
http://www.wspgroup.com/




https://www.ema.gov.sg/cmsmedia/Version%202%203%20-%20Vesting%20Contract%20Procedures_updated.pdf
https://www.ema.gov.sg/cmsmedia/Version%202%203%20-%20Vesting%20Contract%20Procedures_updated.pdf


ii 
 

 

CONTENTS 
EXECUTIVE SUMMARY I 

1 INTRODUCTION 1 

1.1 Terms of reference 1 
1.2 Financial parameters 1 
1.3 EMA determined parameters 2 
1.4 Disclaimer 2 

2 PERFORMANCE PARAMETERS 3 

2.1 National Electricity Market of Singapore 3 
2.2 Generation technology 4 
2.3 Thermodynamic modelling 5 
2.4 Capacity per generating unit 6 
2.4.1 Adjustment for degradation 7 
2.4.2 Adjustment for gas compression 8 
2.5 Heat rate of the generating unit 11 
2.5.1 Adjustment for degradation 11 
2.5.2 Adjustment for part load factor 11 
2.5.3 Adjustment for starts gas usage 12 
2.5.4 Adjustment for gas compression 13 

3 CAPITAL COST 14 

3.1 Introduction 14 
3.2 Method of assessment 15 
3.3 Initial plant capital cost 18 
3.4 Through-life capital costs 19 
3.5 Land and site preparation cost 20 
3.6 Connection cost 21 
3.6.1 Electrical connection cost 21 
3.6.2 Gas connection cost 22 
3.7 Owner's costs after Financial Close 22 



iii 
 
 

 

3.8 Owner's costs prior to Financial Close 23 

4 OPERATING COST 25 

4.1 Fixed annual running cost 25 
4.1.1 O&M manning and head office services cost 25 
4.1.2 Starts impact on turbine maintenance costs 26 
4.1.3 Distillate usage impact on turbine maintenance 26 
4.1.4 EMA licence (fixed) fees 27 
4.1.5 Working capital costs 27 
4.1.6 Emergency fuel usage 27 
4.1.7 Property tax 27 
4.1.8 Insurance 28 
4.1.9 Summary and comparison with previous reviews 28 
4.2 Variable non-fuel cost 29 

5 OTHER PARAMETERS 30 

5.1 Build duration 30 
5.2 Economic life 30 
5.3 Average expected utilisation factor 30 

6 RESULTS - VESTING CONTRACT 
PARAMETERS 31 

6.1 Introduction 31 
6.2 Summary of technical parameters 31 
6.3 Calculated LRMC 31 

APPENDIX A 34 

Prescribed Procedure 34 

APPENDIX B 39 

Economic Life 39 

APPENDIX C 40 

Thermodynamic Analysis 40 





v 
 
 

 

 

 

FIGURES 
Figure 2-1: Form of CCGT recoverable and non-recoverable degradation .. 8 
Figure 2-2: Gas compressor power requirements for relevant gas turbine .. 9 
Figure 2-3: Gas network pressure; Networks 1 and 2 .................................. 9 
Figure 2-4: Variation of heat rate to part load factor ................................... 12 
Figure 3-1: Overview of capital cost considered in the review ................... 14 
Figure 3-2: Price trends of power plants (without nuclear): PCCI and 
EPCCI ......................................................................................................... 16 
Figure 3-3: BCA Tender Price Index (2010 = 100) ..................................... 17 
Figure 3-4: MAS Core Index, 2014 = 100 (2010-2016) .............................. 17 
Figure 3-5: Assumed electrical connection configuration ........................... 21 
Figure 4-1: Labour cost and MAS core inflation indices ............................. 26 



vi 

WSP | Parsons Brinckerhoff  

ABBREVIATIONS 

ABBREVIATION DESCRIPTION 

AGC Automated Generation Control 

CCGT Combined Cycle Gas Turbine 

COD Commercial Operation Date 

CPI Consumer Price Index 

EMA Energy Market Authority 

EPC Engineering, Procurement and Construction 

EURO Currency of Eurozone 

GE General Electric 

GJ Giga Joule 

GT Gas Turbine 

HRSG Heat recovery steam generator 

ISO International Organization for Standardization 

kW kilo Watt 

kWh kilo Watt hour 

LRMC Long Run Marginal Cost 

LTSA Long Term Service Agreement 

MAS Monetary Authority of Singapore 

MJ Mega Joule 

MW Mega Watt 

NEMS National Electricity Market of Singapore 

OEM Original equipment manufacturer 

O&M Operation and maintenance 

PB WSP | Parsons Brinckerhoff 

PEACE Plant Engineering And Construction Estimator 

PLF Plant load factor 

psm Per square metre 

RH Relative humidity 

SGD Currency of Singapore 

SPPG Singapore Power Powergrid 

SRMC Short run marginal cost 

ST Steam turbine 

USD Currency of USA 

WACC Weighted average cost of capital 

YoY Year on year 







https://www.ema.gov.sg/Licensees_Electricity_Generation_Company.aspx
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Figure 2-2: Gas compressor power requirements for relevant gas turbine 

