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Abstract 
The paper presents the results of an ex-ante evaluation of the economy-wide benefits 
that may be achieved through the implementation of the 20-year Energy Efficiency Ac-
tion Plan (EEAP) in Thailand. The objective of the EEAP is to reduce energy intensity 
by 25% in 2030 compared to 2010. This is to be reached by reducing the projected en-
ergy consumption by 20% or 38 Mtoe until 2030. We have specified an analytical 
framework, which allows for a calculation of the overall energy cost savings, energy 
import cost reductions and reduced CO2 emissions. Moreover, we calculated the in-
duced energy efficiency investments, employment effects and impacts on governmental 
budget. The evaluation shows that an effective implementation of the plan may lead to 
a reduction in energy expenditure of 37.7 billion EUR by 2030. Moreover, the EEAP-
induced energy savings will significantly reduce the greenhouse gas emissions as well as 
Thailand’s energy import costs and generate private investment in energy efficiency of 
about 5 billion EUR annually in 2030, which in turn may lead to about 300,000 new 
jobs. The size of the net impact of the plan on Thailand’s governmental budget is uncer-
tain due to positive and negative effects on corporate and income tax revenues, expens-
es for unemployment benefits, governmental energy consumption, expenses for energy 
subsidies and energy tax income. 
Keywords  
Energy Efficiency Action Plan (EEAP); Thailand; economic benefits of energy efficien-
cy; ex-ante evaluation  
 

1. Introduction 

Over the last few decades, Thailand has experienced a transformation from an agricul-
tural into a semi-industrialised economy (Phdungsilp 2010). As a result of strong eco-
nomic growth,1 the final energy consumption in Thailand has drastically increased and 
is expected to rise further in the future (Shrestha et al. 2007). The transport and indus-
trial sectors accounted for 34% (21,194 ktoe2) and 29% (18,381 ktoe) respectively of 
total final energy consumption in 2010 (APEC 2012). A significant rise of residential 
electricity consumption has also taken place amongst others due to a higher appliance 
endowment in households (refrigeration, air conditioning, electric fans, television etc.), 
made possible through the increased disposable income. Final energy consumption per 
capita has more than doubled from 0.39 toe3/person to 0.96 toe/person between 1990 
and 2013 (EPPO 2014). In addition, the Thai population has been growing continuously 
from around 55.8 million in 1990 to 68.3 million inhabitants in 2013 (annual popula-
tion growth between 0.6% and 1.3%) (EPPO 2014). Energy demand in Thailand is fore-
casted to increase rapidly: Phdungsilp and Wuttipornpun (2013) expect it to more than 
double within the next two decades with major environmental and energy security im-
plications. The International Energy Agency (IEA 2013a) forecasts primary energy de-
mand to grow at an average rate of 2.3% per year between 2011 and 2035, which would 
equal a doubling in three decades. CO2-emissions grew at an average rate of 7.6% per 
year between 1980 and 2010 (Phdungsilp 2013) and are expected to increase in the 
future from 243 Mt CO2 in 2011 to 460 Mt CO2 in 2035 corresponding to an average 
growth rate of 2.7% (IEA 2013a).  

–––– 
1 Average real GDP growth rates were at 4.2% between 2002 and 2012 (BOT 2013). 
2 kilotonne of oil equivalent. 1ktoe = 41.9 TJ = 11.6 GWh (IEA 2015). 
3 tonne of oil equivalent. 
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Due to a limited availability of domestic energy resources, Thailand strongly depends 
on energy imports (AIT 2010).4 The country spent 12% of its GDP in 2012 on energy 
imports (EPPO 2013). In 2011, 73% of the consumed oil came from imported stock 
(EDMC 2012). According to EPPO (2011), the rate of energy imports per total energy 
consumption increases every year, for example from 48% in 2009 to 51% in 2010. The 
IEA (2013a) expects Thailand’s net gas and oil import costs to rise from almost 30 bil-
lion US-Dollars in 2011 to around 100 billion US-Dollars in 2035. Energy supply securi-
ty in terms of dependency on energy imports, continuously increasing energy costs, as 
well as increasing pollution and greenhouse gas (GHG) emissions are therefore future 
key challenges for Thailand (Thepkhun et al. 2013).  

With the enforcement of the Thai Energy Conservation Promotion Act, B.E. 2535 
(1992), the improvement of energy efficiency has been established as an important 
means to address these future energy challenges. In the wake of the Act, the Govern-
ment implemented, among other policy measures, appliance-related energy efficiency 
measures, which have resulted in substantial energy demand savings (du Pont 2014; 
Foran et al. 2010). At the Asia Pacific Economic Cooperation (APEC) Summit in 2007, 
Thai government leaders ratified the collaboration in energy conservation promotion to 
meet the agreed target in 2030. In response to this, the Thai Energy Policy and Plan-
ning Office (EPPO) under the Ministry of Energy (MOEN) developed a 20-year Energy 
Efficiency Development Plan/ EEDP (2011 - 2030), which was approved in 2011 to pro-
vide a national policy framework and guidelines on energy conservation in the long 
term (GIZ 2013). 
As an update of the EEDP and for its implementation, a more detailed Energy Efficien-
cy Action Plan (EEAP) has been elaborated for Thailand in 2013 (Ministry of Energy 
2013). The overall aim of the EEAP is to reduce energy intensity in 2030 by 25% com-
pared to 2010, which is equivalent to a reduction of final energy consumption by 20% 
or about 38,000 kilotonnes of crude oil equivalent (ktoe) relative to baseline projec-
tions in 2030 (Figure 1). Priority sectors for the implementation of energy efficiency 
measures are transportation and industry (Ministry of Energy 2013).  

Figure 1 Thai EEAP energy efficiency targets 

Source: German International Cooperation (2015) Based on Ministry of Energy (2013) 

–––– 
4 While energy security was enhanced by expanding domestic hydropower between the 1960s and 1990s, such infra-

structure projects have been facing tremendous public opposition since the mid-1990s (Greacen & Palettu 2007). 
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In order to achieve the targets, a combination of 34 different energy efficiency 
measures will be implemented. They consist of mandatory measures such as laws, regu-
lations and standards as well as promotional/supportive measures like R&D promo-
tion, incentive provision, public awareness/behaviour change campaigns, human re-
sources and capacity building. The 20-year EEAP strategy is divided into three imple-
mentation phases: short-term (2011-2016), medium-term (2017-2022) and long-term 
(2023-2030). For each phase a different set of concrete energy efficiency measures is 
planned. 
Currently, further energy reforms are untertaken, and the EEAP will be incorporated 
into an integrated National Energy Development Plan through 2035, which is currently 
under development as part of the overall reform process in Thailand. 
The implementation of the EEAP measures is expected to deliver numerous benefits for 
the Thai economy. The objective of this paper is to provide an analytical framework for 
evaluating the economy-wide benefits that may result from the energy savings realised 
as expected in the EEAP. The derived analytical framework will then be applied in or-
der to ex-ante evaluate, how energy efficiency policies may help to address the key Thai 
energy challenges. Such an ex-ante EEAP assessment is not publicly available,5 but is 
considered important to inform the government, industry, public and other stakehold-
ers in Thailand about the expected impacts and their magnitude of a successfully im-
plemented EEAP. This study does not assess whether the energy savings will actually be 
realised as expected in the EEAP. We use the projected savings data as provided by the 
EEAP as the main input variable and assume energy savings to be net of potential re-
bound effects.6  

