set of VRE generation plants is representative 
• The periods of system stress remain unchanged in time 
According to the current context of the amount of firm capacity for planning purposes in the 
current PPA, there are two characteristics that must be highlighted of the methodology. The first 
one is the fact that a simple methodology is followed in order to estimate the capacity value of 
renewable generation, and the second one is the criteria of taking the 80Th percentile of 
generation during the peak hours. It is advisable to carry out an assessment that does not require 
these assumptions.  

For example, a longer period of VRE generation observations and a more representative set of 
VRE time series can be obtained from reanalysis data rather than using observations. In addition, 
calculating future expected net load can help to identify periods of system stress.  

At high shares of solar PV it can be expected that there will be no capacity shortage mid-day and 
the current method may overestimate capacity credit. In the other hand, if the assessment is 
based only on a few plants, this could underestimate capacity credit. If time and resources allow, 
a fully fledge Effective Load Carrying Capability could be carried out (see Keane et al. 2011).  
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Effectiveness of the past PDPs - Comparison of demand forecast from 
different PDPs with actual demand project tasks 
IEA performed a simple comparison of the energy consumption and the peak demand forecast 
with the observed values as shown in Figure 12. As can be seen, both the electricity consumption 
and the peak demand forecast tend to be systematically optimistic. 

Figure 12 • Demand and peak demand forecast  

 
Key message • Electricity demand forecasts have always been higher than the actual demand 

This is very common bias among centrally planned electric systems. Nonetheless, EGAT express 
concerns about a typical demand growth behaviour the recent years. In order to understand this, 
a brief analysis of the variables taken into account for the demand forecasts was done. The 
inputs and variables used in the forecast are described in the following table. 

Table 8 • Input and variable for load forecasts in the current PDP 

Consumer sector Drivers Assumptions 
Residential sector: income, % share of each 
HH type, Watt/appliance, hours of use/day of 
appliance, lifetime of appliance, etc 

GDP, Population. %Efficiency Growth, %Temp. Growth. 

Business sector: end use model GDP of each industrial sector %Efficiency Growth, %Temp. Growth 

%Efficiency Growth, %Temp. Growth GDP of each industrial sector %Efficiency Growth, %Temp. Growth. 

EGAT’s direct customers: based on direct consumer data 

Peak Demand Forecast: peak demand is estimated by using aforementioned forecasted energy demand and surveyed 
power consumption pattern of each sector.  

 
The conclusion is that the set of variables used to forecast demand does not seem to have missed 
any relevant information, and the method is a reasonable one. Given that assessment, the 
recommendation is to check the quality of the inputs, for instance, the methodology for the GDP 
forecast. 

Possible reasons and international experiences 
Similar situations in overestimating peak demand and energy consumption also happened in 
many countries such as Mexico (Figure 13). The main reasons were due to the former planning 
exercise (POISE), which was a “policy statement” following official economic growth 
expectations. Furthermore, there is an idea that overestimating demand is less costly than the 
opposite, given that underinvestment can result in shortages. 
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The legal reforms ordering the opening to competition of the sector in from 2013 allocated the 
responsibility of the planning process to the Energy Ministry, in order to guarantee impartiality of 
the planning process. The output of this process is the National Power Sector Development 
Program (PRODESEN, for its initials in Spanish) was an opportunity to review the planning 
procedures. This new long-term planning exercise is explained in Annex B. 

Figure 13 • Comparison of electricity demand forecasts in Mexico 

 
Key message • Over electricity demand forecasts also occurred in Mexico before the reform 

Although different power systems face different circumstances and natural resources to satisfy 
consumers’ needs, many lessons can be taken from looking at other countries’ practices on the 
various stages required for power system planning. From the way information is gathered, the 
forecast methods for relevant variables (such as peak demand, energy demand, fuel price) all the 
way to the integration of stakeholders’ formal or informal inputs, all these aspects alter the 
outcome of an exercise that is meant to provide the clearest idea of where power system are 
heading.  

That is the reason why the examples from various countries with very different legal frameworks 
are interesting; they highlight innovative methods leading to smart solutions to problems shared 
by most planners. Examples from various countries with very different legal frameworks were 
taken to highlight innovative methods leading to smart solutions to problems shared by most 
planners. The planning process that would be taken as examples are the following, with the detail 
in Annex B: 

• Mexico’s National Power Sector Development Program (PRODESEN) 
• South Africa’s Integrated Resource Plan (IRP) 
• France’s Ten Year Network Development Plan (TYNDP) 

Frameworks and modelling tools used for the power system  
According the Vendor’s description of the software used currently, STRATEGIST, is not suited for 
short term analysis and studies requiring high level of operational detail.  

Given that integrating large shares of renewables into the system requires for planners to take 
into account the capabilities of the system to ramp up and down, and to take into account the 
start-up cost of the plants, a different type of software is recommended in order to make 
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assessments more suited for intermittent generation. In addition the software should be 
consistent in short-, medium- and long-term planning. 

Main recommendations for electricity planning 
• To adopt a procedure that evaluates different technologies, renewable and non-renewable, 

at the same time, incorporating the relevant policy restrictions, in order to properly assess 
the economic value of each of them, and the location of the potential plants.  

• In order to maximize economic value, such a planning exercise should be done with the least 
of possible restrictions, letting the optimization to define the amount of capacity required 
from each technology.  

• To perform an updated probabilistic exercise to determine the Reserve Margin suited to 
Thailand’s power system characteristics. 

• To use sophisticated software tools in the planning exercise, in order to take into account 
short term operational and flexibility issues that could arise with variable renewable sources. 

• To follow standard procedures to allocate capacity value to renewable energy sources, 
relying on representative data. 

• A feedback process between the planning process and the policy making could be very 
beneficial. This can be done through the development of scenarios, which would in turn 
provide good estimates on the cost and consequences of various policies. 

• Evaluate the quality of the inputs used in the demand forecast models. 

System cost assessment 

Results of capacity credit analysis 
Results of the capacity credit calculation indicate different characteristics for wind and solar PV. 
Hence, both technologies are first discussed separately and then different mixes are assessed.  

In the case of solar PV as the only VRE technology, the estimated, currently installed 3000 MW of 
solar PV contribute 1300 MW towards firm capacity using the median capacity factor benchmark 
and 1250 MW using the more strict 20th percentile benchmark. Solar capacity factor in the top 
2% of load periods is greater than the median benchmark 50% of the time and greater than the 
20th percentile benchmark 80% of the time. This represents an average capacity credit for solar of 
around 42% in the current system. For the higher renewables shares seen in the base, RE1 and 
RE2 scenarios, this average contribution from solar declines to 25%, 14% and finally 10%. 

Turning to the case of only wind, the picture looks different. Broadly speaking, the capacity credit 
of wind is lower than that of solar PV at low shares, but it remains more robust at high shares. 
This is due to the fact that wind generation follows a more stochastic pattern, without daylight 
hours limiting times of non-zero output. The average capacity credit based on the 80th percentile 
benchmark for wind in the different scenarios is 12% for the current scenario, 16% for the base 
scenario, 15% for the RE1 scenario and 15% for the RE2 scenario. 

A more detailed understanding of this change in capacity credit with increasing penetration can 
be obtained by examining the marginal capacity credit at different shares of VRE and with 
different shares of wind and solar (Figure 14). Here we can see the high capacity credit of high 
solar shares at very low overall VRE penetrations (orange zone at the bottom right of the graph), 
as well as the rapid decline in capacity credit of high solar shares as VRE share increases (the blue 
zone in the low to upper right of the graph). 
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Figure 14 • Capacity credit of different portfolios of VRE at different penetration levels 

 
Key message • A mix of wind and solar PV has an optimal contribution to capacity credit. Solar PV, while 
starting at a very high level, experiences a rapid decline in capacity credit at growing shares. 

It is thus clear that solar PV has already entered a deployment stage in which its contribution to 
firm capacity is declining. In the absence of measures to change the load shape, shifting demand 
from periods of high net load to low net load, the capacity credit of solar PV approaches zero 
above a few percent energy share from PV alone. 