 
 

Figure 2-3: Gas network pressure; Networks 1 and 2 

 
Table 2-5: Gas pressure trends 

YEAR 

NETWORK N1, TUAS NETWORK N2, TUAS 

MINIMUM AVERAGE MINIMUM AVERAGE 

PSIG BARG PSIG BARG PSIG BARG PSIG BARG 

2012 547.20 37.73 565.63 39.00 349.02 24.06 510.20 35.18 

2013 558.30 38.49 570.79 39.35 343.65 23.69 508.90 35.09 

2014 277.80 19.15 569.27 39.25 453.28 31.25 548.10 37.79 

2015 560.29 38.63 569.88 39.29 464.31 32.01 561.60 38.72 

2016 557.56 38.44 569.80 39.29 506.69 34.94 558.34 38.50 
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On this basis the calculated average gas compressor auxiliary/parasitic load impact is 0.57 MW 
per unit based on the averaged pressure requirements of the four gas turbine models under 
consideration.  

The resulting net capacity calculation after considering the above factor is given in Table 2-6.  

Table 2-6: Generation capacity of new entrant CCGT units 

PARAMETERS / FACTORS CAPACITY (MW) 

Gross power @ RSC & clean as new 430.68 

Adjustment for auxiliary power - 9.29 

Adjustment for gas compression - 0.57 

Adjustment for degradation - 12.90 

Net Capacity 407.92 
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Figure 2-4: Variation of heat rate to part load factor 

  

In the 2015-2016 review the plant load factor of the new plant was determined from the average 
historical capacity factor of the existing F class plant for the 12 months leading up to the base 
month.  

For consistency with the previous reviews, the actual historic capacity factor for the previous 12 
months is applied. This value has been advised by EMA to be 58.5%.  

The part load factor is to be calculated based on the plant load factor of 58.5%. Applying the 
Available Capacity Factor of 93.2% (i.e. planned and unplanned outage rate is 6.8%) and 
assuming there are no economic shuts or part load conditions, the calculated part load factor is 
58.5% / 93.2% = 62.8%. The apparent part load factor for the plant performance is slightly 
reduced since the registered capacity would only be 98.5% of the nominal capacity. The resulting 
overall part load factor is 61.87% for which the part-load factor for heat rate adjustment would be 
7.27%.  

2.5.3 ADJUSTMENT FOR STARTS GAS USAGE 

An additional adjustment is made to reflect the natural gas used in starts through the year. The 
gas usage for starts is estimated at 10 hours of full-load operating equivalent, or 0.1%. In reviews 
prior to 2010, an additional allowance on account of regulation service is added to the heat rate 
(+0.5%). However, AGC requirement in Singapore is not considered to be materially different from 
other jurisdictions, where minor perturbations of output on account of AGC (for those units in the 
system providing AGC service) or on droop-control are part of normal operations for which no 
specific extra allowance is considered appropriate. Note that the impact of operating the plant at 
part-load on account of the need for regulation and contingency reserve ancillary services is 
already accounted for within the load factor correction.   
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2.5.4 ADJUSTMENT FOR GAS COMPRESSION 

An adjustment is applied to account for the gas compressor auxiliary load. As noted in Section 
2.4, the auxiliary load of the gas compression has an impact on net output and also on net heat 
rate. 

The resulting overall heat rate calculated is given in Table 2-9. 

