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Electric Power Outages After Disasters Contribute to

Property Damage and Human Costs
— |

e Hurricane Katrina was a “worst-case” scenario
»  Health systems
»  Public safety
»  Command and control
»  Shelter

e Power outages after less severe hurricanes and other disaster
situations also impose significant costs
»  Hurricane experience in Florida over previous two seasons

» lce storms and snowstorms
»  Terrorist-related activities
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Traditional Emergency Generators Provide Limited
Post-Disaster Support

Diesel-fired generators

Designed for short-term (hours/days) outages
Limited capacity and functionality
Questionable reliability

Limited fuel storage capacity
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Risk Management Analysis Supports the Stats Quo

e Before a disaster — for specific disaster situation

Invest if Expanding Emergency Generation Cost ($) < Probability of Occurrence
* Estimated Benefit ($)

e After even moderate disaster situations,

Benefit ($) >>> Expanded Emergency Generation Cost ($)

e The probability of the future occurrence of moderate disasters
within the near term is too small to justify additional investment
In emergency generation using traditional risk analysis
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Combined Heat and Power (CHP) Technologies Can

Also Provide Emergency Power

Building-sited electric generation
»  Natural gas reciprocating engines and microturbines

Onsite use of waste heat

»  Space heating, domestic water heating, air conditioning, desiccant
dehumidification, air conditioning , process uses, laundry,etc.

Remote monitoring, third-party service contracts limit required
onsite-engineering expertise
Meet emissions standards

Can provide positive economic benefits

»  Onsite electric production may cost more but waste heat is “free” reducing
natural gas and other fossil fuel purchases

»  Manufacturers are striving for “plug-and-play” system designs
» Increasingly active CHP market
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United Technologies Packages 4-6 60 Kw Microturbines
With Double-effect Absorption Chiller/Heaters
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California and New York Are the Two Most Active
CHP Markets
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Study Question: Can CHP Economic Benefits Make
Expanded Critical Services Emergency Power a

Feasible Disaster Preparedness Option?
—

e CHP System economics

»  Cost
— Equipment and installation
— Operating and maintenance
— Natural gas costs

»  Benefits
— Avoided electricity costs ($/kWh, $/kW)
— Avoided natural gas costs
e CHP design varies by facility
»  Hourly electricity use profiles
»  Hourly thermal energy profiles for appropriate end uses

e Analysis results also vary by location
»  Weather-related end uses
»  Electricity and natural gas costs
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Study Framework — Consider Hurricane-
Related Disasters

e Select three hurricane-prone locations

e Identify critical service facility requirements for a benchmark
population of 100,000 people

e Determine hourly electric and thermal energy use
characteristics for each facility type at each location

e Size CHP electric and thermal components as a function of
hourly loads and energy prices in each facility at each location

e Evaluate economic costs and benefits of providing emergency
electric service for all critical services at each location
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L ocations

e Locations
Table 1. Characteristics of Three Study Locations

Charleston Houston Miam
Mean January Temperature °C (°F) 8.8 (47.9) 11.0 (51.8) 20.1 (68.1)
Mean July Temperature °C (°F) 27.6 (81.7) 28.7(83.6) 28.7(83.7)
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Critical Service Facilities
 — |

e Facilities
»  Office (public safety, command and control), hospital, nursing home, schools
(shelter)
»  Number and size of facilities benchmarked to 100,000 population

— Capacity assumptions: 50% hospital beds, 75% nursing home beds, shelter for 5 % of
population

»  General facility characteristics developed from US DOE Commercial Buildings
Energy Consumption Survey data

Building Size Number of

Building Type Square Meters Square Feet Buildings
Disaster Management and Public Safety 5,000 53,820 1
Hospital 13,000 139,931 1
Nursing Homes 2,900 31,215 5
Shelter (schools) 4,600 49,514 10
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Hourly Loads For CBECS Facilities Developed With
Simulations Calibrated to Monthly kWh, Peak kW

Sample of Homly Loads Used to Size and Calculate DG System Economics
Five Days Beginming August 11, 2003
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The chatt shove provides a sample of this site's houtly loads data uzed in sizing, designing and evaluating the DG systems in thiz analysis. A0 E 760
houtly loads are used in computing the energy use and cost of each DG system. Howly loads are applied to Consolidated Edison Co-NV Ine rate
structures to determine energy charges and energy bill savings.

The black line shows howly electricity loads (KW before DG system installation. The yellow line shows electricity (KW generated by the onsite DG
system and the blue line shows electricity needs which must be purchazed from the utility after DG system installation.
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CHP System Costs/Characteristics From: US Department of Energy,
2002. Integrated Energy Systems (IES) for Buildings: A Market
Assessment. Oak Ridge National Laboratory, Ornl/Sub/409200