Considering a mix of solar PV and wind, there is a synergy between both technologies. This 
means that deploying a mix of wind and solar PV brings a capacity credit that is higher than the 
sum of each individual technology when deployed alone. This somewhat counter intuitive result 
can be understood in the following way: solar PV shifts the peak net load to times when it is 
generally more windy compared to the usual peak demand times in the absence of solar PV. 

In summary, the results confirm that solar PV is an energy and not a capacity resource at higher 
shares. It does, however, have a higher capacity credit at lower shares and this positive effect is 
already visible in the current situation in Thailand. Wind power provides a modest, but fairly 
stable contribution to firm capacity that should be considered in long term planning. 

Results of system cost analysis 
System cost for VRE generation must be considered in addition to LCOE in order to account for 
the when, where and how of power generation and the interaction with the electric system. 

For the modelled scenarios and the chosen reference technology (CCGT generation), system 
costs range from 360 to 910 THB / MWh for solar and from 690 to 960 THB/MWh for wind 
(Figure 15). This is associated with an uncertainty of ±30% on average. 

The most significant cost driver is profile cost. While wind and solar PV do make a contribution to 
capacity credit, this is either relatively low (15% for wind across all scenarios) or it falls from 26% 
in the base scenario to 10% in the RE2 scenario (see discussion on capacity credit for details). The 
result of this lower capacity credit is that other generation needs to be deployed to ensure 
electricity supply at all times. Note that this estimate is conservative – innovative flexibility 
options such as storage and demand side response can reduce the need for backup generation. 
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This is followed by grid costs, namely the cost of VRE plant connection to the transmission grid as 
well as transmission grid upgrades. The cost of distribution grid upgrade is relatively low, because 
household penetration of residential PV generation is assumed only at 18% in 2036. 

Balancing costs are mainly driven by the efficiency losses due to increased part-load operation of 
dispatchable generators. This impact is frequently omitted in assessments but has been included 
in this analysis. 

Figure 15 • System integration costs for VRE in the Base, RE1 and RE2 scenarios in 2036 

 
Key message • VRE system integration costs increase with higher VRE penetration. This is mainly driven 
by reduced capacity credits and increased operation at part-load for dispatchable generators. 

It is relevant to put these figures into perspective. One useful comparison the possible cost 
increase as a result of gas price variability if a fleet of natural gas plants were to provide the same 
amount of energy as wind and solar. The identified system integration costs for VRE are 
comparable to gas price fluctuations of ±2% (base), ±7% (RE1) and ±12% (RE2).  

Electricity storage is one flexibility option that could reduce future system integration cost of 
VRE. We identify storage systems with 3.5 hours discharge duration (e.g. 1 MW / 3.5 MWh) could 
provide firm generation capacity during the highest demand periods per year. Based on current 
investment cost for lithium-ion battery systems meeting those criteria (2 290 to 3 240 $/kW, 
Pacificorp, 2016) and projected cost reductions by 2036 (50 to 80%, Schmidt et al., 2017), total 
investment cost could reduce to between 430 and 1 590 $/kW in 2036. Compared to the 
assumed reference technology (CCGT at 700 $/kW), this means profile cost could reduce by up to 
150 THB/MWh if the low cost projection for lithium-ion battery systems materialises.  

While these cost reduction for lithium-ion are uncertain, there are other electricity storage 
technologies like redox-flow or high-temperature batteries that could be more suitable for long 
duration storage and achieve even lower investment cost.  

Also, utilisation for the battery in the described peak capacity application is 4%. The remaining 
idle capacity could be used to provide other services that also reduce balancing and grid cost like 
deferring transmission network upgrades and reducing part-load operation of dispatchable 
generators (for a full list of applications, see section Battery electricity storage). 
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Results of system value analysis 
We calculate system value of VRE deployment by 2036 subject to the three VRE deployment 
scenarios with high and low VRE investment cost and two reference technologies (CCGT and 
supercritical coal). Results are shown for VRE deployment overall, which accounts for the relative 
generation of wind and solar VRE in each scenario.  

System savings entail the avoided fuel cost and the portion of capacity generation and O&M cost 
of the reference technologies that can be avoided by VRE deployment. They are higher for CCGTs 
than for supercritical coal due to the higher fuel cost per MWh electricity produced. The system 
savings reduce with each RE deployment scenario due to decreasing capacity credits and 
increasing overproduction of VRE.  

Grid and balancing cost reflect the additional cost incurred by VRE on the power system, reducing 
potential system savings, and are equal to the grid and balancing cost determined in the system 
cost analysis. Accordingly, these values increase with each RE deployment scenario and thereby 
reduce VRE system value.   

The difference between VRE system value and VRE LCOE determines net system savings or costs. 
Overall, VRE deployment leads to savings compared to a system where CCGTs provide the 
equivalent electricity, but to costs when compared to supercritical coal.  

Net savings reduce with each VRE deployment scenario due to reduced initial system savings 
increased additional cost (see above). Vice versa net costs increase when compared to 
supercritical coal. 

Regarding the comparison to supercritical coal as the reference technology, VRE deployment 
would still provide net system savings in the base scenario with low VRE investment cost.     
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Figure 16 • Net system value for VRE by 2036 in the three deployment scenarios compared to CCGT 
reference scenario with high and low VRE investment cost 

 

 
  

 
 

 
Key message • VRE deployment entails net system savings compared to CCGT deployment. 
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Figure 17 • Net system value for VRE by 2036 in the three deployment scenarios compared to CCGT 
reference scenario with high and low VRE investment cost 

 
 

 
 

 
Key message • VRE deployment entails net system costs compared to supercritical coal deployment, 
apart from the Base scenario with low VRE investment cost. 
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Impact on cost of electricity supply 
The system value analysis quantifies the net system saving or cost of a unit electricity provided by 
VRE compared to the reference scenario. When multiplying this saving or cost with the amount 
of VRE generated in 2036 in each scenario and dividing the result by the total amount of 
electricity generation, we determine the impact on cost of electricity supply (Table 9).  

In line with the system value analysis, VRE deployment entails a reduction in cost of electricity 
supply in a scenario where all VRE is supplied by CCGT instead. Compared to supercritical coal as 
the reference scenario, VRE generation increases cost of electricity supply, apart from the Base 
scenario with low VRE investment cost.  

Increasing system integration cost or reduced system value of VRE in the three VRE deployment 
scenarios mean that savings compared to CCGT reduce and cost compared to supercritical coal 
increase.  

Table 9 • Impact on cost of electricity supply (THB / MWh) 
 High VRE investment cost Low VRE investment cost 
 Base RE1 RE2 Base RE1 RE2 

CCGT -33 -31 -19 -76 -113 -129 
Supercritical Coal +36 +99 +153 -8 +16 +44 

 

Key message • Cost of electricity supply reduces when deploying VRE instead of CCGT plants.  

Impact of DSM on system cost 
Demand-side management is one option to increase flexibility of the power system (see following 
section). In this particular case, DSM increases the flexibility of the load. This has a positive 
impact on the integration of VRE. As a result system integration costs for VRE are reduced.  

Figure 18 • VRE system integration costs in the RE2 scenario without (left) and with DSM (right) 

 
Key message • DSM can reduce VRE system integration cost by 32 to 47% 

VRE integration costs reduce from 910 (solar) and 960 THB/MWh (wind) in the RE2 scenario to 
620 (solar) and 510 THB/MWh (wind) with demand-side response in the system. These cost 
reductions take place in: 

• Profile cost – Capacity adequacy: 49% 

• Balancing cost – Part-load operation: 40% 

• Balancing cost – Start- & Shut-down: 6% 
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• Profile cost – Overproduction: 5% 

The significant impact on capacity adequacy cost is the result of DSM supporting the reduction of 
net load at peak demand. In this example, this reduction is attributed to solar and wind power 
and thereby increases their respective capacity credits. These change from 10% and 15% for solar 
and wind respectively (RE2, core model) to 17 and 41% (RE2, DSM model). Operation hours at 
part-load reduce by 8% in total for all coal and gas power stations.  