This study is based on research conducted as part of a GIZ/EPPO programme in which 
these two partners support Thai institutions with the implementation of the energy 
efficiency plans. Our methodological approach allows for a first ex-ante calculation of 
the energy cost savings, energy import cost savings and reduced CO2 emissions. Moreo-
ver, induced energy efficiency investments, employment effects and effects on govern-
mental budget have been calculated based on the best available data. The next section 
gives a brief description of the overall methodological approach and the input data 
used. Then, the applied calculation approaches and the results of the evaluated EEAP 
benefits are presented separately for each indicator. After a brief summary of the re-
sults, a critical reflection of the results is given in section 4 by discussing the main data 
and modelling uncertainties. The final section concludes, discusses further research 
needs as well as implications for the future energy efficiency policy strategy in Thai-
land. 

2. Evaluation approach 

This section gives a description of the overall methodological approach on how EEAP 
benefits have been calculated within this paper. More detailed descriptions of the calcu-
lations and the data used will be presented for each indicator in the following results 
sections. GIZ Thailand and experts of the Thai energy system have reviewed the calcu-
lation approaches and assumptions.  

Five central benefits were of interest to this evaluation and are shown in Figure 2 and 
Table 1. These include greenhouse gas savings (CO2 equivalents), energy cost savings –––– 
5 The EEAP includes values on expected energy savings, cost savings, CO2 reductions, but no information on the calcu-

lation approach and the assumptions. 
6 The quantification of rebound effects is outside the scope of this study. 
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(by sectors) and energy import cost savings (by carrier), energy efficiency investments, 
employment effects, and effects on governmental budget. 
A basic evaluation approach is taken with a series of equations to calculate each indica-
tor. The bases of all calculations and central input variable of the ex-ante analysis are 
the energy savings (as given in the EEAP) expected to result from the policies to be im-
plemented within the EEAP framework stated in thermal energy savings ∆𝑞!!! 𝑡  as 
well as electricity savings ∆𝑞!"#(𝑡) per sector s and year t (data table included in annex 
1). The EEAP energy savings are then combined with further input data collected from 
diverse sources (for details see section 3) in order to estimate the resulting benefits. 
Figure 2 gives an overview of the specified approach.  

Figure 2 Schematic overview of the evaluation approach 

Note: q = (energy) quantities, t = taxes, π = profits, x = turnover. 

Greenhouse gas savings are calculated directly from energy savings estimated in the 
EEAP impact assessment by multiplication with the respective emission factors per 
energy carrier. Energy cost savings build on the sector-wise multiplication of respective 
energy demands and relevant energy prices while import cost savings draw on energy 
import prices.  
For the estimation of investments, we reviewed the literature and used the most appro-
priate data for the costs of saved energy (in terms of geographic provenience, actuality, 
availability; see respective section for data sources) to recalculate the investment that is 
necessary for realising the expected energy savings. This approach was taken, as bot-
tom-up data of energy efficiency investment costs were neither available in the existing 
impact assessments, nor in official statistics in Thailand. The output of this calculation 
was then used as input for the estimation of direct employment effects, because in-
vestment is at the same time to a certain extent additional turnover. Combining these 
figures on a sectoral basis with labour intensities allows to calculate direct employment 
effects.  
The governmental budget is affected through various effect channels that were calculat-
ed along the best data available: positively by the reduction of governmental energy 
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consumption and energy subsidies, additional revenues of value added tax (VAT) and 
income tax as well as reduced unemployement expenses; negatively by lower energy tax 
revenues. 
Calculation methodologies for each sub-effect on the governmental budget vary: VAT, 
corporate and income tax revenue changes as well as decreased expenses for unem-
ployment benefits were analysed by top-down recalculation. The average tax quota was 
calculated from total turnover and total tax payments, and then multiplied with the 
estimated additional turnover. Similarly, we derived a “social security payment rate” 
per unemployed person and multiplied this with the estimated additional employment 
figures for calculating the reduction in social security expenses. Governmental energy 
consumption was taken directly from statistics. Energy subsidies may have a substan-
tial impact on the public budget, but reliable data for Thailand is scarce. Therefore, we 
drew on most recent IEA (2014b) data on Thai energy subsidies and calculated three 
scenarios: first, a complete subsidy phase-out until 2030, second, maintaining subsidy 
rates at current levels, and finally an average scenario. We also included foregone ener-
gy tax revenues to provide an encompassing picture. This is consistent with our overall 
approach: Where we found diverging data sources or calculation approaches we always 
chose the more conservative way, i.e. yielding lower effects.  

Table 1 Overview of evaluation approaches by indicator 

Indicator Evaluation approach 

GHG savings Energy savings (by energy carrier/final energy product) × emission 
factors 

Energy cost savings by sectors Energy savings (by energy carrier/final energy products, sector) × 
domestic energy prices (forecast) 

Energy import cost savings Energy savings (by energy carrier) × import prices (forecast) 

Energy efficiency investments Energy savings (by sector) × first-year (up-front) cost of saved energy 

Direct employment effects Investment costs × labour intensities (by sector) 

Effects on governmental budget § Taxes (VAT and business tax): tax rate × investments 
§ Reduced unemployment expenses: average expenses × additional 

employment, additional average income tax revenues 
§ Governmental energy consumption: electricity savings in public 

buildings × public energy tariffs 
§ Reduced subsidies: energy savings (by energy carrier) × subsidy 

rates (3 scenarios) 
§ Foregone energy tax revenues: energy savings (by energy carrier) 
× energy tax rates (by carrier/final energy product) 

 

In general, the evaluation quality of these EEAP benefits depends on the available input 
data and on the methods that can be applied using this data. We have used data for 
Thailand from the major databases of the Thai Government (National Statistical Office 
of Thailand, Energy Policy and Planning Office, Department of Alternative Energy De-
velopment and Efficiency, Bank of Thailand, the Revenue Department, National Eco-
nomic and Social Development Board, see detailed references in section 3), the IEA and 
complemented it with data available in scientific literature. Where data was not availa-
ble, reasonable assumptions were made based on relevant academic literature and tak-
ing the country-specific background of Thailand into account. While the calculations 
for the original research have been done using Thai currency Baht (THB), for this paper 
all values have been converted to Euro (EUR) with the exchange rate of 2013 of 
1EUR=40.186THB (Bankenverband 2013). 
In order to increase the precision of calculations, total final energy demand (FED) has 
been disaggregated to the lowest level of available data for the respective calculations. 
Figure 3 gives an overview on disaggregation levels. The total FED contains all final 
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energy consumed in Thailand or a specific sector (agriculture, transport, commerce, 
industry, residential; highest aggregation level). The FED is split up into the final ener-
gy carriers (FEC) electricity, oil, gas, coal and renewables. The specific energy products 
belonging to these carriers are final energy products (FEP). For example, lignite is a 
FEP of the FEC coal.  