Table 2-9: Heat rate of new entrant CCGT units 

PARAMETERS / FACTORS HHV HEAT RATE 
(KJ/KWH) 

Net HHV heat rate @ RSC & clean as new 6,855 

Adjustment for degradation 130 

Adjustment for overall part load factor 499 

Adjustment for start gas usage 7 

Adjustment for gas compression 10 

Final HHV heat rate 
7,500 kJ/kWh 

7,108.7 Btu/kWh 
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Table 3-1: Gas Turbine World Handbook budget plant prices for CCGT units, USD/kWISO 

GAS TURBINE UNIT FOR 
A SINGLE SHAFT CCGT 
BLOCK 

VOL. 26 
2007-08 

VOL. 27  
2009 

VOL. 28  
2010 

VOL. 29  
2012 

VOL. 30  
2013 

VOL. 31  
2014-2015 

Frame 9FB 520 551 494 536 572 667 

M701F 529 539 491 533 560 670 

GT26 521 549 497 539 Not listed 675 

SGT5-4000F 521 550 497 Not listed Not listed Not listed 

 

Figure 3-2: Price trends of power plants (without nuclear): PCCI and EPCCI11 

 
 

The apparent local construction costs have decreased from the previous review as reflected by 
the construction material prices and the BCA Tender Price Index. For the mid-term review of 
2015-2016, the index used was for February 2015 at 106.4 (adjusted to base year 2010=100 as 
implemented by BCA in 2015) and the latest value used in this report is 101.0, the February 2016 
quarterly data published. Thus, the adjustment factor applied is 0.95 from the 2015-2016 mid-term 
review. 

For plant machinery and equipment which are outside of the EPC contractor scope, the cost 
estimates have been escalated using the MAS core index which reflects the cost of goods in 
Singapore, excluding accommodation and private road transport. The previous index used in the 
2015-2016 mid-term review was 100.34 (average of 3 months including base month, May 2015) 
and the current value is 101.14 (average of 3 months including base month, May 2016). This 
reflects a small increase of 1.0080.  

                                                      
 
11 IHS Indexes. The PCCI and EPCCI track the costs of building coal, gas, wind and nuclear power plants, 

indexed to year 2000. Data excluding nuclear power plants are used. 
https://www.ihs.com/info/cera/ihsindexes/  
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Figure 3-3: BCA Tender Price Index (2010 = 100) 

 

 

Figure 3-4: MAS Core Index, 2014 = 100 (2010-2016) 

 
 

Table 3-2: Construction Material Market Prices (2010 - Q1 2016) 

VARIABLES UNIT 2010 2011 2012 2013 2014 2015 Q1 2016 

Cement In Bulk (Ordinary 
Portland Cement) S$/ton 89.14 93.78 100.87 100.23 97.93 92.97 87.63 

Steel Bars (16-32 mm High 
Tensile)  S$/ton 833.41 931.26 887.13 766.9 653.9 501.4 416.2 

Granite (20 mm Aggregate)  S$/ton 19.63 21.58 21.26 20.61 22.45 19.71 16.33 

Concreting Sand  S$/ton 28.19 25.96 24.1 22.99 23.25 22.68 20.53 

Ready Mixed Concrete  S$/m3 95.44 108.99 110.23 106.85 111.15 99.47 90.30 

BCA Tender Price Index 
(2010=100) - 100.0 99.7 99.8 104.6 106.8 104.0 101.0 
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Table 3-3: Initial plant capital cost summary and compared with previous reviews (1 unit) 

All figures in million Singapore dollars 

NO. ITEM 2017-2018 2015-2016  
(MID-TERM) 2015-2016 

1 Specialized Equipment 242.377 234.853 214.780 

2 Other Equipment 11.489 11.919 11.389 

3 Civil 31.771 26.728 25.802 

4 Mechanical 37.470 34.395 33.580 

5 Electrical Assembly & 
Wiring 8.906 7.463 7.123 

6 
Buildings & Structures 
(shared except turbine 
hall) 

5.617 10.606 9.717 

7 Engineering & Plant 
Startup 

15.966 21.858 20.074 

8 Contractor's Soft & 
Miscellaneous Costs 76.936 74.209 69.715 

9 Transport Included Included Included 

10 Gas compression 
system 

11.597 12.771 14.831 

11 Cooling water system 6.809 7.174 7.277 

12 Fuel unloading jetty and 
facilities 8.130 8.566 8.690 

13 Fuel tanks 22.814 21.391 21.700 

14 Additional security 
measures 2.618 2.598 2.635 

15 Air filters 0.150 0.149 0.082 

16 Adjustment for 
civil/foundations 5.530 5.826 - 

 
Total initial plant cost 
excl. connection costs  
(1 unit) 

488.180 480.506 447.395 

The initial plant capital cost estimate for this review is approximately 1.6% higher than the 2015-
2016 mid-term review due to an increase in EPC price trend in the market as observed in Table 
3-1 and Figure 3-2.  