The reduction in VRE system integration cost also has an effect on the system value of VRE when 
compared to CCGT or supercritical coal reference scenarios, and the resulting net system value. 
The related impact on cost of electricity supply is shown in the table 10. Cost of electricity supply 
through the deployment of VRE combined with DSM is reduced in all modelled scenarios, apart 
from RE2 with exclusive supercritical coal deployment as reference scenario.  

Table 10 • Impact on cost of electricity supply (THB / MWh) 
 High VRE investment cost Low VRE investment cost 
 Base RE2 Base RE2 

CCGT -81 -74 -125 -184 
Supercritical Coal -11 +110 -56 -9 

 

Key message • Cost of electricity supply reduces more significantly when VRE is paired with DSM 
deployment.  

Advanced technologies 

Demand side management 
DSM can be defined as a combination of two activities: managing load trough market 
mechanisms (explicit DSM), and the response of consumers to price signals (implicit DSM). 
Historically, explicit and implicit DSM programmes have been used for peak shaving to defer 
investment, improve system reliability and save fuel costs.  

DSM can contribute to improving market functioning, providing system services and shaping 
demand in a way to facilitate the integration of VRE.  

Different explicit DSM programmes are in place around the globe, which allow large consumer 
(industries) and small consumer aggregators to participate in energy markets. Nevertheless, it 
has remained very limited in scale and largely restricted to large industrial consumers. Today, 
only 1% of demand globally, or about 40 GW of capacity, is able to directly respond to shortages 
or excess supply (Navigant Research, 2017). 

Large consumer that could provide DSM may be concerned about unsuitable processes or the 
disruption/ interruption of their core business, due to a lack of understanding of the DSM 
options. This is a reason for scarce demand-side participation, for example in the UK (The 
energyst, 2017). Policymakers should address their concerns, engaging them through information 
dissemination, simplifying dedicated energy products and market access rules in order to 
facilitate the understanding and participation of the market. 

Implicit DSM can be used to shape the average demand profile of small consumers to better fit 
with system needs. For implicit DSM, dynamic pricing (peak charges, time of use tariffs, etc.) is 
key to trim peaks and shape demand in a cost-effective way.  

Regulation adjustment may be necessary to allow utilities or retailers to offer variable prices of 
electricity. As such, implicit DSM is enabled by advanced metering, which tracks the time of 
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energy consumption. Traditional meters only know “how much” energy is consumed, not 
“when”.  

In order to foster the penetration of advanced metering and benefit from economies of scale, 
policymakers may decide to opt for a large-scale (or selected) rollout (examples are present in 
the European Union, California and Australia). This process usually entails a policy mandate on 
distribution companies or suppliers, including technical minimum requirements. Such programs 
should include a cost-benefit analysis including future, VRE-rich scenarios. A potential drawback 
of a mandated rollout is that consumers may oppose due to privacy concerns. Opt-out clauses 
and proper informational campaigns should then be included.  

For example, the Brazilian energy regulator ANEEL passed a norm in 2012 mandating distribution 
companies to offer customers the choice of installing a smart meter. The offer must highlight the 
potential benefits of access to enhanced information, more tariff options and remote connection 
management (IRENA, 2016). 

Current situation in Thailand and possible developments 
Demand Response (DR) has been recognised as a cost-effective option in the future power 
system (to compliment RE, particularly with high share of RE in 2036). The renewed interest in DR 
was prompted by a number of events that threatened electricity supply security with DR being 
considered a way of being able to reduce or eliminate the impact of supply shortages.  A number 
of DR programs and activities have been established in response to planned major interruptions 
to electricity and natural gas supply in order to reduce the potential of electricity supply 
shortages.  For example, the maintenance shutdown of natural gas fields in Myanmar7, which has 
been taken place regularly during the last few years, can affect the operation of up to 4,000 MW 
of generation capacity in the western part of Thailand. 

• Pilot projects & event-based DR programs in 2013, 2014 and 2015 led by the ERC, EPPO, 
EGAT, MEA and PEA  
• To understand and assess DR potential and widespread deployment of DR in the country 
• Decent DR potential in Thailand (based on the pilot projects and survey). 

• Demand response in Thailand – limited to large customers (not many participants) 
• Implications and possible future directions 

• Allow for more customers (i.e. small and medium customers) 
• voluntary interruptible load program 
• Real time SRMC to establish appropriate pricing or financial incentives for DR programs 
• DR can benefit EGAT, MEA and PEA in maintaining system reliability  

Battery electricity storage 
Energy storage can offset demand and generation mismatches and can also help alleviate grid 
congestion. This makes them ideally suited to complement variable VRE output and volatile 
energy demand.  

Storage options span across a large array of technologies, associated with different cost and 
performance characteristics. This makes them suited differently to the range of services 
electricity storage can provide (Table 11). Currently, the vast majority of electricity storage 

                                                                                 

7 Myanmar supplies around 25% of Thailand’s total natural gas requirements. 
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deployed globally is pumped hydro storage (PHS), however battery technologies like lithium-ion 
(Li-ion) or flow batteries are also deployed at increasing scale.  

Table 11 • Qualitative description of energy storage services in the power system 

 Application Description 

Generation 

RE integration - Bulk  Time-shift RE output to optimise for grid integration and minimise 
curtailment 

RE integration - Ramp Optimise short-term RE output to improve power quality and avoid 
imbalances  

Network 
operation 

Frequency control Maintain supply and demand balance via power inc. / dec. with different 
response patterns  

T&D deferral  Defer upgrades in network infrastructure  
T&D congestion Avoid re-dispatch or local price differences due to risk of overloading existing 

infrastructure 
Black start Restore power plant operations after network outage without external power 

supply 
Voltage support Maintain voltage levels across networks via reactive power supply/ reduction 

Consumption 

Peak power supply Reduce demand supplied by the network during peak hours to reduce 
network charges 

Back-up power Provide power during network failure to ensure power quality and availability 

RE self-consumption Maximise usage of self-generated power and minimising exports to the 
network 

Bill management Shift energy consumption from high-tariff to low-tariff periods to reduce 
energy charges 

Market Energy arbitrage Purchase power in low and selling in high price periods on wholesale or retail 
market 

 

No single application requires the entire storage technology’s capacity continuously. Therefore, 
idle capacity can be used to provide additional services, i.e. benefit-stacking, increasing the 
likelihood to make electricity storage profitable. To enable that, policy-makers need to remove 
existing barriers, for example adjusting minimum bidding size in reserve markets, where batteries 
could be excluded due to small size (Stephan, 2017).  

In recent years, batteries have experienced significant cost reductions. Prices for lithium-ion 
battery packs for electric transport fell on average by 19% p.a. from 1 000 in 2010 to 209 USD per 
kWh in 2017 (BNEF, 2017). This also affected stationary systems with installed cost of residential 
lithium-ion systems in Germany falling from 2 000 (2013) to 1 200 EUR per kWh (2016) (Tepper, 
2016).  

To make best use of storage, policy action is needed. Regulation should allow companies to 
supply services that cut across multiple, independently regulated markets (long-term, short-term, 
balancing, etc.). This is supported by establishing pricing mechanisms that reflect the value of a 
given service to the electricity system and each stakeholder’s contribution to providing it (Carbon 
Trust, 2016). 

Location considerations for storage 
Electricity storage systems can be deployed along the entire electricity supply chain. The optimal 
location and size depend on the service(s) to be provided and the local conditions of the power 
network. While a system operator might deploy electricity storage in a particular section of the 
distribution grid with high shares of renewables and temporary congestion to defer grid 
investments, a consumer might use a residential battery to increase consumption of self-
generated PV power. The storage services that can be provided through installations in the 
transmission (central) or distribution system (distributed) are broadly the same, apart from the 
additional distribution investment deferral if deployed at lower voltage levels.  
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Modelling the value of storage within the UK power system and its potential evolution until 2030 
reveals, however, that peak reduction in the distribution network and the potential investment 
deferral through respective electricity storage systems comprises the most significant value at 
least in the UK (see Modelled impact of location on value of storage in the UK (Carbon Trust, 
2016)).  