Figure 3 Final energy taxonomy 

Note: The evaluation builds on prices and quantities for all FED, FEC and FEP where available. 

The bases of all calculations are the provided energy savings of the policies to be im-
plemented within the EEAP framework, stated in thermal energy savings ∆𝑞!!!(𝑡)  as 
well as electricity savings ∆𝑞!"#(𝑡) per sector s and year t in the EEAP. We further dis-
aggregated thermal and electricity savings to final energy products. 
These benefits of the Thai EEAP can in principle be analysed applying different evalua-
tion methods including Computable General Equilibrium models (CGE), econometric 
models, Input-Output Analysis (IOA) or simpler methods such as cost-benefit analysis 
or spreadsheet calculation tools. The applicability and selection of the methods de-
pends essentially on the data availability, whether indirect impacts and second-round 
effects should be assessed and the resources that can be committed to the analysis. CGE 
and macroeconometric models require a very good data base that was not available for 
this evaluation. The existing input-output table for Thailand did not allow for the esti-
mation of all benefits of interest. Due to limited resources for this research and data 
availability, we applied a more simple approach that should give first insights and serve 
as a starting point for further research. Similar approaches were used e.g. by Erd-
menger et al. (2009), Copenhagen Economics (2012), and for energy cost reductions 
(including uncertainty analysis) by Kaiser et al. (2004). 

3. Detailed calculations and results 

3.1. Avoided greenhouse gas emissions (CO2eq) 

In 2012, total CO2eq emissions7 in Thailand were at 240 Mt (EPPO 2013). Due to the 
reduction of final energy consumption, GHG emissions will be reduced accordingly 
relative to the BAU scenario. To calculate the CO2eq emission reduction induced by the –––– 
7 Emission estimations are based on CO2eq emission factors from the EEAP and therefore include not only carbon dioxide 

but also other greenhouse gases as CO2 equivalents. 
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EEAP, the respective energy savings of final energy products ∆𝑞!"#(𝑡) were multiplied 
with the emission factors 𝑓!"# shown in Table 2.8  

Table 2 Thai emission factors by final energy products 

Final energy product Unit CO2 emission factors (f) Source 

  (t CO2eq per unit)  

Electricity GWh 561 Ministry of Energy 2013 

Natural Gas ktoe 2,369 Ministry of Energy 2013 

Coal ktoe 3,996 Ministry of Energy 2013 

LPG kt 789 Ministry of Energy 2013 

Bunker oil million litre 839 Ministry of Energy 2013 

Biomass charcoal thousand ton 478 Ministry of Energy 2013 

Benzene ktoe 2,927 Ministry of Energy 2013 

Diesel ktoe 3,130 Ministry of Energy 2013 

Jet fuel / kerosene million litre 2,575 EPA 2011 
Source: Ministry of Energy  (2013, Appendix C, p.457) and EPA (2011). 

The overall amount is calculated by totalling the CO2eq reductions of all n final energy 
products.  

(1) ∆𝐶𝑂!!"(𝑡) = ∆𝑞!"#$(𝑡)×𝑓!"#$!
!"#!!  

Figure 4 shows an almost linear development of emission reductions until 2030 (ac-
cording to the savings data from the EEAP). Annual emissions in 2030 could be re-
duced from 509 Mt in the BAU case to 376 Mt CO2eq, a reduction of 133 Mt (see Figure 
4), representing a reduction of about 26% of BAU emissions. This figure is largely con-
sistent with the 140 Mt GHG savings stated in the EEAP, but lacking calculation details 
(Ministry of Energy 2013, 41). Emission mitigation is mainly achieved by energy effi-
ciency measures targeting electricity and oil consumption.  

–––– 
8 For savings from “traditional” and “modern renewable energies” listed in the EEAP impact assessment, the emission 

factor for biomass/charcoal listed was applied. 



Wuppertal Institut | 10 

Figure 4 Avoided GHG emissions in CO2eq per year and energy carrier (Mt CO2eq) 

3.2. Energy cost savings 

Sector-specific energy cost savings 
The sector-specific energy cost reductions represent the benefits of the EEAP from a 
consumer perspective and are calculated by fuel type and for the agriculture, transport, 
commercial, industry and residential sectors. Final energy product prices for end-users 
𝑝!"#$!"  including taxes, levies and marketing margin are considered for calculating the 
sector-specific energy cost savings. Based on the reduced consumption of all n final 
energy products FEP (∆𝑞!"#$) and respective retail energy product prices (𝑝!"#$!" ), final 
energy carrier FEC cost reductions ∆𝑐!"#$ were assessed by aggregating the FEP cost 
reductions, as shown in the following equation (2). Price rises have been oriented at the 
consumer price index (CPI). A conservative average price growth rate of 2% 𝑖!  per year 
(nominal) has been assumed in the forecasts. This value is oriented at the average con-
sumer price index, which has increased in average of about 2.8% in the period 1998-
2013 according to Bank of Thailand statistics (Bank of Thailand 2013a).  

(2) ∆𝑐!"#$(𝑡) =    ∆𝑞!"#$%(𝑡)×  𝑝!"#$%!"!
!"#!!   ×𝑖!(!!!"#") 

For each sector S, the final energy demand FED and cost savings ∆𝑐!"#$ are estimated 
by adding up all m relevant energy carrier cost reductions.  

(3) ∆𝑐!"#$(𝑡) =    ∆𝑐!"#$%(𝑡)!
!"#!!  

The energy savings and resulting cost reductions are highest in the industrial and 
transport sector. By 2030, the EEAP is expected to lead to total annual consumer cost 
savings of 37.7 billion EUR (1.5tn THB) (Figure 5). This is a reduction of about 25% of 
total BAU energy costs. 
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Figure 5 Energy cost savings per year and sector (bn EUR) 

With regard to energy carriers, expenditures on final energy are reduced especially for 
petroleum products and electricity. This is essentially a result of the expected savings, 
which are highest for these energy carriers. 
Energy import cost savings 
In 2013, Thai energy demand was, to a large extent, met by energy imports due to very 
limited domestic resources. Therefore, import cost savings resulting from EEAP 
measures are of interest and assessed. As energy demand is expected to rise further due 
to economic growth, even with the EEAP implemented (see Ministry of Energy 2011) 
and Thai production capacities limited (IEA 2013a), we assume that all energy savings 
triggered by the plan will directly lead to reduced energy imports (relative to the BAU 
scenario). The monetary import cost savings are consequently calculated as the product 
of expected energy savings (as laid down in the EEAP by sectors and energy carriers) 
and world/Asia import energy prices and adjusted for future import price develop-
ments (assumption based on price growth forecasts: nominal price increase of 2% per 
year). A major share of the overall EEAP savings comes from electricity. Generation of 
electricity in turn needs primary energy inputs, end-use electricity savings were there-
fore converted to primary energy savings according to the Thai electricity generation 
mix (see Figure 6). We assume, that electricity imports from foreign hydropower will 
not be reduced. 