Thus, the total initial plant cost is S$488.180 million for one unit or S$976.360 million for two units. 

3.4 THROUGH-LIFE CAPITAL COSTS  

Additional capital costs are incurred through the project's life. Actual costs incurred vary 
considerably and are based on progressive assessments made of plant condition through the 
plant's life. The recommended estimates for this review are given in Table 3-4. 

The maintenance costs incurred for the overhaul cycles of the gas turbine and steam turbine are 
included in the Operating Cost Sections 4.1 and 4.2.  
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on the treatment of fixed machinery in the computation for property tax17. The value of certain 
fixed plant and machinery items must be included within the property valuation when calculating 
property taxes. However an appended list of exemptions exempts most of the principal plant 
items of a combined cycle power plant including turbines, generators, boilers, transformers, 
switchgear etc. To allow for the extra value of the portion of the plant that is included, 10% of the 
cost of the plant is included in the property tax valuation calculation (except where already 
included). The total capital value included in the calculation of property tax is S$279.647 million 
for the power plant which gives an annual payable property tax of S$1.678 million for two units or 
S$0.839 million per unit.  

4.1.8 INSURANCE 

Insurance has been estimated based on 0.5% of the capital cost. This is considered to cover 
property, plant and industrial risks but would not cover business interruption insurance or the cost 
of hedging against plant outages. For this review, the annual insurance cost is S$4.882 million for 
two units or S$2.441 million per unit. 

4.1.9 SUMMARY AND COMPARISON WITH PREVIOUS REVIEWS 

The summary of the various fixed running costs are tabulated in Table 4-2 and a comparison with 
the previous reviews are also captured in the same table.  

Table 4-2: Annual fixed running costs compared with previous reviews (2 units) 

All figures in million Singapore dollars 

NO. REVIEW 2017 - 2018 2015-2016 2013-2014 

1 O&M Manning 5.39 5.37 4.84 

2 Head office services 3.23 3.22 2.91 

3 Fixed maintenance and other operations 17.57 16.11 16.91 

4 Starts impact on turbine maintenance 1.17 1.04 0.94 

5 Distillate usage impact on turbine 
maintenance 0.09 0.078 0.070 

6 EMA license fee (fixed) 0.058 0.058 0.058 

7 Working capital 4.39 13.76 13.60 

8 Emergency fuel usage 0.96 2.20 1.66 

9 Property tax 1.68 1.36 1.34 

10 Insurance 4.88 4.47 4.70 

 Total fixed running cost (2 units) 39.42 47.67 47.02 

  

                                                      
 
17 IRAS e-Tax Guide: Treatment of Fixed Machinery under the Property Tax Act; published 2 September 

2014. 
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4.2 VARIABLE NON-FUEL COST  

As in the previous review, it is assumed a Long Term Service Agreement (LTSA) would be sought 
for the first one to two overhaul cycles of the gas turbine and steam turbine (typically 6 to 12 
years). These are typically structured on a "per operating hour" or "per MWh" basis and hence are 
largely variable costs.  

An assessment of the variable, non-fuel, costs is given in Table 4-3. 

Table 4-3: Variable non-fuel cost parameters 

NO. REVIEW UNIT 2017-2018 REMARKS 

1 LTSA for Gas turbine S$/MWh 6.018 

Based on EUR2.22/MWh before 
correction to site reference 
conditions and overall part load 
factor. 

2 Steam turbine S$/MWh Included above  

3 Balance of plant, chemicals, 
consumables S$/MWh 0.557 Escalated by MAS core index 

4 Town Water S$/MWh 0.178 No change in water consumption 
and water tariffs. 

5 EMC fees S$/MWh 0.246 
Weighted average for EMC 
budget for FY2016/2017 and 
2017/2018 

6 PSO S$/MWh 0.280 
Weighted average for PSO 
estimated fees for FY2016/2017 
and 2017/2018 

7 EMA license fee (variable) S$/MWh 0.179 As advised by EMA, no change. 

 
Total  

(numbers may not add up 
due to rounding) 

S$/MWh 7.459  

The current review values are compared with the previous reviews in Table 4-4.  