Size LInit Type Base Case Current Technologies (1299/2000)
Package |Operating& |Efficiency [Thearmal Total I
Cost Maintenance |@ Rated |[Cutput Installed |1
(SW) (S/kKWh) Output (BTU/KWh) |Cost [
(/W)
45- Engine 550 0.0150 31.0% 54 1033 a
JEKW  [Microturhine  [200 0.0100 27.1% 6.7 1383 |
7h- [Engine 22 0.0012 31.7% 52 053 i
150k  |Microturbine  |800 0.0100 271% 6.7 1231 |
150- Engine 506 0.0120 33.5% 4.7 880 ;
S00EW  (Microturbine (700 0.00%0 27.1% 6.7 1074 :
Fuel Cell 4500 0.0150 39.6% 38 5003
300- Engine 488 0.0100 35.0% 46 800 |
GO0KW  IMicroturbine  |703 0.00%0 27.1% 6.7 1015 a
Fuel Cell 4500 0.0150 39.6% 38 4812 '
G-1MW |Engine 481 0.008 36.5% 45 730 ;
Turhine A08 0.006 25.0% 8.2 757 i
1- [Engine 473 0.0075 38.0% 4.2 704 :
2.5NMW  [Turbine 473 0.0055 28.0% 7.2 704
2.5- Engine 467 0.0075 39.0% 4.0 622
SMW [Turbine 437 0.0045 20 0% 6.8 502
5-10MW |Engine 450 0.007 42.0% a1 575
Turbine 425 0.004 31.0% 6.2 550
10- Engine 450 0.007 42 0% a1 563
20MW  |Turbine 375 0.004 33.0% 56 488
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Analysis of Alternative System Designs ldentified
Most Economical System

Summary Results For
200,000 Square Foot office activity at ZIP 10023 for Engine-Based Systemns

DG Energy Bill Savings and Summary of Annual Energy Use and Bill Savings
New Energy Bill With DG System Bill Savings: $289 834 Payback: 1.57 Years
$415,419 B Erersy Bill Before DG | After D Savings

B 0G Savings 1. kWh Usze 3,373,854 11,244,533 2,128,922

2. Peak kW 8992 488 504
3. Electric Bills Fe75.443 £274.208 0 $401,235
‘ 4. Matural Gas/Oil Tse (Wil Biu) 4451 21,619 -17,168
5. Matural Gas/Cnl Balls £32,810 F144,211 0 E-111.400
$289. 834 Energy Bill and Sawngs With T System

(Add items 3 and 5) §418,415 | §289,834
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Individual Cost/Savings Components Are
Determined for Each Facility in Each Location

Analysis Results for Engine-Based DG Systems

Analysis 15 based on all 8760 hourly loads, Consolidated Edison Co-INY Inc rate structures, equipment manufacturer information and
site characteristics prowided in the online session forms

Technology Engine Electnic Bill Savings F401,235
Waste Heat Applications” Space Heat, Water Heat, Air Cond | Awoided Fossil Fuel Bills F 18,767
Jenerator S1ze 450 W TJenerator Fuel Costs F 130,167
Gen Operating Hours 4 807 Hours Dz O&M Costs F 25217
Generated 1Wh 2,131,543 I%Wh et Annual Savings F 264,618
Tnstallation Cost £416,333 Payback 157 Years
Typical Standby (SE) Charges! fe1,028 Payback With Typical SE Charges! 2.04 Years

ISome itilities Irpose exdrs dharges on DG ooastorners called standber of badaap charges. Standhyr charzes are typicalbe complicated and depend o buar ok and when oneite gereration i donam.

The estinated standby charges shuonam above Teflect "orpeial standber charges. " Sebial standby Gharges gy differ dependitgg ory spstern desizh and other isoges; corre wdilities do rt ascess standbr
charges. Standby charges canc be awroided b “islmdinge" the load serwed bor o DO gprstern. See DO uetallation Ghaide for more foomation on standby dharges . ( ror@4 T2E)

*
Wacte heat-Telated equiperert (ie., heat exchangers | shoorption air covuditioeers’) are sized baced orywraste heat strailability. That ic | wracte heat g sapphy ondy 2 portion of ernd uce snerzy.
Exterided report capabilities prowide wracte hest and equipthert sisivg rdontation. See Producs snd Servrices .
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Results For All Critical
Service Facilities by Location

Total (Including Multiple Buildings Within

Charleston
Annual kWh Use Before CHP 24377814
Savings - kWh 13,245,669
System size (kW) 2,360
Annual Operating Benefits
Avoided kWh Costs ($) 961,829
Avoided Natural Gas Costs ($) 355,055
Annual Operating Costs
Generator Fuel Costs (§) 1,172,444
0O&M Costs ($) 148,401
Total Net Annual Operating Benefits -3,961
System Installation Cost 2,099 480
Benefit/Cost Analysis
Net Present Value 2,133,771
e 10y ) 105
Smmple Payback (years) Prices and N/A
gl ryss
Electricity ($/kWh) to Senate 0.073
Natural gas ($/MMBtu) Hearing 8.68
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Categories)

Houston
28,163,992
17,296,858

2,710

1,759,704
256,728

1,094,560

205,697

716,175

2,813,890

3,386,187

3.9

0.102
6.32

Miami
32,649,455
19,932,919

2,825

1,651,911
518,398

1,595,261

213,557

361,491

2,598,085

531,419

72

0.083
811



Conclusions

Combined heat and power systems (CHP) should be considered as
an option for providing critical services power in the aftermath of
disasters.

Depending on facility hourly energy use profiles, electric and natural
gas prices, these programs can pay for themselves over time. In
these applications, a preemptive critical services emergency
preparedness program based on CHP systems can actually
generating revenue for local municipalities.
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