Figure 6 Calculation of import cost savings 

To this end, the electricity generation capacity development as laid down in the Thai 
Power Development Plan (EPPO 2012) has been used for the primary energy conver-
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sion.9 The primary energy input shares of 2019 were used as a constant for the period 
2020 to 2030 (Table 3) as primary input shares are expected to remain relatively con-
stant for the period 2013-2019 by EPPO and no further projections were available.10 

Table 3 Primary energy input shares for electricity generation 

Primary energy input (%)	   2013	   2014	   2015	   2016	   2017	   2018	   2019	  
2020-
2030b	  

hydro	   9.0	   8.8	   8.9	   9.7	   10.3	   10.6	   11.1	   11.1	  
natural gas/LNG	   63.4	   62.0	   63.2	   59.0	   55.6	   57.1	   58.3	   58.3	  
fuel oil	    -	   - 	   - 	   - 	   - 	   - 	   - 	    -	  
diesel	    -	   - 	   - 	   - 	   - 	   - 	   - 	    -	  
lignite	   9.4	   8.8	   8.3	   7.8	   7.4	   7.0	   6.6	   6.6	  
import. Coal	   9.9	   11.2	   10.7	   15.0	   18.7	   17.6	   16.7	   16.7	  
renewable	   1.3	   1.4	   1.3	   1.3	   1.2	   1.1	   1.1	   1.1	  
small power producers	   6.4	   7.0	   6.7	   6.3	   6.0	   5.7	   5.4	   5.4	  
very small power producers	   0.3	   0.3	   0.4	   0.4	   0.4	   0.5	   0.5	   0.5	  
EGAT TNBa (imports)	   0.4	   0.5	   0.5	   0.4	   0.4	   0.4	   0.4	   0.4	  
Source: EPPO (2012, 83). Note: Due to typical planning and realisation periods, generation from nuclear 
plants is expected not to take place within the period analysed. 
a Note: Transnational connection with Malaysian Provider Tenaga Nasional Berhad (TNB). 
b Note: Lacking other forecasts, we used 2019 figures as assumption for the period 2020-2030. 

Figure 7 shows saved energy import costs by energy carrier in billion EUR. In 2030, the 
largest share of energy import cost savings stems from oil and petroleum products 
(62%). Gas and coal import costs are also significantly reduced due to a large amount of 
electricity savings. 

Figure 7 Energy import cost savings per year and energy carrier (bn EUR) 

Note: for petroleum products, electricity and renewables, estimated figures are too small to be visible in 
the graph 

In 2012, total Thai energy import expenditures amounted to about 34.2 billion EUR 
(1,375tn THB) (EPPO 2013). This means, 12% of GDP is already spent on energy im-
ports. Based on GDP extrapolations from the EEAP (Ministry of Energy 2013), the –––– 
9 For the conversion of end-use electricity to primary energy, a conversion factor of 2.5 has been applied. This factor 

results from average Thai electricity generation efficiency of about 40% (Enerdata 2014). 
10 In practice, reductions in energy demand may impact the relative share of energy products (and the power plant 

loading order), as well as line losses (operating at capacity vs. below capacity). These effects can have significant 
impacts on greenhouse gas emissions, but cannot be treated here. 
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share is expected to rise to almost 20% of GDP in 2030.11 The EEAP may limit rising 
energy demand and thus reduce import expenditure shares to about 16% in 2030. 
Hence, the import dependency decreases significantly relative to BAU. According to our 
analysis, realising the overall EEAP energy savings may save the Thai economy around 
4% of its projected 2030 GDP due to saved energy import costs (Figure 8). 

Figure 8 Energy import expenses as share of GDP 

If global energy prices will rise at a higher (lower) annual rate than the assumed nomi-
nal 2%, eg. by 3% (1%), the picture may look differently: While in the BAU scenario, the 
GDP share of energy import expenses may rise to about 25% (17%) in 2030, the this 
may be reduced by the EEAP to about 19% (13%), a reduction of about 6 (4) percentage 
points. 

3.3. Energy efficiency investments 

Energy efficiency gains and energy savings result from investments into more efficient 
technologies. Therefore, most impact assessments of energy savings report the imple-
mented energy efficiency measures, the induced investments and the resulting energy 
savings. This was not the case for the EEAP and we had to draw on a different ap-
proach. 
In the energy efficiency literature, the so-called cost of saved energy is often used as an 
indicator comparing different measures. The most common indicator are levelized 
costs of saved energy, defined as the present value of investment costs of technologies 
(I) divided by total lifecycle energy savings. First-year costs of saved energy (CSE1st, see 
e.g. Molina, 2014, 7), differ only in the denumerator, which  contains first-year energy 
savings (Sannual). 
 

(4) 𝐶𝑆𝐸!!" = !
!!""#!$

    ⇔     𝐼 = !"#!!"

!!""#!$
 

As data for private sector investments into energy efficient technologies were not avail-
able for the Thai EEDP and EEAP, the investments had to be inferred from savings by 
backward induction, i.e. the investments necessary for realising the energy savings 
were derived from the (first-year) costs of saved energy and annual savings (see eq. 4). 
Programme costs such as financial incentives, tax rebates etc. are not relevant for this –––– 
11 This calculation is based on the assumption of average GDP growth of 4.3% (Ministry of Energy 2013). Estimates 

expect import expenses to rise from 34.2 billion EUR (1.4tn THB) in 2013 (EPPO 2013) to more than 120 billion 
EUR (5tn THB) in 2030 and are close to the forecast of IEA (2013). 
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calculation. We have used the figures on cost of saved energy from the best available 
Thai data and the international scientific literature, and estimated typical investment 
per unit energy saved and combined it with the energy savings as expected by the 
EEAP. 
Costs of first year saved energy were derived from the Thai DEDE 30% Subsidy Pro-
gramme12 for the industrial sector, i.e. investment and savings data from actual imple-
mented industrial measures in Thailand. This represents the most reliable data at hand. 
But as the 30% Subsidy Programme only contains industrial energy efficiency 
measures, and that data for other measures is not available for Thailand, the data was 
adjusted for other sectors in addition to industry as follows:  
First-year savings for other sectors were calculated by adjusting the DEDE figures with 
typical sector-cost-relations taken from the international literature (Loughran and Ku-
lick 2004, DEDE 2013; Arimura et al. 2009; Auffhammer et al. 2008; Friedrich et al. 
2009; Gillingham et al. 2004; Nexant 2003, 2012; UNU 1991a, 1991b; Vongsoasup et 
al. 2004; WEC 2013; details see table 3). The data from literature indicated lower costs 
of saved energy for thermal (th) than for electricity (el) measures, which is consistent 
with the generally found higher costs of electricity supply compared to fuel supply. Fur-
thermore, CSEthtransportation was found to be higher than other thermal costs. Residential 
CSEthresidential	  and commercial CSEthcommercial costs are expected to be between these val-
ues. Literature analyses indicated higher costs for saving electricity CSEel. Costs of 
saved energy for commercial CSEelcommercial and industrial CSEelindustry measures were 
found to have lower costs compared to the residential sector CSEelresidential. In order to 
allow a comparison with the Thai data, the CSE were adjusted for currency as well as 
inflation and in several cases converted to ktoe (CSEth) and kWh (CSEel).13 Although all 
data was adjusted to 2011 values by consumer price indices, the derived CSE data 
should be regarded as only preliminary estimations for Thailand.14 Considering the 
available data, this approach was the most reliable way to assess energy efficiency in-
vestments in Thailand. Table 4 shows the values of the lifecycle CSE as well as the in-
ferred investment costs per first-year savings for Thailand. 