Possible locations for the storage system(s) providing the identified services could be:  

• RE generator connected to transmission network 
• RE generator connected to distribution network 
• Substation in transmission network 
• Substation in distribution network 
• Low voltage network 

Figure 19 • Possible locations for storage in Thai power network (1-5)  

 
Key message • Ideal locations for storage systems to integrate VRE from large wind and solar plants are 
the transmission and medium-voltage distribution network.   

Source: DVN GL, 2016 
 

The decision on whether the storage system should be co-located with a specific RE generator or 
located separately in the distribution grid should be based on:  

• Drivers for local distribution network congestion (result of single, large or multiple, medium-
size RE generators) 

• Owner perspective: RE generator  Co-location; System operator  Separate 
• Existing network infrastructure to minimise storage system connection costs 
• Minimising distribution losses  

Current situation in Thailand and future direction of battery storage 
There are a number of planned projects for battery storage in Thailand. EGAT has established a 
plan for three pilot projects of batter storage in three provinces, which are in the north, 
northeast and central region (Table 12).  
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Table 12 • Planned battery storage projects in Thailand 
Province Mae Hong Son Chaiyaphum Lopburi 
Location Solar power project in Mueang 

District 
Bamnet Narong high-voltage 
substation (115 kV) 

Chai Badan high-voltage 
substation (115 kV) 

Technology Lithium-ion Lithium-ion Lithium-ion 

Power 4 MW 16 MW 21 MW 

Discharge 0.25 hour 1 hour 1 hour 

Energy 1 MWh 16 MWh 21 MWh 

Planned operation September 2019 June 2019 June 2019 

Application T&D network investment deferral Renewable firming, Energy 
shifting 

Renewable firming, Energy 
shifting 

Comment No transmission line in that area; 
Battery to reduce power failure 
from 2,614 to 500 minutes; solar 
plant in same area to increase 
capacity by 3 MW 

Areas with large expected 
increase in renewable 
generation  
(2020: 218.2 MW) 

Area with large expected 
increase in renewable 
generation  
(2020: 301.2 MW) 

 
The following main roles for electricity storage appear most promising for Thailand: 
• Handling higher ramps, especially during reduction in solar output in late afternoon hours 
• Very rapid frequency response to ensure system stability also times of low system inertia  
• Transmission and distribution investment deferral, especially at high shares of distributed 

renewables 
Electricity storage is expected to be included in the revised PDP since it has been recognised to 
complement the growth in renewable generation in Thailand.  

Electric vehicles as a flexible load 
Electric vehicles (EV) have a number of effects on the power system, they can be positive and 
negative. For example, roll-out of charging points can stress existing grid infrastructure and 
unmanaged charging may increase peak demand; this is beyond the report’s scope. Depending 
on charging patterns, EVs can also be a flexible load, providing flexibility to the system. 

The least cost DSM solution related to EVs is the modulation of charging, for example for the 
purpose of shifting loads and providing ancillary services such as frequency response and 
balancing services. Especially bulk load shifting is regarded as a potential opportunity that may 
arise from increasing electric vehicle stock numbers. 

DSM measures related to EVs include delaying the charging of the vehicle, stopping or starting it, 
speeding it up or slowing it down8. Bulk load shifting could be achieved by taking actions that 
modulate the charging time and profiles of several vehicles simultaneously, within the bounds of 
individual requirements such as having a target time for a full recharge. If such demand 
management occurs in a coordinated manner, it allows for a larger numbers of EVs in the grid at 
a given capacity compared to a situation of uncoordinated charging. At a shorter time frame, 
electric vehicles are also regarded as a potential opportunity for providing frequency response 
services for grid reliability and cost-effectiveness, using electric vehicles as distributed energy 
storage to provide back-up capacity and flexibility at the minute to millisecond level. 

For Thailand, the Government has expressed the attention on the EV technology and has started 
launching a policy to promote EV in 2015. This includes the policy to promote local production of 
EV. The Energy Policy and Planning Office (EPPO) which is under the Ministry of Energy (MOEN) is 
                                                                                 

8 The ability of EVs (and storage, more generally) to increase as well as decrease consumption distinguishes them somewhat 
from other - more traditional forms of demand response, which typically takes the form of demand reductions. 
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the main governmental organisations that responsible for promoting the EV. They believe that EV 
can potentially help to reduce the dependence on fossil fuels, and subsequently lower the 
environmental impacts. Based on the current policy, the target is to have 1.2 million EV by 2036. 
This would consist of both plug-in hybrid EV (PHEV) and Battery EV (BEV). The MOEN is presently 
promoting EV by introducing policies and regulations as well as providing support to research 
institutes on EV. The policies and regulations include: 

• Tax holidays for five to eight years 
• Tariff exemption for imported machinery  
• Corporate tax exemptions for manufacturers  
Presently, there are around 100,000 EVs in Thailand, which consists mostly of PHEV. A pilot 
project on EV has also been introduced for public transport such as buses and Tuk-tuks (three 
wheeled). In addition, EPPO is preparing a plan to accommodate EVs, particularly on building 
charging stations across Thailand. 

In addition, EPPO also recognise that the uptake of EVs will have some impact on the power 
system. Therefore the impact of EVs on the power system is also analysed in this report. 
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Distributed solar PV – Technical potential, cost 
benefit analysis and rate impacts 

[The results are currently under review by the IEA and will be provided at a later stage.] 

Main recommendations on purchasing tariff and tariff reform 
Policy recommendations are not aimed at obtaining the maximum PV penetration from 
distributed generation, but managing its associated impacts cost-effectively.  

It should be noted that the considered scenarios only consider buyback ratios lower than the 
wholesale rate, which has three main implications. On the utility side, they reflect a situation 
where arbitrage benefits MEA and PEA as they can avoid purchases from EGAT through cheaper 
PV output surpluses and then reselling them to their customer base at a higher price. On the 
customer side, there is a positive relation between payback and greater adoption by way of lower 
payback periods. Lastly, buyback rates below the wholesale rate effectively assume a low system 
value for PV. 

The findings need to be assessed carefully as the scenario definition sets boundaries on the net 
impact to both utilities and ratepayers. In this setting, EGAT sees a yearly net-negative effect due 
to reduced sales volume equal to 2.08 to 3.43% of yearly revenue. MEA and PEA see 
comparatively lower, if not negligible, yearly negative impact between 0.09 and 0.41% of yearly 
revenue as the revenue loss is counteracted through arbitrage. Rate-payers see a marginal 
negative impact by way of energy bills. This ranges between 0.62 and 5.63% yearly increases to 
the retail rate.   

An alternative analysis, with buyback rates higher than the wholesale price, may present a 
different distribution of impacts. This configuration of net-billing would allow to evaluate the 
impacts of PV with a higher system value.  In such a scenario, reduced payback period becomes 
the main driver as installing a panel would be more attractive for ratepayers. On the whole, this 
faces EGAT with a higher negative net impact due to an even larger reduction of the customer 
base. In the case of MEA and PEA, such a scenario cancels out the possibility for arbitrage so that 
they face increased costs from purchasing excess PV output. This case, would assume regulations 
obligating MEA and PEA to purchase excess output. For ratepayers, a higher buyback rate would 
result in an increase in PV attractiveness. This compounds in the following regulatory period as 
the utilities’ costs need to be covered through a constantly decreasing customer base.  

A number of limitations in these findings need to be discussed: Assumption of average customer 
load profiles; fixed wholesale price; and assumptions regarding uniform distribution of rate 
impacts. Regarding the first point, assuming average load profiles ignores the distribution in 
income and electricity consumption levels across the Thai population. This relates closely to the 
objective of this analysis. While testing average load under potential net-billing schemes may give 
an indication of future challenges it fails to capture the current reality of the market. For 
example, under the present regulatory scheme, wealthy residential consumers paying the highest 
tariff may decide to install an unregistered PV panel. The resulting monthly bill reduction may 
qualify them for the lower end of the tariff structure, effectively burdening MEA and PEA. Such 
dynamics are not yet captured in this analysis, but would require great detail in terms of 
appliance ownership information and household occupancy patterns. 

