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1. Site description
The hospital consists of several buildings. Gas is supplied to the site for a hot water boiler plant providing hot water heat for the building and hot tap water. Gas and electricity are supplied by local utilities. The existing gas boilers and heat distribution network are in good condition, major upgrades are not expected. No major changes are expected to the hospital’s activities.  

Heat demand on the boiler is about 3 MW. Electricity demand of the hospital is about 800 kW. 

2. Scope of the project
An energy performance contractor will design, install and finance a reciprocating gas engine to generate and sell electricity to the grid, and to generate heat to reduce boiler loads. The cogeneration unit will have an electrical output capacity of 335 kW and a heat output capacity of 550 kW.

This combined heat and power (CHP) project will decrease the total cost of energy delivered to the hospital by improving the overall efficiency of natural gas utilization and selling electricity. Gas cost will increase but be more than offset by revenue from the sale of electricity to the utility and sale of “Yellow Certificates” awarded for electricity production in a high efficiency CHP. 

3. IPMVP Option and Measurement Boundary
IPMVP Vol 1, 2010, Option B will be followed because it involves full measurement of results, and will continue throughout the life of the performance contract used to fund this project. 

Project savings will be determined within a measurement boundary that encompasses the boiler plant, including the existing boilers and the new CHP unit and all auxiliary systems for the boiler and CHP.  This measurement boundary will be defined by:

· the existing gas utility’s meter for the hospital,

· the existing thermal energy meter on the heat delivered from the plant to the hospital, and 

· a new electric utility meter for the new CHP’s electrical output, all of which is sold to the utility. 

There are no interactive effects of this project beyond the measurement boundary.

4. Baseline Data
Baseline performance of the plant before the CHP installation is defined by data from the gas utility meter and the plant’s heat output meter. Data is taken for a full year, to span the range of load levels on the plant, from July 2008 to June 2009. The data is shown in the Appendix.

Heat output of the plant is the independent variable driving gas use. The Appendix shows an analysis of the relationship between monthly gas and this independent variable. A strong gas/heat relationship was found, indicating no other independent variables are needed:

Monthly Gas (m3) = 1415.2 + (Monthly Heat Output (MWh) * 144.64)


Boiler plant characteristics influencing boiler plant energy use (‘static factors’) during the baseline period are listed in the Appendix.

Baseline electricity generation is 0, since there was no on-site generation during the baseline period.

5. Reporting Period
Monthly savings will be reported annually to the hospital at the end of August every year, until end of the contract. 

6. Savings Calculation Methods
Savings will be reported under conditions prevailing in each reporting period.

There are two components of the cost savings: electricity revenue and increased gas cost.

Electricity Revenue

The electricity revenue (ER) will be determined from:

ER(zl)  =  ElCHP * Electricity Price     







Where:

ElCHP is the monthly metered electricity (in MWh)

Electricity Price (in zl/MWh) is the sum of the current regulated price paid by the electric utility to purchase the electricity, and the current price for the certificates of origin (Yellow Certificates - associated with high efficiency CHP generation) sold on the Power Exchange. These prices will vary throughout the life of the performance contract, but, as defined in the contract, will have a minimum of a total of 380 zl/MWh.

Increased Gas Cost

Increased gas volume (IG in m3) will be determined each month using the baseline gas/heat relationship shown in Section 4, above, to determine the adjusted baseline gas (Gadj) under reporting period conditions. IG will determined using equation 1b) of IPMVP Vol 1: 

IG = Gcurr - (1,415.2  +  Hcurr * 144.64)  ±  NR Adj

Where:

Gcurr is the actual gas volume used by the plant, as measured by the utility meter each month of the reporting period (in m3)

Hcurr is the actual heat output of the total plant, as measured by the plant’s heat meter each month of the reporting period (in MWh)

NR Adj is any non-routine adjustment needed due to changes in static factors of the plant (in m3). These adjustments, if any, will be used to update the Section 4 baseline relationship. 

Increased gas cost (IGC) will be determined from:

IGC(zl)  =  IG * Gas Price







Where:

Gas Price (in zl/m3) is the current marginal cost of gas purchased by the hospital. This price will vary throughout the life of the performance contract, but, as defined in the contract, will have a minimum value of 0.95 zl/m3.

Total Savings

Total savings (S) in zl will be:

S = ER + IGC

7. Measurement Equipment
Electric power produced by the CHP unit and sold to the grid will be measured continuously by a new true RMS wattmeter provided by the utility. 15 minute mean power values will be stored in the meter’s internal memory for the period of at least five years. This information will be accessible to the utility, the hospital and the contractor. Since this meter defines the financial transaction with the utility, it has no error. 