–––– 
12 Energy efficiency subsidy programme in Thai industrial sector. Data on 428 energy efficiency measures are available 

to the authors. 
13 For currency adjustment, the following exchange rates were used: 1 U.S. Dollar = 31.218 THB; 1 EURO = 40.186 

THB (July 06th, 2013 from Bankenverband (2013)). For energy unit conversion, conversion factors of Quasching 
(2013) were used. 

14 The external validity of non-Thai CSE values (i.e. their transferability) is questionable but the best approach at hand. 
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Table 4 Cost of saved energy and calculated investments per first-year savings 

sector Mean lifecycle CSE 
Lifecycle CSE 

based on DEDE 30% 
subsidy programme 

Inferred investment 
costs per first-year 

savings Thailand 
electricity EUR/kWh 

(THB/kWh) 
EUR/kWh 

(THB/kWh) 
EUR/kWh 

(THB/kWh) 
residential 0.08123 

(3.18)  0.82 
(30.92) 

industry 0.013 
(0.57) 

0.034 
(1.05) 

0.216 
(8.40) 

commercial 0.013 
(0.41)  0.15 

(6.16) 

thermal EUR/ktoe 
(THB/ktoe)  EUR/ktoe 

(THB/ktoe) 
industry 96,2235 

(3,866,820)  608,587 
(24,456,675) 

transport 121,8835 
(4,897,972)  770,877 

(30,978,454)  
residential   662,055 

(26,605,331) 

commercial   662,055 
(26,605,331) 

Sources: 1 Loughran and Kulick (2004), 2 Auffhammer et al. (2008), 3 UNU (1991a), 4 DEDE (2013), 5 
UNU (1991b), 6 Nexant (2003, 2012). For the calculation of inferred first-year investment costs were used 
additionally Arimura et al. (2009), Friedrich et al. (2009), Gillingham et al. (2004), Vongsoasup et al. 
(2004), WEC (2013). 

As shown in equation (5), yearly investment figures per sector Is were estimated by 
multiplying first-year costs of saved energy CSE1st with respective savings from the 
EEAP, electricity savings (∆𝑞!"#) as well as thermal savings (∆𝑞!!!) per sector and year15: 

(5) 𝐼!(𝑡) = 𝐶𝑆𝐸!"#!!"×  ∆𝑞!"#(𝑡) + 𝐶𝑆𝐸!!!!!"×  ∆𝑞!!!(𝑡)  

CSE values in the literature vary widely because of different measures, sectors and 
countries analysed. Due to the uncertainty associated with the CSE figures inferred for 
Thailand (see table 4), three scenarios were considered for calculating the induced 
EEAP investments: an average scenario, a low and high scenario deviating by ±30% 
from the average scenario representing the large variance in CSE estimations from the 
literature. Figure 9 illustrates the expected annual investments resulting from the 
EEAP from 2011 to 2030 including the uncertainty corridor of ±30%.  
Energy savings projected by the EEAP vary over time. Consequently, after a start-up 
period until 2014, the investments estimated to be necessary for realising those savings 
oscillate accordingly. The calculation yields energy efficiency investments of about 4.9 
billion EUR (200bn THB) in 2030 in the average case ranging from 3.4-6.3 billion EUR 
(136-253bn THB) in the ±30% uncertainty corridor. Investments from 2011 to 2030 
total about 42 to 77 billion EUR (1.7 to 3.1tn THB). Estimated energy efficiency invest-
ments are between 2.5 and 5 billion EUR annually (100 to 200bn THB/year) from 2014 
onwards.  

–––– 
15 Note: This approach calculates additional investments in energy efficiency, irrespective of the financing source. The 

investments may either come from other sectors, crowding-out alternative investments or be additional if funded e.g. 
by additional credit programmes. 



Wuppertal Institut | 16 

Figure 9 Induced energy efficiency investments per year (bn EUR) 

Note: The shaded area depicts an uncertainty corridor of ±30%  

3.4. Employment effects 

A rough estimation of direct employment effects as a consequence of EEAP-induced 
economic stimulus resulting from investments in the energy efficiency goods and ser-
vices has been conducted using Thai statistics of sectoral turnover and employment 
(NESDB 2013; Bank of Thailand 2013b). The following description and equation (6) 
explain the simplified approach followed here for assessing direct employment effects 
as a result of the induced energy efficiency investments. Due to the limited model com-
plexity, the resulting employment figures should be interpreted as first rough estima-
tions. As additional energy efficiency investments trigger turnover in the economic sec-
tors providing energy efficiency goods and services, employment in these sectors will be 
stimulated. In order to derive employment effects from additional sectoral turnover, 
labour intensity by sector s in Thailand has been calculated first (see Table 4). The data 
stems from Bank of Thailand (2013a, 2013b) (labour force survey) and NESDB (2013) 
(GDP) . 

(6) 𝑙! =
!!

!"#!
 

If the investment data estimated in the previous section are an indicator of additional 
turnover, and if the target sectors of these investments and the labour intensities are 
known, the product of investment data and labour intensities represent an indicator of 
direct employment effects.  

Table 5 Employment, GDP and labour intensity per sector 2012 

 Sector	  
 

Employment	  
(1000 pers.)	  

GDP	  
(Mio EUR)	  

% of labour 
force	  

% of GDP	  
 

Labour 	  
intensity	  

residential	   253	   276	   0.65%	   0.10%	   915.94	  
industry	   8,122	   123,314	   20.86%	   43.56%	   65.86	  
commercial	   10,369	   72,887	   26.63%	   27.65%	   142.26	  
transport	   926	   14,748	   2.38%	   5.21%	   62.78	  
agriculture	   15,434	   34,732	   39.63%	   12.27%	   444.36	  

public	   2,915	   25,415	   7.49%	   8.98%	   114.68	  

total	   38,018	   271,373	   98%	   98%	    
Source: Own calculations based on data from Bank of Thailand (2013a, 2013b), NESDB (2013). 
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To the amount that energy efficiency technology is imported and not produced within 
the country, additional turnover (and employment) will be induced in the exterior. 
However, as the domestic and foreign investment shares of the target sectors αs are not 
known, Thai energy market experts of GIZ were interviewed. Based on these expert 
recommendations sectoral investment (Is) allocation has been assumed: αind = 40% to 
Thai industry, αcom = 30% into Thai commercial sector and αfor = 30% to foreign pro-
viders. The resulting foreign effect is not included in the following figures. These addi-
tional sector-wide investments were combined with sectoral labour intensities ls.	  The 
labour intensity indicates the number of employees needed for generating turnover. 
Whereas the commercial sector requires about 142 employees to generate one million 
EUR, the industrial sector only needs 66 employees. The employment effect per sector 
is then 

(7) 𝐿! = 𝐼𝛼!𝑙! 

and the total employment effect by year t across all sectors S (industry, commercial) is 

(8) 𝐿(𝑡) = 𝐼×𝛼!(𝑡)×𝑙!(𝑡)!
!!!  