Another consideration about this analysis is the assumption of a fixed wholesale price for 
purchases between EGAT and MEA/PEA. This has direct potential for rate reform. In reality, 
EGAT’s wholesale price changes with hourly dispatch according to the merit order. Adjusting the 
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wholesale rate EGAT offers to distribution companies, indexing it to real-time dispatch, could 
help mitigate MEA and PEAs incentive for arbitrage. Moreover, the buyback level of solar could 
vary, not only in terms of its exact level but in terms of the period that excess balances can be 
carried forward. Determining monthly or yearly rolling credits is a very important question and 
relates directly to the government’s choice of prosumer strategy: restricting, enabling or 
encouraging prosumers.  

Lastly, the present analysis assumes that rate impacts are distributed across consumer groups 
evenly. The allocation of rate impacts is also an important policy consideration especially when 
rate impacts interact with cross-subsidies aimed at supporting less affluent customers.  
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Grid impact assessment 
This section provides the analysis of the modelling results of the power system in 2036 under 
different scenarios of VRE penetration and flexibility options. The main objective is to understand 
how solar and wind generation could impact the power system. The impact is assessed based on 
operational and economic aspects. The operational aspect relates the operation of power 
system, power plants and transmission system while the economic aspect relates to the system 
costs. In addition, a number of flexibility options, including those from generating plants and 
other advanced technologies are also analysed. 

Phase assessment of VRE integration is also conducted qualitatively for the existing power 
system, which is based on a number of aspects including the current share of VRE, technological 
options and operation practices that are being utilised (IEA 2017c, 2017d). This assessment and 
criteria are shown in Annex E. The detailed VRE phase assessment of different scenarios will be 
provided in the final report.  

Contribution of solar and wind generation to Thailand’s power 
system in 2036 
The amount of solar and wind generation and their penetration levels in Thailand vary by month 
(Figure 20). For every scenario, VRE penetrations are highest in February and December 
(approximately 8% in the base case, 14% in RE1 and 18% in RE2), while the lowest are in June, 
July, September and October (approximately 6% in the base case, 10% in RE1 and 14% in RE2).  

Solar generation appears to be relatively constant throughout the year, with the highest 
penetration during March to May, which is the summer period in Thailand. Wind penetration 
varies more significantly, with the highest penetration in December and lowest in May, June, July 
and October. This is due to different monsoon seasons in different regions in Thailand. 

Figure 20 • Monthly and average share of VRE penetration for different scenarios  

 
Key message • VRE penetration varies by month  

Solar and wind generation also varies across different regions in Thailand (Figure 21). The Central, 
North Eastern and Southern regions are expected to have more VRE generation than other 
regions in the modelling scenarios due to relatively higher number of solar and wind generating 
plants installed in those regions. This is due to their greater solar and wind potential as shown in 
the previous section and in Annex A. 
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The monthly variation of VRE generation appears to be greatest in the Southern region (SAC) 
largely due to the difference in monthly wind generation, which is lowest between April and July. 
The monthly solar generation output seems stable for every region, which is consistent with the 
national average (Figure 21). The Northern region is dominated by solar generation with almost 
no wind generation due to the limited wind potential. 

Figure 21 • Monthly VRE generation in different regions for the RE2 scenarios 

 
Key message • VRE generation varies between regions 

In terms of average percentage of VRE penetration, the NEC has the highest yearly average 
penetration, which is around 35% for the RE2 scenario (Table 13) due to relatively high installed 
VRE compared to total generation from other technologies. The lowest VRE generation and 
penetration are in the metropolitan region (MAC) due to limited potential of VRE sites. In the 
northern region (NAC), the penetration is relatively high but mostly from solar as previously 
shown. 

Table 13 • Yearly average of VRE penetration in different regions for different scenarios 

 
Regions Average VRE penetration (%) 
 BASE RE1 RE2 

CAC 6% 8% 10% 

MAC 4% 4% 4%  

SAC 3% 9% 12% 

NAC 8% 16% 23% 

NEC 14% 30% 35% 

TOTAL 6% 12% 16% 

 
The net load duration curves for different VRE scenarios show a contribution of wind and solar 
during the peak periods in line with the capacity credit analysis already described. As expected, 
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this is larger between the total VRE penetration of 6% in the base scenario and 12% in the RE 1 
scenario (Figure 22). From the RE1 to RE2 scenario, as the VRE penetration increases from 12% to 
16%, the additional contribution of VRE during peak periods is more moderate. This also fits with 
the capacity credit analysis, where increasing solar penetration has little or no further 
contribution to the peak and thus the reduction in peak net load is driven by the additional wind 
generation where the capacity contribution is more stable. Since RE2 has only an additional 1 GW 
of wind generation relative to the 5 GW in RE1, this additional reduction in net load is relatively 
small. 

Figure 22 • Net load duration curve (LDC) for the year and in the top 1% for different VRE scenarios 

 
Key message • The net load curve shows the contribution of VRE during peak demand periods   

The contribution of each VRE technology to peak load and its declining value can be better 
appreciated by looking at the temporal contribution of each technology and how this interacts 
with the demand profile.  Most notably, due to the presence of a peak demand which occurs 
regularly around midday in the Thailand system, there is a high contribution of solar towards 
demand in peak periods during this period (Figure 23). However, it is also worth noting its lack 
of contribution towards a second evening peak where solar generation drops to zero.  

Figure 23 • Solar generation profiles versus the demand profile during an example week in the RE2 case 
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Meanwhile, wind generation does generate throughout the day though ramping up of its 
generation is observed during the late evening and early hours of the morning, as demand ramps 
down (Figure 24). 

Figure 24 • Wind generation profile versus the demand profile during an example week in the RE2 case 

 
Key message • There is a high contribution of solar towards a midday peak demand while the wind 
profile generally ramps up during the late evening, with little contribution to the peak demand  

Economic impact of different VRE scenario in 2036 
The main questions assessed as part of the analysis for 2036 were the impact on total operation 
costs as well as sub-components that may increase operational costs, especially ramping and 
start-up costs. 

The strongest impact of higher shares of VRE in the operational analysis are fuel cost savings. 
These savings dominate other cost impacts, including those of increased start-up costs as well as 
ramping costs (Figure 25). 
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Figure 25 • Total operational costs for different scenarios 

 

 
Key message • Fuel cost savings dominate overall operational impacts across different shares of VRE. 

It is important to note that despite moderate impacts on total operational costs, the number of 
unit starts does increase on average, in the RE1 and RE2 scenarios (Figure 26).  

Figure 26 • Total annual unit starts in different scenarios 

 
Key message • Unit starts become more frequent at higher shares of wind and solar. 

While losses have not been explicitly measured in PLEXOS, these have been calculated post-
simulation in order to give an idea of the impact of different VRE penetration levels on these 
values (Figure 27). The changes in losses are predominantly due to the change in power flows on 
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the transmission network as VRE is able to service nearby load centres directly or, conversely, 
displaces nearby conventional generation sources. 

Figure 27 • Annual transmission losses across the different VRE penetration scenarios 

 
Key message • Higher penetration levels of VRE show a general increase in VRE transmission losses, 
especially under the high penetration scenario 

Operational impact of different VRE scenarios in 2036 
The operational impact of solar and wind generation is examined for different scenarios of VRE 
penetration. VRE can have a number of operational impacts on the power system as previously 
described which involve the overall system and the operational profiles of conventional 
generators.  