The existing ultrasonic heat meter measuring heat delivered to the hospital has a manufacturer rated accuracy of ±1% of reading. Measured values will be recorded in the meter’s permanent memory every month and stored for the period of five years. This data will be accessible to the hospital and the contractor.

Gas supplied to the plant is measured by the existing utility meter. Consumption information is read manually by the utility on the last day of each month, and provided to the hospital on the monthly utility bill. Since this meter defines the financial transaction with the utility, it has no error. 

The heat and electricity meters are equipped with a communication serial interface allowing remote readings by the contractor and the hospital. 

Meters were also placed on the CHP gas input and heat output to meet requirements of the Regulatory Office for proving that the CHP unit is high efficiency and therefore qualifying for issuing certificates of origin for electricity produced in the unit - the “Yellow Certificates” scheme. These meters are not used in this M&V plan, though they will provide useful detail about the operation of just the CHP.

8. Savings Accuracy
There will be no uncertainty in the Electricity Revenue (ER) amount, since it uses the utility meter. 

The Increased Gas Cost (IGC) amount introduces some uncertainty in the reported savings because the Standard Error in the baseline model is 4237 m3 (see the Appendix).  This model error includes the inherent uncertainty in the heat meter.

The IGC uncertainty means that the precision in any annual net savings statement (S) will be ±3.4% at 90% confidence (as in IPMVP Vol 1, 2010, Appendix B).

9. Measurement and Computation Process

The contractor will measure all values remotely. Heat meter data will be extracted from the continuous data record for the same dates as the gas meter reading dates.

A copy of the utilities’ statements for the gas supply and electricity purchase will be delivered by the hospital’s accounting department to the contractor, when received, on a monthly basis. 

The contractor will inspect the existing boiler plant operations during its monthly visit to inspect the CHP. Any change in plant Static Factors from those in the Appendix will be noted and reported to the hospital. Associated non-routine adjustments (NR Adj) will be submitted as needed by the contractor.

The contractor will assemble all facts and prepare the annual report according to the attached sample, annually.

10. M&V Cost   
The cost to develop this M&V Plan is 8,000 zl. 

There is no extra measurement cost for this M&V design, since meters are either maintained by the utilities, or, in the case of the plant heat meter, is being maintained regularly by the plant staff anyway.

Costs to make the annual calculations of the total cost savings are minimal. However any change in Static Factors will require the contractor to make a custom calculation of the necessary non-routine adjustment. The costs of such adjustment will be charged by the contractor at its then prevailing hourly rate for senior engineering staff.

11. Quality Control
Any observations taken on site and logged in the baseline and reporting periods will be open for the Hospital staff to inspect at any time. 

Data from the plant heat meter will be reviewed for reasonableness each month before being transferred into the analysis program developed for this project. Any anomalies will be investigated. In July of each year representatives of the contractor and hospital will make manual readings of the plant heat meter to verify the integrity of the data logging equipment.

A representative of the contractor will be granted access to the measurement devices, with prior notification.

The existing plant heat output meter is calibrated by the hospital annually. Calibration records are available for the contractor to see at any time in the hospital engineer’s office.

Appendix
Baseline   July 2008 – June 2009

Raw Data

[image: image1.png]Month ~ Gas Input  Heat Output

m® MWh

Ju08 27,339 176.6
Aug08 28537 186.3
Sep-08 106,265 708.1
Oct08 124,132 844.1
Nov-08 133,228 887.8
Dec08 183,397 1247.1
Jan-09 200,556 1432.0
Feb-09 170611 113.7
Mar-09 158,074 1091.8
Apr09 84559 603.8
May-00 81,747 578.1

Jun-09___ 28628 194
Total: ™ 1,327,973 90641

Mean: 110,664




Meters are read on the last day of each calendar month.

Data Analysis
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[image: image3.png]Regression of Gas s heat output

SUMMARY OUTPUT

egression Statistics

Multiple R 0.998

R Square 0.996

Adjusted R Square 0.995

Standard Error 4237 CV(SEMeanGas)= 0.038
Observations 12

Coefficients_Standard Error __t Star__P-value

Intercept 14152 2574, 1 059
MWh 144.64 3.00 48 0.00





Static Factors Of The Plant
Gas energy content, as reported by the utility, was 34 MJ/m3 throughout the baseline period.

Characteristics of the Boiler Plant in the baseline period are as shown below.