On the basis of estimated investments (including ±30% uncertainty, see previous sec-
tion), assumptions and labour intensities, employment effects for the industrial and 
commercial sectors were calculated. In 2030, if energy savings are realised as project-
ed, there may be an expected increase in employment in the range of approximately 
230 to 430 thousand employees (Figure 10). Due to increasing energy efficiency in-
vestments from 2011 to 2030, the linear employment trend is positive as indicated by a 
simple least-squares-fitted line of the average effect. However, as indirect effects such 
as the income effect (utilisation of monetary savings from energy efficiency) has not 
been accounted for in the calculation, the resulting employment effect might be even 
more uncertain than depicted here. 

Figure 10 Induced labour market effect (persons/year) 

Note: mean labour market effect with ±30% uncertainty corridor and simple least-squares trend line. 

For the evaluation of more precise and indirect labour market effects, more complex 
methods such as input-output-analysis (IOA) or computable general equilibrium mod-
els (CGE) should be applied in the future (IEA 2014). Such models can assess static 
effects resulting from additional turnover in sectors providing EE goods, financing-
related effects (depending on source of additional investments, potential crowding-out, 
second-round effects (resulting from indirectly affected sectors, especially calculated 
with IOA), price effects of demand reduction and resulting reallocations and substitu-
tions (especially calculated with CGE models), effects from reallocation of energy cost 
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savings to 1) increased energy consumption (direct rebound), 2) into consumption of 
other goods (indirect rebound) or 3) to monetary savings. Altogether, indirect effects 
are substantial and may even outweigh direct effects. For a more thorough estimation, 
they should therefore be accounted for in future evaluations. A general overview on 
labour market effects of energy efficiency investments can be found in e.g. IEA (2014), 
Bell (2011) and Schneck et al. (2010). 

3.5. Effect on governmental budget 

The total effect on the public budget is the sum of various positive and negative effects 
resulting from changing tax revenues and expenses (see as well Figure 2). The following 
sections briefly describe the five effects estimated in this study, additional information 
is provided in the annex.16 
Corporate and value added tax revenues 
Additional energy efficiency investments lead to increased turnover in the economy, 
which results in increasing corporate and value added tax (VAT) revenues (The Reve-
nue Department 2013a, 2014). The estimation of corporate tax effects builds on the 
estimation of additional energy efficiency investments and increased turnovers in the 
economy, which results in increasing corporate revenues that are being taxed. Thai 
corporate tax rates vary from 10% (for international banks, foreign company profit re-
patriation) to over 15% (small companies) to 25% for stock-listed companies (see annex 
for an overview).  
Corporate tax rates are not average, but rates on net profits after deduction of deprecia-
tions and other allowances. For deriving additional tax revenues from additional turno-
ver, either detailed statistics on the Thai business structure would be needed (which 
were not available) or average tax rates. Therefore, we chose a simple approach in order 
to estimate this expectedly positive revenue effect on governmental budget for this 
analysis: The average tax quota τcorp was derived from the turnover of the industrial, 
commercial and transport sector (obtained from statistics of NESDB (2011)) and from 
corporate tax revenues from these sectors (obtained from the Revenue Department 
2013) with the most recent data available (2010-2012). 

(9) 𝜏!"#$!"!#$ = !
!

!!"#$(!)
!"#(!)

!"#!
!!!"#"  

The average calculated Thai corporate tax quota for all sectors for the years 2010-2012 
was 6.5% of total revenues. The VAT rate is at 7% (The Revenue Department 2014), we 
therefore used an overall average rate for corporate taxes and VAT of τcorp+VAT = 13,5%. 
Increasing tax revenues due to the EEAP were thus estimated as the tax income on ad-
ditional revenues (investment, I). 

(10) 𝑇!"#$!!"#(𝑡) = 𝐼(𝑡)×𝜏 

The expected additional tax revenues amount to 460-850 million EUR (18-34bn THB) 
in 2030 (uncertainty due to uncertain additional investment/turnover). 
Income tax revenues and expenses for unemployment benefits 
Positive developments of employment figures affect the governmental budget twofold: 
by increasing personal income tax revenues and by decreasing government spending on 
unemployment schemes (decreased social security expenses) (The Revenue Depart-
ment 2013b). Both effects have been roughly evaluated. For the first effect (income 
tax), average income tax payments in the affected sectors were estimated. This top-–––– 
16 Direct policy implementation costs have not been considered in this evaluation. 
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down approach yields more conservative estimates than the bottom-up approach. Fig-
ures on governmental income tax revenues Tt were obtained from the Ministry of Fi-
nance, employment figures (L) from the Bank of Thailand/National Statistical Office 
(Labour force survey) for the years t = 2010-2013. From these figures, average income 
tax revenues per person were calculated. 

(11) 𝑖 = !
!

!!"#$%&(!)
!(!)

!"#!
!!!"#"  

Macroeconomic data yielded average income taxes of 153-175 EUR per year (6,150-
7,030 THB/year). We therefore applied average revenues of 164 EUR per person 
(6,600 THB/person; despite possibly higher taxes in the efficiency field, see figures 
above). For the total income tax effect per year, average income taxes i were multiplied 
with employment effects ΔL. 