Impact on ramping of generating units 
To give an insight into the impact of VRE on ramping requirements during the year – shedding 
light on the ramping cost component – the highest ramp seen during each day was evaluated and 
presented in a calendar for each scenario (Figure 28). Comparison of the no VRE scenario with 
the base case shows little or no increase in the maximum ramps. On the other hand, the RE1 and 
RE2 scenarios show an increase in the highest ramps seen during the year, with the most 
challenging periods occurring around November. The calendar format allows trends in day of the 
week (horizontal lines) to be emphasised, however the simulation results do not suggest any 
particular day of the week with consistently more challenging ramping requirements. 
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Figure 28 • Ramping impacts at different shares of VRE 

Daily maximum ramps 2036, No VRE scenario 

 
Daily maximum ramps 2036, Base scenario 

 
Daily maximum ramps 2036, RE1 scenario 

 
Daily maximum ramps 2036, RE2 scenario 

 
Key message • The highest ramps seen during the year increase in higher renewables scenarios, 
particularly RE2 

Reserve requirements for different VRE scenarios 
Dynamic calculation of reserves allows increased reserve requirements for high renewables 
periods to take account of increased uncertainty in net load, without unnecessarily increasing the 
reserve requirements at times where renewables output is low as might occur using a static 
requirement. For the simulation, reserve requirements were calculated based on parameters 
taking into account the load as well as wind and solar generation at each point in time (Figure 
29). While reserve provision is higher in the higher renewables scenarios, load continues to be 
the largest factor determining reserve requirements even in the highest renewables case.   
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Figure 29 • Reserve requirements in different VRE scenarios 

 
Key message • Dynamic reserve calculation causes reserves requirements to become dependent on the 
level of wind and solar PV generation. 

Challenging periods for power system operation 
To look more closely at how power system operation changes under high VRE scenarios, a 
challenging week was selected based on the lowest net load (Figures 30 and 31). The detailed 
dispatch shows the very small impact of VRE in the base scenario, while the two high renewables 
scenarios demonstrate periods where conventional plants turn down in order to accommodate 
renewables generation. Note that the penetration of VRE is 6% in the base, 12% in RE1 and 15% 
in the RE2 scenario. 

In the case of no VRE and moderate VRE (Base case), the generation profile of coal and nuclear is 
fairly constant as they are not required to ramp up and down, which is similar to traditional base 
load plants in the power system. The solar and wind generation in the base scenario does not 
impact the dispatch of coal and nuclear generation. In the base case, the VRE generation 
displaces gas-fired generation (i.e. CCGT and thermal gas plants), which caused the cycling of 
CCGT to be more frequent than in the case without VRE.  

As the VRE penetration increases, as in RE2 scenario, coal-fired generators which used to be 
dispatched as base-load have to vary their generation outputs, while the cycling of CCGT also 
increases. 
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Figure 30 • Detailed dispatch results for a challenging week (generation, inertia, flexibility available) 

NoVRE Base 

 

 

 

 
Key message: No VRE and base result in similar overall operating patterns; VRE variability is balanced 
with hydro and gas flexibility  
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Figure 31 • Detailed dispatch results for a challenging week (generation, inertia, flexibility available) 

RE1 RE2 

 

 

 

 
Key point: RE1 and RE2 are characterised by structurally novel operating patterns, including ramping of 
coal plants. Overall system flexibility remains sufficient  
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Flexibility options to improve VRE integration 
There are a number of flexibility options that can be applied to improve the integration of VRE. 
The most prominent option is increase the flexibility of generating plants which includes lower 
minimum generation level, higher ramp rate and faster start-up time. Other flexibility options are 
stronger and smarter grids, electricity storage technologies and demand side response.  

In this report, the flexibility options that are evaluated include the flexibility of conventional 
generating units including lower minimum generation level and greater flexibility of supply 
contracts. In addition the impact of advanced technologies such as electric vehicles is also 
evaluated and the operation of pumped storage hydro plants during periods of low net load is 
also considered. 

Lower minimum generation of power plants 
One of the challenges in high VRE systems is increased variability in the net load. High VRE 
systems can see both periods of much lower net load than would occur otherwise, and steeper 
ramps to periods of high net load when load is high and VRE generation decreases. Conventional 
generators with high minimum stable levels accentuate this challenge: during the period of low 
net load it becomes necessary to either turn off some generators or to curtail renewables 
generation. If a rapid ramp up is then required to meet a high net load period later in the day, 
this will necessitate keeping conventional generators on during the period of low net load and 
require renewables generation to be curtailed. 

The modelled 2036 Thai system has minimum generation of conventional plant of around 47% 
for combined cycle gas, 43% for thermal generators and 65% for hydro (table 14). This is based 
on the flexibility characteristics of the existing system, with new generators assigned minimum 
generation at the low end of existing plant. Decreasing these minima is a key pathway to increase 
the flexibility of the system to integrate variable renewable energy.  

Table 14 • Original and simulated minimum generation levels of conventional generators. 

 
Technology Average minimum generation level (% of capacity) 
 Core scenarios Low minimum generation 

CCGT 47% 30% 

OCGT 27% 20% 

Coal 43% 20% 

Diesel 34% 30% 

Hydro 65% 13% 

Nuclear 60% 20% 

Thermal gas 44% 20% 

 

In this report, reduced minimum generation levels based on IEA estimates for flexible plants have 
been tested with high renewables scenarios and shown to reduce the system operating costs. 
The reason for this can be seen in an analysis of a challenging week comparing high and low 
minimum generation levels (Figure 32) as well as other flexibility scenarios. The lower minimum 
generation enables conventional plant to turn down to a lower level without shutting generators 
off, enabling the fleet to respond later in the day when renewables generation is low and high 
net load periods occur. 
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Figure 32 • Cost savings due to added flexibility in the Base and RE2 cases respectively  

 
Key point • Additional flexibility measures lead to major savings on start-up costs in both the Base and 
RE2 cases. Meanwhile, contract flexibility leads to lower fuel costs due to the ability to fully optimise the 
choice of fuel for generation: 

Detailed analysis of generator dispatch during the period of lowest net load shows that reduced 
minimum generation allows a larger amount of renewables generation to be accommodated 
(Figure 33). In the lower minimum generation scenario (right pane), conventional generation 
reaches a lower level than in the core scenario (left pane), enabling more of the renewables 
generation to be utilised while still allowing the ramp-up of conventional generation needed later 
in the day when net load increases. 

Figure 33 • Impact of reduced minimum generation (right) for the RE2 scenario relative to the base case 
minimum generation levels (left) in the period of lowest net load. 

 

Contract flexibility 
In addition to the technical flexibility of the power system, institutional flexibility is a key part of 
power system transformation. A key benefit of VRE generation is the ability to reduce the use of 
high cost fuels. Volume-based supply contracts with minimum commitments can act as a source 
of inflexibility, eliminating cost savings that would otherwise be available from avoided fuel use. 
The simulations consider this by comparing a case where similar supply contracts to the 2016 
system are in place in 2036, and comparing this with full contract flexibility where system 
dispatch is based purely on minimising operating costs (Figure 32). A saving of around 15% of fuel 
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costs shows the value of ensuring that future institutional arrangements do not hinder efficient 
system operation. 

Possible benefits and impacts of advanced technologies 

Demand side management of flexible electric vehicle (EV) load 
For the preliminary analysis demand side management has been considered based on flexible EV 
charging. This involves defining a portion of the load as flexible and optimising its distribution. It 
is important to note that for this analysis an optimistic case is taken where the EV load is fully 
shiftable within a 24 hour period, and thus should be considered an upper bound on the benefits 
of smart EV charging.  

Examining the peak load period for the modelling year shows the ability of smart EV charging to 
reduce the even peak as well as increasing demand during the period of high solar generation in 
the middle of the day (Figure 34). This both reduces the need for peaking generation and helps to 
reduce fuel consumption by enabling more VRE generation to be utilised. 

Figure 34 • Impact of flexible EV charging during the peak net load period in the high renewables case 

 
Key point • Flexible EV charging can shape load to reduce the system peak for the electric vehicle fleet 
projected by EGAT in 2036 

Examining the detailed dispatch during the week of lowest net load from the highest renewables 
case shows how the flexible load is activated at periods of high renewables generation to reduce 
the required turn-down of conventional generators (Figure 35). Again, examining generation 
from VRE generators during the low net load period also shows an increase in the size of the solar 
and wind generation bands, showing that curtailment has also been avoided due to the increased 
minimum demand. 
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Figure 35  • Impact of flexible EV load during the period of lowest net load in the RE2 scenario (right) 
relative to the RE2 scenario without flexible charging (left). 

 

 
Key point • Flexible EV charging and cement load helps to avoid curtailment and increase the minimum 
level of conventional generation. 

