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Overview
[bookmark: _GoBack]Singapore is currently on course for full market liberalization on its domestic electricity needs. This means that by 2018, all residential consumers will have a choice in switching to different retailers offering pricing plans that suit their needs. In addition, there are also existing energy efficiency labelling and performance standard schemes which will see further expansion in both their scope and outreach. In the light of these changes, it is important to provide reliable estimates on how price, income, and demographics, and geographical distributions have on domestic electricity demand have evolved in recent years. 
This paper attempts to construct multiple explanatory models for Singapore’s household electricity demand, with an eye not only to determine elasticities over a single time period, but also to understand how changes in recent elasticities over time may shed some light on expectations for future demand and electricity savings. In addition, the rebound phenomonenon will be discussed in Singapore’s context. Recently released macroeconomic panel data from the Energy Market Authority (EMA) will be utilized for this study. 
Methods
 The one-way Fixed Effects (FE), Random Effects (RE) and the Fully Modified Least Squares (FMOLS) estimators [1] are used to model household electricity demand (Eit) separately across i) 6 dwelling types and ii) 29 geographical regions across the nation-state. Annual data over 10 years for residential electricity price (Pt), household size (Hit), real income (Iit), and lagged electricity (Eit-1) are used as regressors to model across dwelling types. In addition, a time dummy representing the 2008 recession (DumRect), as well as a structural break dummy representing the implementation of the mandatory energy performance standards (MEPS) in 2011 (DumEE) are used as required. Information about It and Ht are not available across geographical locations, and hence are not explicitly modelled.
        The constructed models are diagnostically checked for statistical validity, compared across models, and subsequently used to single out reasonable elasticity estimates suitable to be used for policy makers. All estimations are done with the statistical software Eviews. In addition, real electricity prices are decomposed and tested on selected models to check if asymmetric price response is present and discuss the possible implications of rebound effect for Singapore.
Results for Selected Models
        As indicated in table 1 and 2 across 12 symmetric models, the estimated price elasticities across dwelling types fall between -0.07 to -0.11. Income elasticities vary between 0.12 to 0.19. With respect to the panel estimation across districts, the price elasticities are between -0.05 and -0.12. These elasticities are hence inelastic, and are within previous estimates for Singapore [2][3]. The implementation of the MEPS, in conduction with other energy efficiency initiatives, are estimated to have led to a reduction in 4-6% of electricity demand from 2005 to 2014.. 

        Employing the rolling regression across three 8-year periods between 2005-2014 suggest that elasticity coefficients for all included determinants are only stable for the FMOLS models, where both Pt and It show consistently decreasing trends over time, and that Eit-1 and Hit are consistently increasing towards long-run elasticities. 

         Decomposing electricity prices based on Wolfram and Gately’s methods yield results of elasticities with signs that do not conform to expectations for most of the stated models.  However, simply including only the price increase and price decrease components under gately’s decomposition provide some evidence of price asymmetry, while inflating the coefficients for Et-1 and price elasticities as compared to the symmetric model, as illustrated below comparing model (6) and (7).




          
	
	One Way FE Cross Section
	FMOLS

	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)a
	(6a)

	Log(Et-1)
	1 lag
	1 lag
	1 lag
	1 lag
	1 lag
	1 lag
	1 lag

	Log(Pt)
	-0.106***
	-0.089***
	-0.071*
	-0.101***
	-0.090**
	-0.050**
	PInc= -0.261***
Pdec= -0.123***

	Log(Iit)
	N.A.
	0.154***
	N.A.
	0.181***
	0.126***
	0.174***
	0.158***

	Log(Hit)
	0.148***
	0.230***
	0.148***
	0.315**
	0.535***
	0.330***
	0.244***

	DumRect
	0.016***
	0.029***
	-0.209***
	Yes
	-0.035***
	Yes
	Yes

	@trend
	Quadratic
	No
	Linear
	Yes
	No
	No
	No

	DumEE
	-0.045***
	-0.051***
	-0.0448***
	Yes
	-0.059***
	Yes
	Yes


Table 1: Panel Regression across 7 Dwelling Types      aDummy variables modelled as cointegrating regressors
	
	One-Way Cross Section  FE
	One-Way Cross Section RE 
	FMOLS

	
	(7)
	(8)
	(9)
	(10)
	(11)
	(12)

	Log(Et-1)
	1 lag
	2 lag
	3 lag
	1 lag
	1 lag
	1 lag

	Log(Pt)
	-0.088***
	-0.065***
	-0.094***
	-0.069***
	-0.117***
	-0.064***

	DumRect
	-0.021***
	-0.028***
	-0.042***
	-0.049***
	Yes
	Yes

	@trend
	No
	No
	Linear
	Linear and Quadratic
	Linear
	Linear

	DumEE
	No
	No
	No
	Yes
	No
	Yes


Table 2: Panel Regression across 29 districts
Conclusions
       The price and income elasticities estimated are all significant, but inelastic. Furthermore, the FMOLs method yields more consistent and expected results for the explanatory variables, where coefficients decrease and converge to long-run equilibrium. This suggests that FMOLS should be the preferred specification when it comes to policy making at least in Singapore’s context. These trends point towards saturation of energy services, and also the rationale that as an economy progresses, its residents get richer and respond less to changes in price and income which is due to lifestyle adjustments as share of energy expenditure over total spending decreases over time. As such, electricity conservation efforts in the future may yield lower reduction without employing behavioural methods that move away from dependence on consumer responsiveness towards prices and income. 
       Price asymmetry seem to be present, but has to be further tested before being used more frequently as it inflates price elasticity estimates quite significantly. With reference to the symmetric models, electricity savings are expected to fall within 4-6% in the future. Realistic estimates for the rebound effect in Singapore, averaged across the specified models, should probably not exceed 8% for domestic electricity consumption.
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