(12) 𝑇!"#$%&(𝑡) = 𝛥𝐿(𝑡)×𝑖 

For the second effect, contributions of the national government to social security 
schemes (“social protection”, excl. health schemes; BOT 2013a) were divided by the 
number of persons not in the labour force/potentially receiving payments (NESDB 
2011). Resulting average contributions per person were calculated at 935 EUR per year 
(37,590 THB/year) and multiplied with the positive employment effect. The estimated 
positive outcome (higher income tax revenues and lower social security expenses) totals 
about 140 million EUR (5.5bn THB) in 2030.  
Governmental energy consumption 
If public energy consumption decreases due to the EEAP measures implemented, ener-
gy expenses for the government are also directly reduced. EPPO (2013) states electricity 
consumption by tariff types. Our estimation uses the quantities and prices as stated in 
the MEA/PEA-tariff “Gov. & Non-profit” (EPPO 2013) as a basis. GIZ Thailand esti-
mated the NGO consumption share to be 3% within this tariff. We have therefore as-
sumed a power consumption share by governmental institutions of 97% of this tariff 
classification. If the governmental share of total electricity consumption remains con-
stant over time, the governmental electricity expenditures are expected to decrease by 
250 million EUR per year (10.2bn THB/year) in 2030. Since governmental expenditure 
for other fuels is not considered as respective data was not available, this value repre-
sents a conservative estimate that may be higher in reality. 
Energy subsidies 
A number of cross-subsidies exist in Thailand’s Energy sector. Energy subsidies in this 
study are defined in line with IEA as “any government action directed primarily at the 
energy sector that lowers the cost of energy production, raises the price received by 
energy producers, or lowers the price paid by the consumers” (IEA 2014b). In the sub-
sidies guide for Thailand, the IISD (2013) mentions that “the main inputs to Thailand’s 
electricity generation – natural gas and lignite – may also be provided at below-market 
rates.” For other energy carriers, the existence of subsidies is indicated but detailed 
figures are not shown for all carriers and the unavailability of data is mentioned (IISD 
2013). We therefore draw on IEA data from the 2014 World Energy Outlook (2014b), 
which is based on a price-gap approach “involving a comparison between national pric-
es and international benchmarks” (IEA 2014b, 316) in order to calculate national and 
global energy subsidies. For further information on the methodology vis-à-vis IEA’s 
calculation of subsidies, see IEA (2014b, 313). The IEA lists average energy subsidies 
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(expressed as a proportion of the full cost of supply) in Thailand of 6.7% and total sub-
sidy values by energy carriers (oil, gas, coal and electricity).17  
From total energy costs calculated above and the IEA-figures, we derived subsidy rates 
by energy carriers for the year 2013. We then calculated three scenarios: 1) a constant 
rate scenario assuming constant subsidy rates until 2030 (high scenario), 2) a phase-
out scenario assuming a linear phase-out of subsidy rates until 2030 and 3) an average 
scenario with rates declining to half of the 2013-rates until 2030 (see Table 6).  
As in many low and middle-income countries, Thailand partially subsidises energy to 
support low-income households spending a relatively large share of their disposable 
income on energy. A complete phase-out of subsidies seems not likely due to strong 
public opposition. On the other hand, with rising energy demand over time, maintain-
ing subsidies at current levels would continuously increase financial pressure on public 
budgets. A scenario between these two extremes seems therefore most realistic. 

Table 6 Subsidy scenario overview (subsidies in % of end-use energy prices) 

   2030 scenarios  

Energy carrier 2013 phase-out average constant rate 

Oil 7.4 0 3.7 7.4 

Gas 11.8 0 5.9 11.8 

Coal 22.8 0 11.4 22.8 

Electricity 1.3 0 0.7 1.3 
Source: own calculations based on IEA (2014b). 

The derived subsidy rates are multiplied with the above-calculated energy cost reduc-
tions in order to obtain the avoided total subsidy costs. Consequently, the three scenar-
ios yield very different levels of avoided subsidies in the year 2030: 1) if subsidy rates 
remained at current levels, avoided subsidies would amount to 1.9 billion EUR (78bn 
THB), 2) if subsidies were completely phased out until 2030, avoided subsidies would 
then accordingly be 0 (although, in previous years, when the phase-out is not yet com-
plete, subsidy savings would occur) and 3) if rates were at intermediate levels, 2030-
subsidy savings would be at 1 billion EUR (39bn THB). 
Energy taxes 
Decreasing energy sales reduce energy tax revenues. With regard to this effect we have 
to remark that typically, foregone tax revenues are not included in evaluations. We took 
this approach here to provide an encompassing picture. Effects were estimated based 
on all available data on Thai energy price structures and respective energy taxes (DEDE 
2013; EPPO 2013; APEC 2012). Lower energy tax revenues due to reduced energy de-
mand constitute the most negative effect on the governmental budget, with petroleum 
product savings having the largest effect. Overall foregone tax revenues (excise tax and 
municipality tax) are approximately 1.8 billion EUR (72bn THB) in 2030.  
Net effect on governmental budget 
Due to the limited data availability, the absolute level of the total effect on governmen-
tal budget is not very reliable and should rather be regarded as a directional indicator 
in consideration of all assumptions. Equation (13) below illustrates the calculation of 
the net effect on governmental budget by aggregating the individual effects discussed in 
the previous sections. –––– 
17 In a previous version of this paper (Suerkemper et al. 2014), we used data from World Energy Outlook 2013. Note 

that IEA has revised Thai subsidy figures for the years 2011-2012 substantially and published new data for 2013 in 
the 2014 World Energy Outlook (IEA 2014b). For this study, this led to a downward revision of subsidy figures by 
about 2/3. 
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(13) ∆𝑐!" 𝑡 = ∆𝑇!"# 𝑡 + ∆𝑐!" 𝑡 + ∆𝑠 𝑡 + 𝑇!"#$ 𝑡 + 𝑇!"#$%& 𝑡  

with   
ΔcGB net effect on governmental budget 
ΔTFED foregone energy tax revenue 
Δcel cost reduction governmental energy consumption 
Δs subsidy cost reduction 

Tcorp additional corporate tax and VAT revenue 
Tincome additional income tax revenue and reduced social 

security expenses 
t year 

 
The expected average net effect in 2030 on the governmental budget induced by the 
EEAP is with +0.22 billion EUR positive (Figure 11). Taking into account major uncer-
tainties, a wide range of -1 to +1.4 billion EUR (-40 to +57bn THB) seems possible in 
2030 (Figure 12). The large range of the results indicates the high uncertainty of the 
overall impact of the EEAP on the Thai governmental budget. However, as many effects 
are calculated conservatively in this study, and especially the largest effect of avoided 
subsidy costs may be very substantial, a positive net effect is likely. 
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Figure 11 Composition of total effect on governmental budget in 2030 (average val-
ues) 

Figure 12 Effects on governmental budget (with uncertainty in investment and import 
subsidies) 

3.6. Summary of results 

The implementation of the EEAP has various effects on the Thai economy. The ex-ante 
quantified effects in this report are summarised in Table 6 including the low, average 
and high scenarios for the investment, employment and governmental budget effects. 
By 2030, the plan is expected to lead to total energy cost reductions for consumers in 
Thailand of more than 37.7 billion EUR (1.5tn THB) relative to the BAU scenario, alt-
hough there are many uncertainties as to many economy-wide effects that are yet to be 
investigated by more complex methods. Energy cost savings will be highest in the 
transport and industry sectors. Due to the high dependency on energy imports, the 
EEAP will also result in substantial energy import cost savings of more than 25 billion 
EUR (1tn THB). In 2030, the largest share of energy import cost savings stems from oil 
and petroleum products, but gas and coal import costs are also significantly reduced 
due to the large amount of electricity savings. Another important direct effect is the 
reduction of GHG emissions by 133 Mt/year in 2030, mainly achieved by energy effi-
ciency measures targeting electricity and oil consumption. The investments in energy 
efficiency, which will be generated through the implementation of the EEAP, will create 
additional employment in the Thai economy of approximately 230 to 430 thousand 
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employees in 2030. The overall impact of the plan on the Thai governmental budget 
through several positive and negative effects will be positive, if there are substantial 
energy subsidies. By the year 2030, if subsidies are at half of today’s rates, the total 
budget relief is calculated around 0.22 billion EUR (8.6bn THB).  