Integration benefits of planned, more flexible pumped storage 
The 2015 PDP includes the addition of new pumped storage plants with more flexible loading 
than existing pumped storage in the Thailand system. These generators can act as an important 
source of flexibility in a higher renewables system, allowing energy to be stored at times of high 
VRE production and discharged at times of high net load (Figure 36). By aligning the pumping 
profile with the dispatch during the period of lowest net load, the pumped storage can be seen to 
operate both during the middle of the day when solar generation is high, and during the night 
when demand is low as well as wind generation being relatively strong. 
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Figure 36 • Pumped storage operation during the lowest net load period for the RE2 scenario. 

 

 
Key point • Pumped storage allows renewables generation to be stored for use when net load is high 

Summary and action priorities 
From the modelling and simulation of the Thailand power system in 2036 under different 
scenarios of VRE penetration and flexibility options, there are a number of important findings 
that are applicable to not only the operational but also the system planning and policy aspects, 
which are relevant to the development of the PDP and the operation of the power system. 

Operational aspect 
• The existing power system appears to be very flexible given the grid is relatively strong with a 

number of advanced transmission equipment and protection schemes. 
• VRE generation in Thailand varies by month but overall is rather stable due to different 

weather patterns in different regions throughout the year 
• Much more ambitious solar and wind levels compared to the existing targets are possible 

going forward from the operational aspect 
• Conventional generating plants such as coal and CCGT will be required to cycle up and 

down more often but their ability to do this may currently be limited due the nature of 
contract arrangements with these plants, particularly the IPPs.  

• Technical flexibility options for existing and new power plants will be helpful to assist the 
Thai power system to integrate higher levels of renewable energy 
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• Hydro generating plants have high ramp rates which are suitable for meeting the steep 
changes in demand as there is more VRE. However, the minimum generation of the hydro 
power plants in Thailand could be reduced quite significantly in order to make the system 
more flexible.   

• The potential for solar PV generation is rather significant across the country while the 
potential for wind generation appears reasonable, particularly with new wind turbine 
technologies and the availability of high hub heights. 

• There is a high correlation between solar generation and the afternoon peak demand of the 
system while wind generation tends to ramp up during the late evening while the demand is 
ramping down. 

• Advanced technologies enabling demand side management can potentially benefit the power 
system to avoid curtailment and increase the minimum level of conventional generation. 
Therefore enabling the participation of demand side response, in particular smart EV 
charging in the case of high EV uptake has the potential to significantly impact peak demand 
as well as assisting with renewables integration. 

• The current PDP 2015 targets for 2036 could be handled fairly well for the existing system 
with some additions and changes to operational practice. 

Economic and Institutional aspects 
• Increased VRE penetration will reduce the total operating costs, which consist mostly of 

fossil-fuel costs. 
• Institutional and contractual issues that limit currently available flexibility 

• PPAs with IPPs and gas supply contracts 
• Communications and cooperation between transmission and distribution level are still 

limited and needs to be improved as the penetration of VRE increases 
• Added flexibility options of DSM, contract flexibility and/or lowering minimum generation 

can benefit overall system costs due to a reduction in associated costs 
• All flexibility options lead to a significant reduction in start-up costs 
• Contract flexibility and DSM measures have a notable further reduction in ramping costs 
• Contract flexibility has the most notable cost savings as it allows for greater optimization of 

the dispatch of generation, resulting in a reduction in both fuel and O&M costs of more 
expensive generation. 

• Institutional arrangements will be important to ensure that changes in the generation mix 
can be integrated without unintended impacts on power system stakeholders 
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Annex A. Wind and solar resources 
This annex provides a brief overview of the methodology used to produce wind and solar 
resource data across Thailand. Wind and solar PV generation profiles were produced by Vaisala 
(former 3Tiers) which are GIS layers showing mean estimated net generation values and a 
synthetic time series history for existing and hypothetical wind and solar locations across 
Thailand. 

The data consists of simulated 15-minute generation over a ten year period during 2007-2016 at 
roughly 3km resolution. This is the latest and most up to date simulated wind and solar 
generation in Thailand. 

Wind power generation profiles 
Wind generation has been generated from the meteorological dataset using a limited area 
mesoscale numerical weather prediction (NWP) mode, run at roughly 3 km resolution. The 
specific NWP framework which was used was the Weather Research and Forecasting (WRF) 
model. Wind resources and generation GIS layers were produced at 100 and 150 metre hub 
heights since the modelling assumes these will represent future wind turbines. 

Figure 37 shows the simulated wind speed at 150 and 100 metre for Thailand. As shown in the 
figure the wind speed at the higher hub height are generally greater. The areas with good wind 
speed are in the north eastern and southern regions. 

Figure 37 • Wind speed for 150 and 100 metres hub heights 

 
Key message • The most prominent regions for wind generation are in the North Eastern and Southern 
regions 
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Solar power generation profiles 
Solar generation profiles were simulated using a linear mapping from satellite-derive global tilted 
irradiance to generation for every 15-minue time period in the meteorological dataset.  The 
global tilted irradiance represents all direct and diffuse sunlight hitting a tilted panel. The Vaisala 
dataset uses the Aqua and Terra MODIS satellites which were different for the study conducted 
by DEDE and Silpakorn University in 2009, which used EP/TOMS and AURA/OMI satellites. 

Figure 38 shows the solar irradiation (MJ/m2) for Thailand that have been used to simulate solar 
generation profiles. 

Figure 38 • Solar irradiation in Thailand 

 
Key message • Solar irradiation is fairly consistent across different regions. The highest irradiation 
appears to be in the North Eastern (NEC), Central (CAC) and part of the Southern (SAC) regions 
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Annex B. Country case studies on system planning 

Mexico’s National Power Sector Development Program 
PRODESEN 
The legal reforms ordering the opening to competition of the sector in from 2013 allocated the 
responsibility of the planning process to the Energy Ministry, in order to guarantee impartiality of 
the planning process. The output of this process is the National Power Sector Development 
Program (PRODESEN, for its initials in Spanish) which has three main deliverables: 

• Generation Units additions and retirements indicative program  
• Transmission expansion program (Compulsory for CFE’s Transmission Grid Company) 
• Distribution expansion program (Compulsory for CFE’s Distribution Company) 

Figure 39 • Solar and wind resources in Mexico 

  
 

 

 

 

 

 

 

Features worth of being highlighted in the PRODESEN 

A model with the minimal amount of constrains  
The indicative generation plan included in PRODESEN is the result of an optimization problem 
which objective is to minimize the cost of the system. In order solve this mathematical problem, 
the minimal amount of constrains expressing public policy issues is imposed to the problem.  

These constrains are  

• Clean energy objectives 
• Planning Reserve Margin 
• Operational costs limits 
• Real Time Energy Balance 
No other restriction is included in order to incorporate a certain amount of investment of any 
specific technology. This approach allows the PRODESEN to minimize the expected cost of 
generation, and the transmission expansions that are compatible with them. 
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Mexico’s PRODESEN- Regional hour profile for wind and PV resources  
Even if the Clean energy policy in the Mexican legal framework do include a large amount of 
technologies, wind and Solar PV technologies have been would take a very important role of 
achieving the country’s objective of 35% of clean energy in 2024. 

For that reason important improvements on the information regarding the wind and solar 
resources endowments were required in order to properly take them into account in the long 
term planning of the Power sector. With the support of the National Renewable Energy 
Laboratory, maps and generation profiles were largely improved in order to assess the economic 
potential of these resources.  

South Africa’s Integrated Resource Plan 
In order to promote an efficient expansion of its power system, South Africa has implemented a 
long term planning process, the Integrated Resource Plan (IRP). This planning approach includes a 
number of effective practices and methods, which are described below. 

Figure 40 • Solar and wind resources in South Africa 

 

 

 

 

 

 

 

 

South Africa IRP – Stakeholder process 
One of the strengths of the IRP is the way to incorporate stakeholders input into the process. In 
particular, basic assumptions and results of the process are subject to public comments, giving 
the Department of Energy the opportunity to receive feedback on them and to improve the 
quality of the assumptions and inputs. Various regional meetings are held with  

South Africa IRP – Reality Feedback  
Power sector planning process has to have a reality feedback in order to reflect reality as much as 
possible, and every country has to identify the assumptions that are the most relevant for the 
modeling to be as consistent as possible with reality.  