	Static Factor
	Boiler #1
	Boiler #2
	Boiler #3

	Size (kW)
	1046
	1046
	1046

	Make
	Roca
	Roca
	Roca

	Model
	CPA900
	CPA900
	CPA900

	Burner Make
	data not available

	Burner model
	data not available

	Operating control setpoint
	data not available

	Operating control high limit
	data not available

	Operating control range
	data not available

	Firing control high limit
	data not available

	Firing control range
	data not available

	Operating hours in baseline period
	5350
	3911
	4724

	Flue gas economizer (yes/no)
	no
	no
	no

	Flue gas temperature - May 23, 2009
	175
	not measured
	Not measured

	Flue gas oxygen - May 23, 2009
	not measured
	not measured
	Not measured


Savings Report for CHP Project

In accordance with the M&V Plan dated April 10, 2009

Reporting period: August 1st 2009 – July 31st  2010
Summary

The avoided cost of energy in the Hospital in the reporting period was 719,550 zł as shown below.

Raw Data

The raw data from the field, and utility prices, are as follows. No corrections were needed to any of this data.

[image: image4.png]Month

Aug-09
Sep-09
Oct-09
Nov-09
Dec-09
Jan-10
Feb-10
Mar-10
Apr-10
May-10
Jun-10
Jul-10
Total-

Eleye

MWh

972
2153
2521
2399
2492
2528
2207
2456
2278
2295

973

952

24226

Electricity Sales

Elec
Purch
Price
2IMWh
250
250
250

Yellow
Certif
Price

2IMWh

130
130
130
130
130
130
130
130
130
130
130
130

Total
Elec
Price
2IMWh

Increased Gas Use

Hour NRAJ  Guur 6
MWh m* m* m?
180.7 - 33784 6,232
7192 - 123,490 18,050
8541 - 146,359 21,407
9073 - 148529 15,882
12546 - 211,150 28,269
13640 - 221,305 22,601
1521 - 193,114 25059
10905 - 182,117 22,972
5810 - 107,423 21,972
5508 - 97,077 15994
1960 - 36,429 6,664
1749 - 33229 6516
0025 - 1534006 211619

Gas
Price

2lim®
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95




Where:

ElCHP
  - Utility-measured electricity from the CHP 

Hcurr
  - Total heat output of the plant

NR Adj - Non-routine adjustment, if any

Gcurr
  - Utility-measured gas supplied to the plant

Savings Computation

Using the computation methods shown in the M&V Plan, the Net Savings each month are shown below.
[image: image5.png]Month

Aug-09
Sep-09
Oct-09
Nov-09
Dec-09
Jan-10
Feb-10
Mar-10
Apr-10
May-10
Jun-10
Jul-10
Total-

Electricity Sales Increased Gas Use Net Savings
Total Adj Gas
Ele  Elec ER Hor  Baseline NRAJ — Gu 6 I6C s
Price
Price Gas
MWh  zUMWh 2l MWh m* m* m* m* 2lim® 2l 2l
972 380 36,936 | 1807 27,552 - 33784 6232 095 5921 31,015
2153 380 81,814 | 7192 105440 - 123490 18050 095 17,147 64,667
252.1 380 95,798 | 8541 124952 - 146,350 21407 095 20,336 75,462
239.9 380 91,162 | 9073 132647 - 148520 15882 095 15,088 76,074
249.2 380 94,696 | 12546 182,881 - 211,150 28269 095 26,856 67,840
252.8 380 96,064 | 13640 198,704 - 221,305 22601 095 21471 74,593
220.7 380 83,866 | 11521 168,055 - 193,114 25059 095 23,806 60,060
2456 380 93,328 | 10905 159,145 - 182,117 22972 095 21,823 71,505
2278 380 86,564 | 581.0 85451 - 107,423 21972 095 20,873 65,691
2295 380 87,210 | 5508 81,083 - 97,077 15994 095 15,194 72,016
97.3 380 36,974 | 1960 29765 - 36420 6664 095 6,331 30,643
952 380_ 36,4176 | 1749 26713 - 33220 6516 095_ 6,190 29,986
24226 920,588 | 9.025 1322387 - 1534006 211619 201,038 719,550




(Net Savings is expressed using five significant digits.)

Where:

ER
- Electricity Revenue

Adj Baseline Gas - Determined from the baseline relationship shown in M&V Plan Section 4, for Hcurr heat output

IG
- Increased Gas volume = Gcurr - Adj Baseline Gas ± NR Adj

IGC
- Increased Gas Cost

S
- Net Savings = ER - IGC
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