Table 7 Summary of cumulated calculated EEAP effects in 2030 

   Impact in 2030  

Effect unit low high average 

Energy cost savings (con-
sumer perspective) 

bn EUR/yr  
(bn THB/yr)   total 37.70 

(1,515) 

Agriculture    2.49 
(100) 

Transport    15.22 
(612) 

Commercial    3.22 
(129) 

Industry    12.04 
(484) 

Residential    4,72 
(190) 

Savings on energy import 
costs 

bn EUR/yr 
(bn THB/yr)    25.53 

(1,026) 

Avoided CO2 emissions Mt CO2/yr   133 

Induced energy efficiency 
investments 

bn EUR/yr 
(bn THB/yr) 

3.40a 
(137) 

6.32a 
(254) 

4.86a 
(195) 

Employment effect (total) 1000 employees 235 436 335 

Commercial  145 270 207 

Industry  90 166 128 

Governmental budget effect 
(total) 

bn EUR/yr 
(bn THB/yr) 

-0.99 
(-39.9) 

1.42 
(57.2) 

0.22 
(8.6) 

Corporate tax  0.46 
(18.4) 

0.66 
(26.4) 

0.85 
(34.3) 

Energy taxes  -1.80 
(-72.4) 

-1.80 
(-72.4) 

-1.80 
(-72.4) 

Income tax  0.04 
(1.6) 

0.07 
(2.9) 

0.06 
(2.2) 

Social security expenses  0.06 
(2.3) 

0.11 
(4.3) 

0.08 
(3.3) 

Governmental energy con-
sumption  0.25 

(10.2) 
0.25 
(10.2) 

0.25 
(10.2) 

Energy subsidies  0 
(0) 

0.97 
(39.0) 

1.94 
(78.0) 

a Note: investments are not cumulated, but additional investments per year in 2030. 

4. Discussion of results 

Ex-ante evaluations involve forecasting of a large variety of indicators, assessment of 
developments and extrapolation of data. Evaluation results depend on the combination 
and processing of this data. Consequently, the quality and reliability of the results de-
pend on the data forecasting exercise. In general, Thailand does not have a “single na-
tional champion for energy efficiency” (Foran et al. 2010). Consequently, the current 
data base on efficiency measures, their savings potentials and costs in Thailand is very 
limited which is as well due to the incentive structure in the electricity generation sec-
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tor and consequent limited interest of the utilities in energy efficiency (Foran et al. 
2010).18  
In addition, the assessability of the reliability in turn depends on the transparency of 
the assumptions made. Therefore, this section briefly summarises the most important 
assumptions of the evaluation, important issues of the chosen methodological ap-
proaches and concerns with respect to the indicators evaluated. 
Energy cost savings and import cost savings are largely dependent on the development 
of energy (import) prices. We built our analysis on existing price development assump-
tions and remained well below average Thai CPI developments of the last decade. This 
should yield rather conservative results for energy cost savings and reduced import 
costs. 
For a precise evaluation of investment and employment effects, a complex macro-
economic model would be needed, e.g. a computable general equilibrium model, or an 
input-output-analysis. This was not possible within this study. Therefore, our results of 
investment and employment effects present first indications, which are, however, based 
on the best alternative methods available. There are two main uncertainties in the anal-
ysis: uncertainty about the level of investments and about the level and future devel-
opment of energy subsidies. The first affects the employment effect and both uncertain-
ties have an impact on the estimated size of the governmental budget effect. In order to 
account for the uncertainty in the results, we calculated a high and low scenario of 
±30% around average investment cost values derived from the literature (see invest-
ment section) and calculated three scenarios for the future development of energy sub-
sidies. These sceanrios are included in the uncertainty analysis of the overall effect on 
governmental budget. Therefore, the uncertainty spread of the overall budget effect is 
large.  
Taxation issues are particularly challenging to handle in an emerging country environ-
ment with scarce data availability. We decided to use top-down calculations for average 
tax rates to apply a consistent approach with the same data bases yielding more con-
servative results. Due to the many data issues, the absolute (average) level of the total 
effect on governmental budget is not very reliable and should rather be regarded as a 
directional indicator in consideration of all (conservative) assumptions taken. In addi-
tion, the phasing-out of subsidies, leads to a smaller budget impact of energy efficiency 
measures through reduced energy tax revenues. On the other hand, from a treasury 
perspective, a larger subsidy reduction leads to lower subsidy payments. This budget 
relief effect is not included the respective scenario calculations as it is independent of 
the EEAP.  

5. Conclusion  

This paper presents an analytical framework for a first ex-ante evaluation of the effects 
that a successful implementation of the Thai EEAP would have for Thailand’s economy. 
Starting from the 20% energy savings stated in the EEAP, we find that 37.7 billion EUR 
of final energy expenditures can be avoided by 2030, corresponding to a 20% reduction 
of overall BAU energy costs. Moreover, the energy savings will significantly decrease 
the import dependency and reduce the energy import costs of Thailand by more than 
25 billion EUR in the future. Another important direct effect of the EEAP is a signifi-
cant reduction of GHG emissions by 133 Mt/year in 2030. In addition, private invest-
ment in energy efficiency will be generated through the implementation of the plan, 
which in turn creates additional employment in Thailand of approximately 230 to 430 –––– 
18 Greacen & Greacen (2012) discuss how Thai utlities can be incentivised to promote energy efficiency. 
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thousand employees in the energy efficiency sector in 2030. There is some uncertainty 
regarding the overall impact of the plan on the Thai governmental budget due to the 
different effects on corporate and income tax revenues, expenses for unemployment 
benefits, governmental energy consumption, expenses for energy import subsidies and 
energy tax income. The average expected effect is positive with around 0.22 billion 
EUR.  
In summary, the evaluation results show that the key energy challenges for Thailand 
(energy supply security in terms of dependency on energy imports, continuously in-
creasing energy costs, as well as increasing pollution and GHG emissions) could be ad-
dressed effectively through the achievement of the forecasted energy savings. 

This study has also turned up several issues in need of further investigation and a num-
ber of limitations. The most important constraint is the limited availability of Thai data 
for the evaluation of several benefits. Therefore, we had to make respective assump-
tions or use data from international literature. In particular, more bottom-up cost data 
of energy efficiency technologies would help to calculate the induced energy efficiency 
investment and employment effects more accurately. Considerably more work is also 
due for the assessment of the EEAP-effect on employment. In order to also account for 
indirect effects on employment, more complex models such as input-output-analysis or 
computable general equilibrium models could be applied in the future.  
Even if there are uncertainties in the evaluation results, the findings of this study have a 
number of important implications for future energy policy in Thailand. The key chal-
lenge for policy makers will be to actually realise the level of energy savings in the 
EEAP in order to achieve the full range of benefits for the economy and society. All reg-
ulations and policies included in the EEAP should be implemented effectively and in 
the near future, which will require close collaboration between all relevant Thai gov-
ernmental institutions. At the same time, the policy measures will need to be accurately 
and comprehensively monitored and evaluated to allow for corrections of undesirable 
developments. Therefore, the establishment of a monitoring and evaluation system for 
energy efficiency allowing an intermediate and ex-post evaluation of the EEAP is an 
important task that should be paid attention to in Thailand. All of these activities 
should be accompanied by broad information campaigns for the public, high-quality 
education in the field of energy efficiency and capacity building activities for stakehold-
ers in order to make the energy savings and the associated benefits in Thailand reality 
in the future. 
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