In the case of South Africa, not taking into account real availability of plants owned by ESKOM, 
the national Vertically Integrated Utility, could lead to biases on the quantity required and in and 
investment periods mismatches 

For that purpose, three scenarios were developed, with low, medium and high availability. These 
scenarios can be adjusted in the next IRP editions, as more information on the availability is 
generated. In any case, their consideration shed light on the consequences on required 
investment and the right timing for the tendering of new generation. 

Average wind speed 
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Externalities  
Taking into account for costs imposed in other members of society, like population or other 
productive sectors is relevant in order to foster a development of a power sector which is 
consistent with economy-wide efficiency. Such costs, known as well as externalities, can be 
considered in power sectors run by vertically integrated utilities directly in the planning process. 
In the case of the IRP, it takes into consideration costs imposed on health by NOx, SOx, Hg and 
PM. 

South Africa IRP – GHG Emissions 
Green House Gases is a particular case of pollutant that is very relevant in the power sector 
planning process; as it can define in a large extend the amount of renewable energy to be 
incorporated and the type of fossil fuels that could be required in the future. For that purpose, 
the IRP takes the GHG Government policy on emissions as a constraint to be included in the 
optimization process. This allows the correct assessment of the tradeoff between cleaner but 
costly sources like Liquefied Natural Gas (LNG) and cheaper but more polluting sources, like coal, 
which would in turn make more difficult to achieve GHG objectives. 

Scenarios providing feedback for policy making  
IRP has a very interesting procedure to provide feedback to policy makers and to the public in 
general, including different scenarios departing from the base case, and modelling the effects on 
costs and outcomes on different policies, for instance 

• Taking a total amount of emissions that can be emitted into atmosphere during a period (a 
carbon budget).  

• Allowing the possibility of Primary fuel price tipping points (coal, gas and nuclear) 
• Planning for a low demand growth trajectory- leading to reduced investments 
• Rooftop Photovoltaic taking off, and the impact on installed generation  
• Increased impact of energy efficiency measures 
• Low Eskom plant performance 
This provides a unified framework to assess many policies effectiveness, and provides the 
Government and the public with good estimates of their associated costs and benefits.  

France – Generation Adequacy Report –Long Term Perspective 
Scenarios 
RTE, the French System Operator, performs an assessment on the adequacy of the system for a 
15 year span. The most remarkable feature of this exercise is the use of multiple scenarios 
representing possible “states of the world”. They include a series of variables that aren’t in 
control of the power system participants, but that would have a very significant impact on 
shaping the power sector in the coming years. The result of the coexistence of these exogenous 
variables and policies result in a particular generation mixes and investments. 
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Figure 41 • Resulting generation mixes from scenario-based planning 

 
These generation mixes will also require different grid expansions, and these scenarios allow to 
plan them, acknowledging the fact that future is uncertain, and that the benefits of investments 
will depend largely on information not known to the planers. 
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Annex D: Production cost model validation 

Model validation for the power system in 2016 
In order to validate the production cost model, a representation of the Thai power system in 
2016 was developed and compared with historical data from 2016. The energy mix for the model 
(Figure 42) was overall found to be very similar to the historical system (Figures 43). Differences 
in hydro output are likely due to the use of general rather than exact historical water flows and 
the lack of diesel and fuel oil use in the simulation are likely to be the result of maintenance and 
outages not being included in the validation model for both generation and gas supply. 
Differences in coal and gas may also be related to the lack of outages in the validation model and 
the use of dynamic reserves, in contrast to the current system for reserves determination. 

Figure 42 • Share of generation mix from PLEXOS simulation in 2016 

 

 
Key message • Generation mix for PLEXOS simulation is similar to the existing mix 

Figure 43 • Share of generation in the actual power system in 2016 

 
Key message • Generation mix for PLEXOS simulation is similar to the existing mix 

Energy production by region is also similar between the simulation and historical data (Figure 44). 
Overall simulation results have slightly less generation in the central regions and slightly more in 
the other control regions. 
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Figure 44 • Comparison of generation between the actual system and the modelling in 2016 
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Key message • Generation in each region of the power system from PLEXOS simulation are also 
comparable to the existing mix 
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Annex E: VRE phase assessment and flexibility of the 
current power system  

Phase assessment of the existing system and for each RE scenario   
Thailand’s power system has been evaluated to approximate the phase of VRE integration. The 
criteria of the assessment is based on the characteristics of the power system, technological 
options, operation practices that are being utilised. Operational issues during each phase of VRE 
deployment vary depending not only on the share of VRE, but also the characteristics of the 
power system and other aspects (Table 15). 

Table 15 • Operational issues relevant to different phases of VRE deployment 

 Attributes (incremental as progressing along VRE phases) 

Phase 1 Phase 2 Phase 3 Phase 4 

Characterisation 
from a system 
perspective 

VRE as a non-
noticeable load at 
system level 

VRE becomes 
noticeable at the 
system level to the 
SO 

Flexibility is becoming 
relevant with greater 
swings in the 
supply/demand 
balance 

Stability is becoming 
relevant. VRE covers 
significant share of 
demand at certain 
times 

Impacts on the 
existing generator 
fleet 

No noticeable 
difference between 
load and net load  

No significant rise in 
uncertainty and 
variability of net load, 
but there are small 
changes to operating 
patterns of existing 
generators 

Greater variability of 
net load; major 
differences in 
operating patterns; 
reductions in power 
plants running 
continuously  

Very few power 
plants are running 
around the clock; all 
plants adjust output 
to accommodate 
VRE 

Impacts on the 
grid  

Local grid condition 
near points of 
connection, if any 

Very likely to affect 
local grid conditions; 
transmission 
congestion possible 
driven by changes in 
power flows across 
the transmission 
networks 

Significant changes in 
power flow patterns 
across the 
transmission network; 
increased vertical 
flows between 
networks of different 
voltage levels 

System-wide grid 
strength is weakened 
and the ability of the 
grid to recover from 
disturbances. 

Challenges depend 
mainly on: 

Local conditions in 
the grid 

Match between 
demand and VRE 
output, and the 
availability of data 
from VRE plants 

Availability of flexible 
resources 

System strength to 
withstand 
disturbances 

Note: SO = system operator.  
Source: IEA (2017c), Getting Wind and Sun onto the Grid: A Manual for Policy Makers. 
 

There are technical and economic options as well as operational practices which can be used for 
determining different phases of VRE integration such as real-time monitoring and control 
systems, enhancement of transmission line, power plant flexibility, special protection scheme, 
advanced pump hydro operation, sizing of operating reserves and grid level storage (Table 16). 
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Table 16 • Technological options and operational practices for different phases of VRE deployment 

Type Technological options and 
operational practices 

VRE deployment phase 

Phase 1 Phase 2 Phase 3 Phase 4 

Te
ch

ni
ca

l 

Real-time monitoring and control     

Tools for enhancing transmission line 
capacity      

Power plant flexibility     

Use of special protection schemes 
(SPS)     

Advanced VRE technologies and 
design     

System non-synchronous penetration 
(SNSP) limit     

Smart inverter     

Advanced pumped hydropower 
operation     

Inertia-based fast frequency response 
(IBFFR)     

Grid-level storage      

Ec
on

om
ic

 

Sophisticated sizing of operating 
reserves     

Integrating forecasting into power 
system operations     

Faster scheduling and dispatch     

Incorporating VRE in the dispatch     

Co-ordination across different balancing 
areas and interconnector management     

 
Source: IEA (2017d), Status of Power Transfromation 2017: System Integration and Local Grids 

At the current VRE level in the system, which is less than 4%, and a number of technical options 
available in the power system, particularly the special protection schemes (SPS) as well as strong 
transmission grids, Thailand can be considered as approaching phase 2 with hardly any system 
level impact. 
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