Table 4-4: Variable operating cost allowance comparison 

NO. REVIEW UNIT 2017-2018 2015-2016 2013-2014 

1 LTSA for Gas turbine S$/MWh 6.018 5.136 4.497 

2 Steam turbine S$/MWh Included Included 0.50 

3 
Balance of plant, chemicals, 
consumables S$/MWh 0.557 0.550 0.500 

4 Town Water S$/MWh 0.178 0.178 0.178 

5 EMC fees S$/MWh 0.246 0.276 0.343 

6 PSO S$/MWh 0.280 0.241 0.221 

7 EMA license fee (variable) S$/MWh 0.179 0.179 0.179 

 
Total 

(numbers may not add up due to 
rounding) 

S$/MWh 7.459 6.560 6.419 
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formulae and in accordance with the treatment in the previous years of using the nominal WACC, 
the technical parameters and financial parameters yield the component breakdown of the LRMC 
as summarised in Table 6-3. 

Table 6-2: Assumed financial parameters for LRMC calculation 

NO. PARAMETER VALUE FOR 2017-2018 SOURCE 

1 WACC 
6.65% post-tax, nominal 

7.15% pre-tax, real 
Financial parameters 

2 CPI 0.80% 
Financial parameters; average year-
on-year MAS core inflation index for 

March to May 2016 

3 Weighted average gas 
price S$9.87/GJ EMA 

4 Gasoil (10ppm) price US$50.64/bbl 
EMA; average midpoint of daily 
Bid/Ask for March to May 2016 

5 Exchange rates 
SGD/USD - 1.3643 

SGD/EUR - 1.5357 
Financial parameters; midpoint of daily 

Bid/Ask for March to May 2016 

 

Table 6-3: Calculated LRMC for 2017-2018 

NO. PARAMETER UNIT VALUE FOR 2017-2018 

1 Capital component S$/MWh 31.12 

2 Fixed operating expenditure S$/MWh 9.42 

3 Variable operating expenditure S$/MWh 7.46 

4 Fuel component S$/MWh 74.03 

5 
Calculated LRMC 
(numbers may not add up due to rounding) 

S$/MWh 122.03 

The various parameters from the calculation of 2017-2018 LRMC are compared with that of 
previous review in Table 6-4. The average weighted gas price used for the current review at 
S$9.87/GJ is applied to the fuel component of previous review to remove the effect of the gas 
price on the resulting LRMC value.  
 

Table 6-4: Calculated LRMC for 2017-2018 compared with previous review (gas price at S$9.87/GJ) 

NO. PARAMETER UNIT 2017-2018 2015-2016 

1 Fuel component S$/MWh 74.03 73.98 

2 Capital component S$/MWh 31.12 30.60* 

3 Fixed operating expenditure S$/MWh 9.42 11.09^ 

4 Variable operating expenditure S$/MWh 7.46 6.66^ 

5 
Calculated LRMC  
(numbers may not add up due to rounding) 

S$/MWh 122.03 122.33 

* Updated parameter following mid-term review for 2016. 
^ Escalated based on the MAS Core Inflation for 2016.   
 
Remarks: 

1) Slight increase in fuel component in the current review due to an increase in heat rate as a 
result of lower plant load factor. 

2) Approximately 2% increase in capital component from the previous review due to lower plant 
load factor and a slight increase in initial plant capital cost. There is a lower post-tax nominal 
WACC, an increase in machine capacity and a longer economic life of the plant would result 
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No. Parameter Description Method of Determination 

18 Risk free Rate (%)  The risk-free rate in Singapore 
shall be determined as the 
average of the daily closing yield 
on a default-free bond issued by 
the local government  

Determined by EMA (in 
consultation with the finance 
experts)  

19 Cost of Debt (%)  Risk-free rate plus a premium as 
determined by the Authority.   

Determined by EMA (in 
consultation with the finance 
experts)  

20 Market Risk Premium (%)  The market risk premium 
represents the additional return 
over investing in risk-free 
securities that an investor will 
demand for investing in electricity 
generators in Singapore, as 
determined by the Authority.  

Determined by EMA (in 
consultation with the finance 
experts)  

21 Beta Parameter for scaling the market 
risk premium for calculating the 
cost of equity as determined by 
the Authority. Beta is a measure 
of the expected volatility of the 
returns on a project relative to 
the returns on the market, that is, 
the systematic risk of the project.  

Determined by EMA (in 
consultation with the finance 
experts)  

22 Tax rate (%)   Corporate tax rate applicable to 
generating companies in 
Singapore at the Base Month.   

Determined by EMA. 

23 Cost of equity (%) The return of equity is calculated 
as item 18 + (item 20)(item 21).  

Calculated by EMA (in 
consultation with the finance 
experts)  
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Figure C1: Ansaldo Energia / GT 26 

 










