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¥ 1. Energy and power sources comparisons

POWer SOUICE Power Energy Power Secondary Voltage | Commercially
(u W)/em® | (Joules)/ecm® | (u W)/cm®/yr |storage needed?| regulation? | available?
Primary battery N/A 2,880 0 No No Yes
Secondary battery | N/A 1,080 34 N/A N/A Yes
Micro fuel cell N/A 3,500 110 Maybe Maybe No
Ultra capacitor N/A 50-100 1.6-3.2 No Yes Yes
Heat engine 1X106 3,346 106 Yes Yes No
Radioactive (°Ni) 0.52 1,640 0.52 Yes Yes No
Solar(outside) 15,000* N/A N/A Usually Maybe Yes
Solar(inside) 10* N/A N/A Usually Maybe Yes
Temperature 40* N/A N/A Usually Maybe Soon
Human power 330 N/A N/A Yes Yes No
Air flow 380° N/A N/A Yes Yes No
Pressure variation 17* N/A N/A Yes Yes No
Vibrations 375 N/A N/A Yes Yes No

% Measured in power per square centimeter, rather than power per cubic centimeter.
T Demonstrated from a 5°C temperature differential.

T Assumes an air velocity of 5m/s and 5 percent conversion efficiency.

« Based on 1cm® closed volume of helium undergoing a 10C change once a day.
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# 2. Energy storage density comparison

s Practical maximum Aggressive maximum
(millijoules/cm®) (millijoules/cm®)
Piezoelectric 354 335
Electrostatic 4 44
Electromagnetic 248 400

t Voltage T

2
— = 1 — Vertical
— displacement

J& 1. Atwo—layer bimorph mounted as a cantilever™”
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&l 2. Simulation for 1cm?® piezoelectric generator driven by vibration!
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3. AA7|A Energy Harvesting
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AA7] WA71E A7)l s A7 £AY | o] wAsl= 2 E o] &3tk 17 4& g |24
parallel plate capacitive transducerE X.¢] F31 9t} =7 2] (capacitor) & $]F+e] & A capacitance position (3]
T} o] 3 Afo]e] Ao} 7+4) 3} Ao capacitance position (F]4x 7HA) Abolel|A] AslR 2A]o|w, ZA |l Hf
A dAlo] dojuA| =), dubd o 2 A7] 742 &S 0|43}y wjil| Coulomb—damped resonant generator
(CDRG) =L 8}7]% g}, Capacitance”} 7H423F ol (57 2 Abol o] 7H7 o] S71et oY), SA 7] 9] A7} 4 44
SHA| A= ehE Aste] 71k Aotk HbA capacitance 7F 74 W], SA 2] 9] Agte] dA A Ao A
7} Zad Aolrh 1 5+ APl A A-(A-B-D-A)<} Aste] A3 A-(A-C-D-A) | disi
capacitance’} 4 W WA EE HAS BgF 1 oo} AsrF A A E2AA7F 27] AL (Vstar) 2 A
o] FH AAojA BHo R o]F3dlt}. ¢ Fho] X of capacitance (Cmax) o4 &4 capacitance (Cmin) & ©]E3}
™, B4 DR o5t A7} F4skar Asls dAshH, Aol S7lekAl =& AHelok szt A4
e 2 E-7)5}H, DAA AR o= o] 53lA Hct whebA AA| ikl oy A= A-B-D9] HA o] S} A to]
IR A5, FAAZF 27) AH(Vmax) 2 A1) HH, AHA CHoR o3t $J3e] Hl capacitance
(Cmax) 9|4 %4 capacitance (Cmin) & ©]%3}, CHo4 DAL R o]E3lc) vlAE slH DAA AR =R
o] 58t} wEtA A& = e ollv A= A-C-De] |Ao] =t o] gt Aol A A7) o2& DA A AF L
2 o5 wf SAHAZHE FohfA =t Slol| 7]k nle} Fo] Aste] YA A97} Aslrt A A 5-Het
71AA AR E A7)A JA 2 o go] W3e 3 955 ¢ Sk ok 2 %
ek A7) WAV e $A W AR o] R E R R 22 o] uiEaby 9 wkEA S AR BES TE
o7}t Qv Bk 7S] Sl W3] 9] FAFTe TR B 2 AAE de 5 ik

1 8o A Fulg godoA] Al Ao d# A non—resonant Coulomb—force parametric generator
(CFPG) 7} e,
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// ,/ Bottom L ! > \/
7 _ 7 electrode A Ve Vinax
[] voltage-constrained cycle
[ charge-constrained cycle
& 4. Standard parallel plate capacitive transducer & 5. Diagram explaining electrostatic energy conversion™
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